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1)
Scope

To provide for the further work of Working Party 5D and the Independent Evaluation Groups, WP 5D has reviewed the candidate technology submission referenced above as received by WP 5D in the October 2009 meeting and provides the WP 5D view on the following:

1)
The completeness of the candidate submission following the guidance of Report ITU‑R M.2133.

2)
Details of the required components that were to be provided as defined in Report ITU‑R M.2133 and where the information is to be found within the candidate submission materials.

2)
Acknowledgement of receipt of submission and assessment of completeness

Working Party 5D acknowledges the receipt of the candidate technology submission referenced above from IEEE.  WP 5D has reviewed this candidate submission under the IMT-Advanced process and has determined that the submission is “complete” per Section 4 of Report ITU-R M.2133.
3)
Classification of the candidate submission
RIT, including both TDD and FDD duplexing (see Attachment 1 Part 1 Overview)

4)
Designate the following elements for each candidate RIT, for each candidate RIT within the composite SRIT, and/or for the composite SRIT of the candidate submission (to fulfil Section 4.1 of Report ITU‑R M.2133)
To assist WP 5D and the Independent Evaluation Groups in guiding the work, WP 5D has developed this checklist of the information with regard to all the required components of the submission per Report ITU-R M.2133 including specific links to the candidate submission items.

4.1)
Step 2 requirements:  An RIT needs to fulfil the requirements for at least one test environment. Furthermore, an SRIT is defined as a number of RITs each individually fulfilling the minimum requirements for at least one test environment and complementing each other. (Document IMT‑ADV/2(Rev.1) Step 2)

Based on Document IMT-ADV/2(Rev.1) Step 2, does the proponent indicate that the condition above has been met?

 FORMCHECKBOX 
 Yes
⁪ No

⁪ Comments: The proposal indicates that it fulfils the requirements in all four test environments (see Attachment 1 Subclause 4.2.3.2.1.1).

4.2a)
Templates: The submission of each candidate RIT or SRIT shall consist of completed templates as specified in § 4.2 together with any additional inputs which the proponent may consider relevant to the evaluation.  (Report ITU-R M.2133 Section 4.1 § 1)

Description template – characteristics template supplied (M.2133 Section 4.2.3.2)  


 FORMCHECKBOX 
 Yes

⁪ No

⁪ Comments: See Attachment 1 Subclause 6.1

Description template – link budget template supplied (M.2133 Section 4.2.3.3)

 FORMCHECKBOX 
 Yes

⁪ No

⁪ Comments: See Attachment 1 Subclause 6.2

Compliance template for services supplied (M.2133 Section 4.2.4.1)

 FORMCHECKBOX 
 Yes

⁪ No

⁪ Comments: See Attachment 1 Subclause 8.1  

Compliance template for spectrum supplied (M.2133 Section 4.2.4.2)

 FORMCHECKBOX 
 Yes

⁪ No

⁪ Comments: See Attachment 1 Subclause 8.2

Compliance template for technical performance supplied (M.2133 Section 4.2.4.3)

 FORMCHECKBOX 
 Yes

⁪ No

⁪ Comments: See Attachment 1 Subclause 8.3

4.2b)
Version: Each proposal must also indicate the version of the minimum technical requirements and evaluation criteria of the IMT-Advanced currently in force that it is intended for and make reference to the associated requirements.  
Summarize the version of the minimum technical requirements and evaluation criteria utilized by the candidate submission.

–
The versions used are: Report ITU-R M.2133 Requirements, evaluation criteria and submission templates for the development of IMT-Advanced (Approved 2008-11); Report ITU-R M.2134 Requirements related to technical performance for IMT-Advanced radio interface(s) (Approved 2008-11); Report ITU‑R M.2135 Guidelines for evaluation of radio interface technologies for IMT-Advanced  (Approved 2008-11), and Document IMT-ADV/3 Correction of typographical errors and provision of missing texts of IMT‑Advanced channel models in Report ITU-R M.2135 (July 2009).
4.3)
Self evaluation: The entity that proposes a candidate RIT or SRIT to the ITU-R (the proponent) shall include with it either an initial self-evaluation or the proponents’ endorsement of an initial evaluation submitted by another entity and based on the compliance templates in § 4.2.4. (Report ITU-R M.2133 Section 4.1 § 2).

Self-evaluation supplied
 FORMCHECKBOX 
 Yes

⁪ No

⁪ Comments: See Attachment 1 Clause 7

Self Evaluation type 
 FORMCHECKBOX 
 provided by proponent 

4.4)
IPR STATEMENT: Proponents and IPR holders should indicate their compliance with the ITU policy on intellectual property rights ((Report ITU-R M.2133 Section 4.1 §3)

IPR Statements supplied:  FORMCHECKBOX 
 Yes
⁪ No

⁪ Comments: See Attachment 1 Clause 3 

5)
Use of corrected information in Report ITU-R M.2135

Working Party 5D has identified some aspects of Report ITU-R M.2135 that require an update of the report to address the correction of typographical errors and provision of some missing text.  This information was developed in the 5th meeting of Working Party 5D in Document 5D/TEMP/219(Rev.1).  This was captured in Document IMT-ADV/3.
In particular it is stated that the information presented in Document IMT-ADV/3 should be applied in the use of Report ITU‑R M.2135. Technology proponents and evaluation groups are requested to indicate in their inputs to Working Party 5D that they have used both Report ITU-R M.2135 and Document IMT‑ADV/3 in their work. 
Has the technology proponent confirmed they used both Report ITU-R M.2135 and Document IMT‑ADV/3 in their work?  FORMCHECKBOX 
 Yes
 ⁪ No

⁪ Comments: See Attachment 1 Clause 4 and Subclause 7.1 

6)
Candidate submission
See Attachment 1.
7)
Contacts

Administrative contact:
Michael Lynch 






E-mail: freqmgr@ieee.org
Technical contact:

Roger Marks






E-mail: r.b.marks@ieee.org
8)
Remarks or other information

None.
Attachment 1

Source:

Document 5D/542
Institute of Electrical and Electronics Engineers, Inc. (IEEE)
submission of A candidate imt-advanced rit 
based on ieee 802.16
(Part 1 of 4)

This contribution was developed by IEEE Project 802®, the Local and Metropolitan Area Network Standards Committee (“IEEE 802”), an international standards development committee organized under the IEEE and the IEEE Standards Association (“IEEE-SA”).
The content herein was prepared by a group of technical experts in IEEE 802 and industry and was approved for submission by the IEEE 802.16™ Working Group on Wireless Metropolitan Area Networks, the IEEE 802.18 Radio Regulatory Technical Advisory Group, and the IEEE 802 Executive Committee, in accordance with the IEEE 802 policies and procedures, and represents the view of IEEE 802.

Overview

This contribution is Part 1 of a four-part set that together comprises a submission, in response to the ITU-R Circular Letter 5/LCCE/2, of a candidate Radio Interface Technology (RIT) for the terrestrial component of IMT-Advanced. This proposal represents a complete submission (per §4.1 of Report ITU-R M.2133) for an RIT (including both TDD and FDD duplexing) under Step 3 of the IMT-Advanced process in Document IMT-ADV/2(Rev.1). Step 3 specifies the following elements (References to Clauses and Subclauses in the following numbered list refer to Clauses and Subclauses of this four-part submission):

1. Completed templates

a) Clause 6: Description templates
i. Subclause 6.1: Description template – characteristics
ii. Subclause 6.2: Description template – link budget
b) Clause 8: Compliance templates

i. Subclause 8.1: Compliance template for services

ii. Subclause 8.2: Compliance template for spectrum

iii. Subclause 8.3: Compliance template for technical performance
2. Any additional inputs which the proponent may consider relevant to the evaluation

a) Clause 1: Introduction and Background
b) Clause 2: Continuing Development
c) Clause 5: General description of the RIT
3. Indication of the version of the minimum technical requirements and evaluation criteria of the IMT-Advanced currently in force that it is intended for

a) Clause 4

4. Initial self-evaluation, performed using the same guidelines and criteria established for the evaluations under Step 4 of the process as provided in Document IMT-ADV/2(Rev.1):

a) Clause 7: Self-evaluation report
5. Statement of compliance with the ITU policy on intellectual property rights

a) Clause 3

Clauses 1 through 4 are included in Part 2, Clauses 5 through 6 in Part 3 and Clauses 7 through 8 in Part 4.

Report ITU-R M.2133 Section 4.1 specifies that three major components are required for a complete submission. The following information shows where each of the required components are located in this complete submission.

· First component: Completed templates specified in Section 4.2 of Report ITU-R M.2133

· The completed  description templates can be found in Clause 6, which is in Part 3 of this submission.

· The completed compliance templates can be found in Clause 8, which is in Part 4 of this submission.

· The declaration of the version can be found in Clause 4, which is in Part 2 of this submission.

· Second component: Self-evaluation

· The self-evaluation can be found in Clause 7, which is in Part 4 of this submission.

· Third component: IPR policy compliance

· The IPR policy compliance information can be found in Clause 3, which is in Part 2 of this submisison.

Conclusion
This complete proposal includes all required elements of a complete submission for consideration under the first invitation as specified in Document IMT-ADV/2(Rev.1). This complete proposal includes documentation demonstrating that the proposed RIT meets the requirements of IMT‑Advanced as specified by Report ITU-R M.2133 for all four test environments.

Proposal
This proposal should be assigned for evaluation, in all four test environments, under Step 4 of the IMT-Advanced terrestrial component radio interface development process in Document 
IMT-ADV/2(Rev.1), during which time the IEEE 802.16 Working Group will support the activities of the independent evaluation groups per Clause 2 of this contribution. This proposal should also proceed to consideration under Steps 5, 6, and 7.

Table of contents for all parts

Part 1

· Overview

· Conclusion

· Proposal

· Table of contents for all parts

Part 2
1
Introduction and background 

1.1
IMT-2000 Background

1.2
Prior communications regarding IMT-Advanced Proposal

1.3
IMT-Advanced Workshop Participation

2
Continuing Development

2.1
Ongoing Development of 802.16m Project

2.2
Plans for Step 4 of IMT-Advanced development process

2.3
IEEE 802.16m IMT-Advanced Evaluation Group Coordination Meeting

3
IPR Policy compliance 

4
Declaration of version

References


Abbreviations

Part 3
5
General description of the RIT

6
Description templates

6.1
Description template – characteristics

6.2
Description template – link budget 

Annex 1 – L1/L2 Overhead Calculation
Annex 2 – Stage 2 Specification: IEEE 802.16m System Description Document (SDD)
Part 4
7
Self-evaluation report

7.1
Overview

7.2
Evaluation results

8
Compliance templates

8.1
Compliance template for services

8.2 
Compliance template for spectrum

8.3
Compliance template for technical performance 

Annex 3 – Simulation Assumptions and Configuration Parameters for IMT-Advanced Test Environments 
Annex 4 – Details of Simulation-related Results in the Compliance Template for Technical Performance
SUBMISSION OF A CANDIDATE IMT-ADVANCED RIT
BASED ON IEEE 802.16

(Part 2 of 4)
This contribution was developed by IEEE Project 802®, the Local and Metropolitan Area Network Standards Committee (“IEEE 802”), an international standards development committee organized under the IEEE and the IEEE Standards Association (“IEEE-SA”).
The content herein was prepared by a group of technical experts in IEEE 802 and industry and was approved for submission by the IEEE 802.16™ Working Group on Wireless Metropolitan Area Networks, the IEEE 802.18 Radio Regulatory Technical Advisory Group, and the IEEE 802 Executive Committee, in accordance with the IEEE 802 policies and procedures, and represents the view of IEEE 802.

This proposal consists of four parts, each submitted as a contribution, including a Part 1 overview document that lists the contents of all four parts. The four documents together constitute a complete submission of a candidate IMT-Advanced RIT.

This document is Part 2. 
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1
Introduction and background

1.1
IMT-2000 background

In November 2006, IEEE’s Document 8F/1065 to ITU-R Working Party 8F (“Proposed new IMT‑2000 terrestrial radio interface intended for inclusion in Recommendation ITU-R M.1457”) initiated activity to add a new IMT-2000 radio interface specification based on IEEE Standard 802.16. This activity led to inclusion of the new radio interface “IMT-2000 OFDMA TDD WMAN” in Recommendation ITU-R M.1457-7 in October 2007. IMT-2000 OFDMA TDD WMAN is based on IEEE Standard 802.16 and specifications of the WiMAX Forum.

Additional contributions, beginning with Document 5D/442 in May 2009, led to a decision by ITU‑R Working Party 5D to propose an amendment to IMT-2000 OFDMA TDD WMAN in the development of the revision to Recommendation ITU-R M.1457-8. The WP 5D revision to Recommendation ITU-R M.1457-8 includes both TDD and FDD components.

As announced in Document 5D/529 of July 2009, IEEE intends to continue its participation in IMT‑2000 by contributing toward the development of revision to Recommendation ITU-R M.1457-9 (Recommendation ITU-R M.1457-10).

This proposal for an IMT-Advanced RIT is based on further developments of IEEE Standard 802.16.
1.2
Prior communications regarding IMT-Advanced proposal
IEEE’s Document 8F/1083 (“IEEE new project to develop a standard to meet the cellular layer requirements of IMT-Advanced”), in January 2007, notified WP 8F of the initiation of IEEE’s 802.16m standardization project, within the IEEE 802.16 Working Group, to amend the WirelessMAN-OFDMA specification to meet IMT-Advanced requirements while providing continuing support for legacy WirelessMAN-OFDMA equipment. The statement informed WP 8F that the project was intended for future contributions to ITU-R WP 8F on IMT-Advanced. 

IEEE’s Documents 5D/356 (Feb 2009) and 5D/443 (May 2009) provided specific notice of intention to submit an IMT-Advanced candidate proposal, with additional details. Working Party 5D responded with liaison statement (5D/TEMP/206) in June 2009, noting that “WP 5D anticipates receiving a complete submission from IEEE according to the defined IMT-Advanced process as delineated in the approved ITU-R documents by the established deadlines.”
1.3
IMT-Advanced Workshop participation

IEEE participants notified ITU-R WP 5D members of 802.16m progress toward IMT-Advanced in two Workshops:

–
“IEEE 802 Standards for Advanced Wireless Networks,” 1st Workshop on IMT-Advanced (Kyoto, 22 May 2007)

–
“Project 802.16m as an IMT-Advanced Technology,” 2nd Workshop on IMT-Advanced (Seoul, 7 Oct 2008)

IEEE also accepted an invitation to present at the 3rd Workshop on IMT-Advanced 
(Dresden, 15 October 2009).

2
Continuing development

2.1
Ongoing development of 802.16m Project

The IEEE 802.16 Working Group <http://wirelessman.org> has actively developed the 802.16m project in a series of meetings, at least bimonthly, since January 2007. Session attendance has been as large as 462 people. The Working Group’s current membership roster includes 437 individuals from many regions. The 802.16m Task Group <http://wirelessman.org/tgm> addressed approximately 1500 contributed documents in 2008 and has addressed over 2000 contributed documents so far in 2009.
In the course of development of the 802.16m project, the IEEE 802.16 Working Group has developed Stage 1 and Stage 2 specifications, as follows:

(
Stage 1: IEEE 802.16m-07/002, IEEE 802.16m System Requirements Document (SRD) {2}
(
Stage 2: IEEE 802.16m-09/0034, IEEE 802.16m System Description Document (SDD) {4}.
The development of the Stage 3 draft standard (P802.16m) is ongoing and will continue to evolve based on ballot comment resolution.

2.2
Plans for Step 4 of IMT-Advanced development process

In planning for Step 4 (“Evaluation of candidate RITs or SRITs by evaluation groups”) of the IMT‑Advanced development process, the IEEE 802.16 Working Group would like to communicate its willingness to engage with the independent evaluation groups, assist in their evaluations, and provide clarifying information. Furthermore, in the spirit of harmonization and consensus building, the Working Group hopes to benefit from insights gained by the independent evaluation groups, applying that knowledge to the refinement and improvement of the IEEE 802.16m draft standard.

In order to aid in communications with the independent evaluation groups, IEEE offers to provide those groups with access to the updated drafts. In general, the IEEE 802.16 Working Group expects to produce an updated draft following each of its bimonthly sessions. The Working Group welcomes each independent evaluation group to register its interest and identify a specific contact individual. The Working Group will then provide an update, in the form of a liaison statement to the independent evaluation groups, following each session. The statement will provide access to the most recent draft and will request comment from independent evaluation groups. Any comments received will be considered in the ongoing ballot comment resolution process. 

A calendar of upcoming sessions of the IEEE 802.16 Working Group is available <http://ieee802.org/16/calendar.html>.
2.3
IEEE 802.16m IMT-Advanced Evaluation Group Coordination
The IEEE 802.16 Working Group has initiated the a web site for the IEEE 802.16 IMT-Advanced Candidate Proposal <http://WirelessMAN.org/imt-adv>. Interested parties, including the independent evaluation groups, are encouraged to review this web site for information and communications regarding the candidate proposal.
In order to aid the independent evaluation groups in their evaluation of this proposal, the IEEE 802.16 Working Group invites them to the “IEEE 802.16m IMT-Advanced Evaluation Group Coordination Meeting.” This meeting will be held on 13 January 2010 in San Diego, California, USA, in conjunction with IEEE 802.16 Session #65 <http://ieee802.org/16/meetings/mtg65>. 
At the meeting, IEEE 802.16 members will present an overview of the proposal as well as an update regarding the current status of the 802.16m draft standard and will be available to address comments and questions. The meeting will also provide an opportunity for the independent evaluation groups to exchange views among each other and with members of the IEEE 802.16 Working Group. Further information, including logistical details, will be available at <http://WirelessMAN.org/imt-adv>.
3
IPR Policy compliance 

The proponent has submitted a statement of “Compliance with ITU policy on Intellectual Property Rights regarding IMT-Advanced Candidate Proposal” to the Director of the Radiocommunication Bureau (BR). 

4
Declaration of version

Report ITU-R M.2133 specifies that IMT-Advanced proposal must “indicate the version of the minimum technical requirements and evaluation criteria of the IMT-Advanced currently in force that it is intended for and make reference to the associated requirements.”

Accordingly, this proposal specifies that it addresses IMT-Advanced requirements and evaluation criteria per Reports ITU-R M.2133, ITU-R M.2134, and ITU-R M.2135, subject to the corrections in Document IMT-ADV/3.
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BS


Base Station

BSID


Base Station Identifier

BW-REQ

Bandwidth Request

DL


Downlink

CC


Convolutional Code

CDD


Cyclic Delay Diversity
CDR


Conjugate Data Repetition

CINR


Carrier to Interference and Noise Ratio

CLPC


Closed Loop Power Control

CP


Cyclic Prefix

CPS


Common Part Sublayer

CQI


Channel Quality Indicator

CRC


Cyclic Redundancy Check
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submission of A candidate imt-advanced rit 
based on ieee 802.16
(Part 3 of 4)

This contribution was developed by IEEE Project 802®, the Local and Metropolitan Area Network Standards Committee (“IEEE 802”), an international standards development committee organized under the IEEE and the IEEE Standards Association (“IEEE-SA”).
The content herein was prepared by a group of technical experts in IEEE 802 and industry and was approved for submission by the IEEE 802.16™ Working Group on Wireless Metropolitan Area Networks, the IEEE 802.18 Radio Regulatory Technical Advisory Group, and the IEEE 802 Executive Committee, in accordance with the IEEE 802 policies and procedures, and represents the view of IEEE 802.

This proposal consists of four parts, each submitted as a contribution, including a Part 1 overview document that lists the contents of all four parts. The four documents together constitute a complete submission of a candidate IMT-Advanced RIT.

This document is Part 3.
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5
General description of the RIT 

This clause provides a general description of the Radio Interface Technology (RIT) proposal. The detailed specification of the RIT is under development as an amendment (P802.16m) to IEEE Std 802.16 {1}. Much of the basic functionality of the RIT is inherited from {1}. The advanced functionality of the RIT is described in the Stage 2 Specification IEEE 802.16m-09/0034 (IEEE 802.16m System Description Document (SDD)) {4}. Additional details are provided below.

5.1
Network reference model (NRM) and protocol structure

Figure 5-1 illustrates the non-hierarchical, end-to-end NRM. Further details are provided in {4}. The NRM can be expanded to further include optional relay entities for coverage and performance enhancement in future releases although the RIT includes functionality to support such entities. The RIT specifies Medium Access Control (MAC) and Physical Layer (PHY) protocols for fixed and mobile broadband wireless access systems based on IEEE Std 802.16 {1}. The MAC and PHY functions can be classified into three categories namely data plane, control plane, and management plane. The data plane comprises of functions in the data processing path such as header compression as well as MAC and PHY data packet processing functions. A set of Layer-2 (L2) control functions is needed to support various radio resource configuration, coordination, signalling, and management. This set of functions is collectively referred to as control plane functions. A management plane is also defined for external management and system configuration. Therefore, all management entities fall into the management plane category. 
Figure 5-1

Network Reference Model (NRM) {4}

[image: image2.emf]Access Service Network

R1 MS

AMS

R1 BS

/ABS

R1 BS

/ABS

Access 

Service 

Network 

Gateway

Connectivity Service 

Network

Connectivity Service 

Network

Another Access Service Network

ASP Network or 

Gateway

ASP Network or 

Gateway

R1

R1

R6

R6

R8

R3

R3

R5

R2

control plane

bearer plane

R4


The RIT MAC layer is composed of two sublayers: convergence sublayer (CS) and MAC common part sublayer (MAC CPS) {1}. For convenience, we logically classify MAC CPS functions into two groups based on their characteristics as shown in Figure 5-2.

The upper and lower classes are called Radio Resource Control and Management (RRCM) functional group and MAC functional group, respectively. The control plane functions and data plane functions are also separately classified. As shown in Figure 5-2, the RRCM functional group comprises of several functional blocks including:
· Radio resource management: this block adjusts radio network parameters related to the traffic load, and also includes the functions of load control (load balancing), admission control and interference control.

· Mobility management: this block scans neighboring Advanced Base Stations (ABS) and decides whether Advanced Mobile Station (AMS) should perform handover operation.

· Network-entry management: this block controls initialization and access procedures and generates management messages during initialization and access procedures.

· Location management: this block supports Location Based Service (LBS), generates messages including the LBS information. 

· Idle mode management: this block controls idle mode operation, and generates the paging advertisement message based on paging message from paging controller in the core network. This block manages location update operation during idle mode.
· Security management: this block performs key management for secure communication. Using managed key, traffic encryption/decryption and authentication are performed. 

· System configuration management: this block manages system configuration parameters, and generates broadcast control messages such as Superframe Header (SFH).

· Multicast-Broadcast Service (MBS): this block controls and generates management messages and data associated with MBS.

· Service flow and connection management: this block allocates Station Identifier (STID) and Flow Identifiers (FIDs) during access/handover service flow creation procedures.
Figure 5-2

RIT Protocol Stack {4}
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MAC functional group includes functional blocks which are related to PHY and link controls such as:
· PHY control: this block performs PHY signalling such as ranging, channel quality measurement/feedback (Channel Quality Indicator (CQI), and H-ARQ ACK or NACK signalling.

· Control signalling: this block generates resource allocation messages such as Advanced Medium Access Protocol (A-MAP) as well as specific control signalling messages.

· Sleep mode management: this block handles sleep mode operation and generates management messages related to sleep operation and may communicate with the scheduling and resource multiplexing block in order to operate properly according to sleep period.

· Quality-of-Service (QoS): this block handles QoS management based on QoS input parameters from connection management function for each connection.

· Scheduling and resource multiplexing: this block schedules and multiplexes packets based on properties of connections.
The data plane includes functional blocks such as:
· Fragmentation/packing: this block performs fragmentation or packing of MAC Service Data Units (MSDU) based on input from the scheduling and resource multiplexing block.

· Automatic Repeat Request (ARQ): this block performs MAC ARQ function. For ARQ-enabled connections, a logical ARQ block is generated from fragmented or packed MSDUs of the same flow and sequentially numbered.
· MAC Protocol Data Unit (PDU) formation: this block constructs MAC PDU (MPDU) so that ABS/AMS can transmit user traffic or management messages into PHY channels.

The RIT protocol structure is similar to that specified in {1} with some additional functional blocks for new features including the following:

· Self organization and self-optimization functions: this block handles the procedures to request AMS to report measurements for self-configuration and self-optimization.
· Multi-carrier functions: control and operation of a number of contiguous or non-contiguous RF carriers where the RF carriers can be assigned to unicast and/or multicast and broadcast services. The overlapped guard sub-carriers of contiguous carriers are aligned in order to be used for data transmission. A single MAC instantiation is used to control physical layer spanning over multiple frequency channels. 

A generalization of the protocol structure to multi-carrier support using a single MAC instantiation is shown in Figure 5-3. The load balancing functions and RF carrier mapping and control are performed via radio resource control and management functional group. 
The carriers utilized in a multi-carrier system, from perspective of an AMS can be divided into two categories:

· A primary RF carrier is the carrier for AMS to complete network entry and is used by the ABS and the AMS to exchange traffic and full PHY/MAC control information.

· A secondary RF carrier is an additional carrier which the ABS may use for only traffic for AMSs capable of multi-carrier support.

Based on the primary and/or secondary usage and target services, the carriers of a multi-carrier system may be configured differently as follows:
· Fully configured carrier: A standalone carrier for which all control channels including synchronization,   broadcast, multicast and unicast control signalling are configured. Fully configured carrier supports both single carrier AMS and multi-carrier AMS.
· Partially configured carrier: A carrier configured for Downlink (DL) only transmission in TDD or a DL carrier without paired Uplink (UL) carrier in FDD mode. This supplementary carrier is used only in conjunction with a fully configured carrier.
Two multi-carrier operation modes are identified as follows:
· Multi-carrier aggregation: The AMS maintains the physical layer connection and monitors the control signalling on the primary carrier while processing data on the secondary carrier.
· Multi-carrier switching: The AMS switches the physical layer connection from the primary carrier to the secondary carrier that is one of partially configured carriers.
Figure 5-3

RIT Multicarrier Protocol Stack and Frame Structure {4}
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Multi-radio coexistence functions: protocols for the multi-radio coexistence where the AMS generates management messages to report the information about its co-located radio activities obtained from inter-radio interface and the ABS responds with the corresponding messages to support multi-radio coexistence operation.
5.2
AMS State Diagram

A mobile state diagram (i.e., a set of states and procedures between which the AMS transits when operating in the system to receive and transmit data) for the Reference System (See {4} for definition of the Reference System) based on common understanding of its behavior can be established as follows (see Figure 5-4):

· Initialization state: A state where an AMS without any connection performs cell selection by scanning and synchronizing to an ABS preamble and acquires system configuration information through superframe header.

· Access state: A state where the AMS performs network entry to the selected ABS. The AMS performs the initial ranging process in order to obtain UL synchronization. Then the AMS performs basic capability negotiation with the ABS. The AMS later performs the authentication and authorization procedure. Next, the AMS performs the registration process. The AMS receives specific user identification as part of Access State procedures. The IP address assignment may follow using appropriate procedures.

· Connected state: A state consisting of the following modes: 1) Sleep Mode, 2) Active Mode, and 3) Scanning Mode. During Connected State, the AMS maintains at least one transport connection and two management connections as established during Access State, while the AMS and ABS may establish additional transport connections. In addition, in order to reduce power consumption of the AMS, the AMS or ABS can request a transition to sleep mode. Also, the AMS can scan neighboring ABSs to reselect a cell which provides more robust and reliable services.

· Idle state: A state comprising two separate modes, Paging Available mode and Paging Unavailable mode. During Idle State, the AMS may attempt power saving by switching between Paging Available mode and Paging Unavailable mode. In the Paging Available mode, the AMS may be paged by the ABS. If the AMS is paged, it transitions to the Access State for its network re-entry. The AMS performs location update procedure during Idle State.

Figure 5-4

AMS State Diagram {4}
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The AMS state diagram for the RIT is similar to that of the Reference System {4} with the exception of the initialization state that has been simplified to reduce the scan latency and to enable fast cell selection or reselection. The location of the essential system configuration information is fixed so that upon successful DL synchronization, the essential system configuration information can be acquired, this would enable the AMS to make decision for attachment to the ABS without acquiring and decoding MAC management messages and waiting for the acquisition of the system parameters, resulting in power saving in the AMS due to shortening and simplification of the initialization procedure. Although both normal and fast network re-entry processes are shown as transition from the Idle State to the Access State in Figure 5-4, there are differences that differentiate the two processes. The network re-entry is similar to network entry, except it may be shortened by the Target ABS (T-ABS) possession of AMS information obtained from paging controller or other network entity over the backbone.
5.3
Overview of RIT Physical Layer

5.3.1
Multiple Access Schemes

The proposed RIT employs Orthogonal Frequency Division Multiple Access (OFDMA) as the multiple-access scheme in both DL and UL. It further supports both TDD and FDD duplex schemes including H-FDD operation of the AMSs in FDD networks. Frame structure attributes and baseband processing are common for both duplex schemes (see Table 5-1).

Table 5-1

RIT OFDMA Parameters

	Nominal channel bandwidth (MHz)
	5
	7
	8.75
	10
	20

	Sampling factor
	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling frequency (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT size
	512
	1024
	1024
	1024
	2048

	Sub-carrier spacing (kHz)
	10.94
	7.81
	9.76
	10.94
	10.94

	Useful symbol time Tu (µs)
	91.429
	128
	102.4
	91.429
	91.429

	CP

Tg=1/8 Tu
	Symbol time Ts (µs)
	102.857
	144
	115.2
	102.857
	102.857

	
	FDD
	Number of OFDM

symbols per 5ms frame
	48
	34
	43
	48
	48

	
	
	Idle time (µs)
	62.857
	104
	46.40
	62.857
	62.857

	
	TDD
	Number of OFDM

symbols per 5ms frame
	47
	33
	42
	47
	47

	
	
	TTG + RTG (µs)
	165.714
	248
	161.6
	165.714
	165.714

	CP

Tg=1/16 Tu
	Symbol time Ts (µs)
	97.143
	136
	108.8
	97.143
	97.143

	
	FDD
	Number of OFDM 
symbols per 5ms  frame
	51
	36
	45
	51
	51

	
	
	Idle time (µs)
	45.71
	104
	104
	45.71
	45.71

	
	TDD
	Number of OFDM

symbols per 5ms frame
	50
	35
	44
	50
	50

	
	
	TTG + RTG (µs)
	142.853
	240
	212.8
	142.853
	142.853

	CP

Tg=1/4 Tu
	Symbol Time Ts (µs)
	114.286
	160
	128
	114.286
	114.286

	
	FDD
	Number of OFDM

symbols per 5ms frame
	43
	31
	39
	43
	43

	
	
	Idle time (µs)
	85.694
	40
	8
	85.694
	85.694

	
	TDD
	Number of OFDM

symbols per 5ms frame
	42
	30
	37
	42
	42

	
	
	TTG + RTG (µs)
	199.98
	200
	264
	199.98
	199.98


Tone dropping at both edges of the frequency band based on 10 and 20 MHz systems can be used to support other bandwidths. 

5.3.2
Frame structure

A superframe is a collection of consecutive equally-sized radio frames whose beginning is marked with a superframe header. The superframe header carries short-term and long-term system configuration information. 

In order to decrease the air-link access latency, the radio frames are further divided into a number of subframes where each subframe comprises of an integer number of OFDMA symbols. The transmission time interval is defined as the transmission latency over the air-link and is equal to a multiple of subframe length (default is one subframe). There are four types of subframes: 1) type-1 subframe, which consists of six OFDMA symbols, 2) type-2 subframe, which consists of seven OFDMA symbols, 3) type-3 subframe which consists of five OFDMA symbols, and 4) type-4 subframe, which consists of nine OFDMA symbols.  In the basic frame structure shown in Figure 5‑5, superframe length is 20 ms (comprised of four radio frames), radio frame size is 5 ms (comprised of eight subframes), and subframe length is 0.617 ms. The use of subframe concept with the latter parameter set would reduce the one-way air-link access latency to less than 10 ms {4}. 

The concept of time zones applies to both TDD and FDD systems. These time zones are time-division multiplexed across time domain in the DL to support both AMSs and R1 MSs
. For UL transmissions both time and frequency-division multiplex approaches are supported for multiplexing of legacy and new terminals. The non-backward compatible improvements and features are restricted to the new zones. All backward compatible features and functions are used in the legacy zones. In the absence of any legacy system, the legacy zones will disappear and the entire frame will be allocated to the new zones. 

Figure 5-5

Basic Frame Structure {4}
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The legacy and new radio frames are offset by a fixed number of subframes to accommodate new features such as preambles, superframe header (system configuration information), and control channels {4}. 
Multiple RF carriers can be accommodated with the same frame structure that is used for single carrier operation. All RF carriers are time aligned at the frame, subframe, and symbol level (see Figure 5-5). Alternative frame structures for CP = 1/16 and CP = 1/4 are used that incorporate different number of OFDMA symbols per subframe or different number of subframes per frame {4}.
5.3.3
Physical and logical resource units (LRU)
A physical resource unit is the basic physical unit for resource allocation that comprises of Psc contiguous subcarriers by Nsym contiguous OFDMA symbols. Psc is 18 subcarriers and Nsym is 6, 7, 5 and 9 OFDMA symbols for type-1, type-2, type-3 and type-4 subframes. A logical resource unit is the basic logical unit for distributed and localized resource allocations. A logical resource unit comprises of Psc(Nsym subcarriers.

Distributed resource units are used to achieve frequency diversity gain. A Distributed Resource Unit (DRU) contains a group of subcarriers which are distributed within a frequency partition. The size of the distributed resource units is equal to that of physical resource unit. Localized resource units can be used to achieve frequency-selective scheduling gain. A localized resource unit comprises of a group of subcarriers which are contiguous across frequency domain. The size of the localized resource units is equal to that of the physical resource units. To form distributed and localized resource units, the subcarriers over an OFDMA symbol are partitioned into guard and used subcarriers. The DC subcarrier is not used. The used subcarriers are divided into physical resource units. Each physical resource unit contains pilot and data subcarriers. The number of used pilot and data subcarriers depends on MIMO mode, rank and number of multiplexed AMS, as well as the number of symbols within a subframe.

Figure 5-5-1

Illustration of the Downlink/Uplink Subcarrier to Resource Unit Mapping, where Pi denotes the i-th Frequency Partition
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A multi-cell resource mapping is applied to the physical resource units in the groups of physical resource units. Direct mapping is exclusively applied to localized allocations. The permuted physical resource units are distributed in frequency partitions. Each frequency partition is divided into localized and/or distributed resources. A cell-specific resource mapping is performed where the localized and distributed groups are mapped into logical resources by direct mapping of localized resource units and by subcarrier permutation of distributed resource units. The size of the distributed or localized resources is flexibly configured per sector. Adjacent sectors are not required to have the same configuration of localized and distributed resources.

In the UL, the subframes are divided into a number of frequency partitions, where each partition consists of a set of physical resource units over the available number of OFDMA symbols in the subframe. Each frequency partition can include localized and/or distributed physical resource units. The UL resource partitioning and mapping is similar to that of DL.

The UL distributed units comprise of a group of subcarriers which are distributed within a frequency partition. The size of distributed unit is equal to logical resource units. The minimum unit for constructing a distributed resource unit is a tile. For type-1 subframe, the UL tile sizes are 6 subcarriers by 6 OFDMA symbols. The tile permutation defined for the UL distributed resources spreads the tiles over a frequency partition. 
5.3.4
Modulation and coding

Figure 5-6 shows the channel coding and modulation procedures. A Cyclic Redundancy Check (CRC) is appended to a burst (i.e., a physical layer data unit) before it is further processed by burst partition. The 16-bit burst CRC is calculated based on all the bits in the burst. When the burst size including burst CRC exceeds the maximum FEC block size, the burst is partitioned into KFB FEC blocks, each of which is encoded separately. If a burst is partitioned into more than one Forward Error Correction (FEC) blocks, a FEC block CRC is appended to each FEC block before the FEC encoding. The FEC block CRC of an FEC block is calculated based on all the bits in that FEC block. Each partitioned FEC block including 16-bit FEC block CRC has the same length. The maximum FEC block size is 4800 bits. Concatenation rules are based on the number of information bits and do not depend on the structure of the resource allocation (number of logical resource units and their size).

Figure 5-6

Chanel coding procedures
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The RIT uses Convolutional Turbo Code (CTC) of rate 1/3 defined in the IEEE Std 802.16-2009 for data bursts. The structure of the IEEE Std 802.16-2009 CTC interleaver is maintained. The FEC encoder block depicted in Figure 5-6 includes the sub-block interleavers. The structure of the IEEE Std 802.16-2009 sub-block interleaver is maintained. 

Bit selection and repetition are used in the RIT to achieve rate matching. Bit selection adapts the number of coded bits to the size of the resource allocation (in QAM symbols) which may vary depending on the logical resource units and subframe type. The total subcarriers in the allocated logical resource units are segmented to each FEC block. The mother-code bits, the total number of information and parity bits generated by FEC encoder, are considered as a maximum size of circular buffer. In case that the size of the circular buffer Nbuffer is smaller than the number of mother-code bits, the first Nbuffer bits of mother-code bits are considered as selected bits. A repetition is performed when the number of transmitted bits is larger than the number of selected bits. The selection of coded bits is done cyclically over the buffer. 

Modulation constellations of QPSK, 16QAM, and 64QAM are supported as defined in IEEE Std 802.16-2009. The mapping of bits to the constellation point depends on the Constellation-Rearrangement (CoRe) version used for HARQ re-transmission as described in Section 11.13 of {4} and depends on the MIMO stream. The QAM symbols are mapped to the input of the MIMO encoder. Only the burst sizes NDB listed in Table 5-2 are supported in the physical layer. The sizes include the addition of CRC (per burst and per FEC block) when application. Other sizes require padding to the next burst size. The code rate and modulation depend on the burst size and the resource allocation. 
Table 5-2

Supported burst sizes
	index
	NDB (byte)
	KFB
	index
	NDB (byte)
	KFB
	index
	NDB (byte)
	KFB

	1
	6
	1
	23
	90
	1
	45
	1200
	2

	2
	8
	1
	24
	100
	1
	46
	1416
	3

	3
	9
	1
	25
	114
	1
	47
	1584
	3

	4
	10
	1
	26
	128
	1
	48
	1800
	3

	5
	11
	1
	27
	145
	1
	49
	1888
	4

	6
	12
	1
	28
	164
	1
	50
	2112
	4

	7
	13
	1
	29
	181
	1
	51
	2400
	4

	8
	15
	1
	30
	205
	1
	52
	2640
	5

	9
	17
	1
	31
	233
	1
	53
	3000
	5

	10
	19
	1
	32
	262
	1
	54
	3600
	6

	11
	22
	1
	33
	291
	1
	55
	4200
	7

	12
	25
	1
	34
	328
	1
	56
	4800
	8

	13
	27
	1
	35
	368
	1
	57
	5400
	9

	14
	31
	1
	36
	416
	1
	58
	6000
	10

	15
	36
	1
	37
	472
	1
	59
	6600
	11

	16
	40
	1
	38
	528
	1
	60
	7200
	12

	17
	44
	1
	39
	600
	1
	61
	7800
	13

	18
	50
	1
	40
	656
	2
	62
	8400
	14

	19
	57
	1
	41
	736
	2
	63
	9600
	16

	20
	64
	1
	42
	832
	2
	64
	10800
	18

	21
	71
	1
	43
	944
	2
	65
	12000
	20

	22
	80
	1
	44
	1056
	2
	66
	14400
	24


Incremental Redundancy Hybrid-ARQ (HARQ IR) is used in the RIT by determining the starting position of the bit selection for HARQ retransmissions. Chase Combining is supported and treated as a special case of IR. The 2-bit Sub-Packet Identifier (SPID) is used to indicate the starting position. Constellation Re-arrangement (CoRe) is supported by the RIT.   The CoRe can be expressed by a bit-level interleaver within a tone. Two CoRe versions are supported. The resource allocation and transmission formats in each retransmission in DL can be adaptive according to control signalling. The resource allocation in each retransmission in UL can be fixed or adaptive according to control signalling. In HARQ re-transmissions, the bits or symbols can be transmitted in a different order to exploit the frequency diversity of the channel.

For HARQ retransmission, the mapping of bits or modulated symbols to spatial streams may be applied to exploit spatial diversity with given mapping pattern, depending on the type of HARQ IR. In this case, the predefined set of mapping patterns should be known to both transmitter and receiver. In DL HARQ, the ABS may transmit coded bits exceeding current available soft buffer capacity. The RIT supports a basic ACK/NACK channel to transmit 1-bit feedback.
5.3.5
Pilot structure

Transmission of pilot subcarriers in DL is necessary to allow channel estimation, channel quality measurement (e.g., CQI), frequency offset estimation, etc. The RIT supports both common and dedicated pilot structures. The common pilots can be used by all AMSs. Dedicated pilots can be used with both localized and distributed allocations. The dedicated pilots are associated with a specific resource allocation and can be only used by the AMSs assigned to the specific resource allocation; therefore, they can be precoded or beamformed in the same way as the data subcarriers of the resource allocation. The pilot structure is defined for up to eight transmission streams and there is a unified design for common and dedicated pilots in the type-1 subframe (see Figure 5-7). For the type 2 and type 3 subframes, one of OFDMA symbols is deleted or repeated. For the pilot structure of 1 and 2 streams, to overcome the effects of pilot interference among the neighboring sectors or ABSs, an interlaced pilot structure is utilized by cyclically shifting the base pilot pattern such that the pilots of neighboring cells do not overlap. 

The UL pilots are dedicated to localized and distributed resource units and are precoded using the same precoding as the data subcarriers, if necessary. The UL pilot structure is defined for up to 4 spatial streams with orthogonal patterns. The Psc(Nsym UL resource units use the same pilot patterns as the DL counterpart for up to 4 spatial streams. For the type-1 subframe, the pilot pattern for 6x6 tile structure is different as shown in Figure 5-7. 

Figure 5-7

DL/UL Pilot Structures for 1, 2, and 4 Streams in type-1 subframe
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5.3.6
Control channels

5.3.6.1
DL Control channels

The superframe header carries essential system parameters and configuration information. The content of superframe header is divided into two segments; i.e., primary and secondary superframe headers. The information transmitted in secondary superframe header is further divided into different sub-packets. The primary superframe header is transmitted every superframe, whereas the secondary superframe header is transmitted over one or more superframes. The primary and secondary superframe headers are located in the first subframe within a superframe and are time-division-multiplexed with the advanced preamble. The superframe header occupies narrower bandwidth relative to the system bandwidth (i.e., 5 MHz bandwidth). The primary superframe header is transmitted using predetermined modulation and coding scheme. The secondary superframe header is transmitted using predetermined modulation scheme while its repetition coding factor is signaled in the primary superframe header. The primary and secondary superframe headers are transmitted using two spatial streams and space-frequency block coding to improve coverage and reliability. The AMS is not required to know the antenna configuration prior to decoding the primary superframe header {4}. The information transmitted in the secondary superframe header is divided into different sub-packets. The secondary superframe header Sub-Packet 1 (SP1) includes information needed for network re-entry. The secondary superframe header Sub-Packet 2 (SP2) contains information for initial network entry. The secondary superframe header Sub-Packet 3 (SP3) contains remaining system information for maintaining communication with the ABS.
The advanced MAP (i.e., unicast control information) consists of both user-specific and non-user-specific control information. Non-user-specific control information includes information that is not dedicated to a specific user or a specific group of users. It contains information required to decode user-specific control signaling. Non-user-specific control information that is not carried in the superframe header may be included in this category. 

User specific control information consists of information intended for one or more users. It includes scheduling assignment, power control information, and HARQ feedback. Resources can be allocated persistently to the AMSs. The periodicity of the allocation is configurable. Group control information is used to allocate resources and/or configure resources to one or multiple AMSs within a user group. Each group is associated with a set of resources. Voice over IP (VoIP) is an example of the class of services that can take advantage of group messages. Within a subframe, control and data channels are frequency-division-multiplexed. Both control and data channels are transmitted on logical resource units that span over all OFDMA symbols within a subframe {4}.

Each DL subframe contains a control region including both non-user-specific and user-specific control information. All advanced MAPs share a physical time-frequency region called A-MAP region. The control regions are located in every subframe. The corresponding UL allocations occurs L subframes later, where L is determined by A-MAP relevance. Coding rate of the control blocks are known to the AMS by group size indication in non-user-specific control information in order to reduce the complexity of blind detection by the AMS.

An Advanced MAP (A-MAP) allocation Information Element (IE) is defined as the basic element of unicast service control.  A unicast control IE may be addressed to one user using a unicast identifier or to multiple users using a multicast/broadcast identifier.  The identifier is masked with CRC in the advanced MAP allocation information element. It may contain information related to resource allocation, HARQ, MIMO transmission mode etc. Each unicast control information element is coded separately. Note that this method is different from the legacy system control mechanism where the information elements of all users are jointly coded. Non-user-specific control information is encoded separately from the user-specific control information. The transmission format of non-user-specific control information is predetermined. In the DL subframes, each frequency partition may contain an A-MAP region. An A-MAP region occupies the first few distributed resource units in a frequency partition. The structure of an A-MAP region is illustrated in Figure 5-8. The resource occupied by each A-MAP physical channel may vary depending on the system configuration and scheduler operation. There are different types of A-MAPs as follows: 

· Assignment A-MAP (A-A-MAP) contains resource assignment information which is categorized into multiple types of resource assignment IEs. Each assignment A-MAP IE is coded separately and car​ries information for one or a group of users. The size of the assignment A-MAP is indicated by non-user-specific A-MAP.
· HARQ Feedback A-MAP (HF-A-MAP) contains HARQ ACK/NACK information for UL data transmission.
· Power Control A-MAP includes fast power control command to AMSs.

There are different A-A-MAP IE types that distinguish between DL/UL, per​sistent/non-persistent, single user/group resource allocation, basic/extended IE scenarios.
Figure 5-8

A-MAP Location and Structure (Example)
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5.3.6.2
UL Control channels

The UL control channels carry various types of control information to support air interface procedures. The information carried in the UL control channels is classified as shown in Table 5-3.
Table 5-3

UL Control channels

	UL Control Channel
	Description

	MIMO Feedback
	MIMO feedback provides wideband and/or narrowband spatial characteristics of the channel that are required for MIMO operation. The MIMO mode, precoder matrix index, rank adaptation information, channel covariance matrix elements, and channel sounding are examples of MIMO feedback information.

	HARQ Feedback
	HARQ feedback (ACK/NACK) is used to acknowledge DL data transmissions. The UL HARQ feedback channel starts at a predetermined offset with respect to the corresponding DL transmission. The HARQ feedback channel is frequency-division-multiplexed with other control and data channels.

	Bandwidth Request
	Bandwidth requests are used to indicate the amount of bandwidth required by an AMS and are transmitted through indicators or messages. Contention or non-contention based random access is used to transmit bandwidth request information. A five-step regular procedure or an optional three-step quick access procedure is utilized.

	Channel Quality Indicators


	Channel quality feedback provides information about channel conditions as seen by the AMS. This information is used by the ABS for link adaptation, resource allocation, power control, etc. There are two types of UL fast feedback control channels: a) primary and b) secondary fast feedback channels. The primary fast feedback channel provides wideband feedback information including channel quality and MIMO feedback and best-1 narrowband CQI and MIMO feedback information. The secondary fast feedback control channel carries narrowband CQI and MIMO feedback information. 


	UL Sounding Channel
	The sounding channel is used by a user terminal to transmit sounding reference signals to enable the ABS to measure UL channel conditions. The sounding channel occupies either specific UL sub-bands or the entire bandwidth over an OFDMA symbol. 

	Ranging Channel
	The ranging channel is used for UL synchronization. The ranging channel can be further classified into ranging for non-synchronized and synchronized AMSs. A random access procedure, which can be contention or non-contention based is used for ranging. The contention-based random access is used for initial ranging, periodic ranging, and handover. The non-contention based random access is used for handover. The ranging channel for non-synchronized AMSs is frequency-division multiplexed with other UL control and data channels.

	Power Control
	The ABS controls the transmit power per subframe and per user in the DL and UL. The DL advanced MAPs are power-controlled based on the terminal UL channel quality feedback. The per-pilot-subcarrier and per-data-subcarrier power can jointly be adjusted for adaptive DL power control. The UL power control is supported to compensate the path loss, shadowing, fast fading and implementation loss as well as to mitigate inter-cell and intra-cell interference levels. The UL power control includes open-loop and closed-loop power control mechanisms. 


5.3.7
Advanced preambles

The RIT utilizes a new hierarchical structure for the DL synchronization where two sets of preambles at superframe and frame intervals are transmitted (Figure 5-9). The first set of preamble sequences mark the beginning of the superframe and are common to a group of sectors or cells. The primary advanced preamble carries infor​mation about system bandwidth and carrier configuration. The primary advanced preamble has a fixed bandwidth of 5 MHz and can be used to facilitate location-based services. A frequency reuse of one is applied to the primary advanced preamble in frequency domain. The second set of advanced preamble sequences (secondary advanced preamble) is repeated every frame and spans the entire system bandwidth and carries the cell ID. A frequency reuse of three is used for this set of sequences to mitigate inter-cell interference. The secondary advanced preambles carry 768 distinct cell IDs. Secondary advanced preamble sequences are partitioned and each partition is dedicated to specific ABS type such as macro ABS, femto ABS, etc. The partition information is broadcast in the secondary superframe header.
Figure 5-9

Example Structure of Advanced Preambles 
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5.3.8
Multi-antenna techniques 

5.3.8.1
DL MIMO Structure

The RIT supports several advanced multi-antenna techniques including single and multi-user MIMO (spatial multiplexing and beamforming) as well as a number of transmit diversity schemes. In single-user MIMO (SU-MIMO) scheme only one user can be scheduled over one resource unit, while in multi-user MIMO (MU-MIMO), multiple users can be scheduled in one resource unit {10}. Vertical encoding (or single codeword) utilizes one encoder block (or layer), whereas horizontal encoding (or multi-codeword) uses multiple encoders (or multiple layers). Each of various SU-MIMO or MU-MIMO open-loop or closed-loop schemes is defined as a MIMO mode.
Figure 5-10

Illustration of Downlink MIMO Structure {4}
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The DL MIMO transmitter structure is shown in Figure 5-10. The encoder block contains the channel encoder, interleaving, rate-matching, and modulating blocks per layer. A layer is defined as an encoding and modulation input path to the MIMO encoder. The resource mapping block maps the complex-valued modulation symbols to the corresponding time-frequency resources. The MIMO encoder block maps the layers onto the streams, which are further processed through the beamforming or the precoder block. The beamforming/precoding block maps the streams to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. The OFDMA symbol construction block maps antenna-specific data to the OFDMA symbols. The feedback block contains feedback information such as CQI or Channel State Information (CSI) from the AMS. Table 5-4 contains information on various MIMO modes supported by the RIT.
Table 5-4

DL MIMO Modes

	Mode index
	Description
	MIMO encoding format
	MIMO precoding

	Mode 0
	Open-loop SU-MIMO
	SFBC
	non-adaptive

	Mode 1
	Open-loop SU-MIMO (spatial multiplexing)
	Vertical encoding
	non-adaptive

	Mode 2
	Closed-loop SU-MIMO (spatial multiplexing)
	Vertical encoding
	adaptive

	Mode 3
	Open-loop MU-MIMO (spatial multiplexing)
	Horizontal encoding
	non-adaptive

	Mode 4
	Closed-loop MU-MIMO (spatial multiplexing)
	Horizontal encoding
	adaptive

	Mode 5
	Open-loop SU-MIMO (TX diversity)
	Conjugate Data Repetition
	non-adaptive


The minimum antenna configuration in the DL and UL is 2x2 and 1x2, respectively. For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams is constrained to the minimum of number of transmit or receive antennas. For open-loop transmit diversity modes, the number of streams depends on the Space-Time Coding (STC) schemes that are used by the MIMO encoder. The MU-MIMO can support up to 2 streams with 2 transmit antennas and up to 4 streams for 4 and 8 transmit antennas. Table 5-5 summarized DL MIMO parameters for various MIMO modes.  

Table 5-5

DL MIMO Parameters

	
	Number of transmit antennas

Nt
	STC rate per layer

R
	Number of streams

Mt
	Number of subcarriers

NF
	Number of layers

L

	MIMO mode 0
	2
	1
	2
	2
	1

	
	4
	1
	2
	2
	1

	
	8
	1
	2
	2
	1

	MIMO mode 1 and MIMO mode 2
	2
	1
	1
	1
	1

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1

	
	4
	4
	4
	1
	1

	
	8
	1
	1
	1
	1

	
	8
	2
	2
	1
	1

	
	8
	3
	3
	1
	1

	
	8
	4
	4
	1
	1

	
	8
	5
	5
	1
	1

	
	8
	6
	6
	1
	1

	
	8
	7
	7
	1
	1

	
	8
	8
	8
	1
	1

	MIMO mode 3 and MIMO mode 4
	2
	1
	2
	1
	2

	
	4
	1
	2
	1
	2

	
	4
	1
	3
	1
	3

	
	4
	1
	4
	1
	4

	
	8
	1
	2
	1
	2

	
	8
	1
	3
	1
	3

	
	8
	1
	4
	1
	4

	MIMO mode 5
	2
	1/2
	1
	2
	1

	
	4
	1/2
	1
	2
	1

	
	8
	1/2
	1
	2
	1


For SU-MIMO, vertical encoding is utilized, whereas for MU-MIMO horizontal encoding is employed at the ABS and only one stream is transmitted to each AMS. The stream to antenna mapping depends on the MIMO scheme that is used. CQI and rank feedback are transmitted to assist the ABS in rank adaptation, mode switching, and rate adaptation. For spatial multiplexing, the rank is defined as the number of streams to be used for each user. In FDD and TDD systems, unitary codebook based precoding is used for closed-loop SU-MIMO. An AMS may feedback some information to the ABS in closed-loop SU-MIMO such as rank, sub-band selection, CQI, Precoding Matrix Index (PMI), and long-term channel state information.

The MU-MIMO transmission with one stream per user is supported. The MU-MIMO schemes include 2 transmit antennas for up to 2 users, and 4 and 8 transmit antennas for up to 4 users. Both unitary and non-unitary MU-MIMO schemes are supported by the RIT. If the columns of the precoding matrix are orthogonal to each other, it is defined as unitary MU-MIMO. Otherwise, it is defined as non-unitary MU-MIMO {10}. Beamforming is enabled with this precoding mechanism. 
The RIT has the capability to adapt between SU-MIMO and MU-MIMO in a predefined and flexible manner. Multi-ABS MIMO techniques are also supported for improving sector and cell-edge throughput using multi-ABS collaborative precoding, network coordinated beamforming, or inter-cell interference cancellation. Both open-loop and closed-loop multi-ABS MIMO techniques are under consideration.  
5.3.8.2
UL MIMO

The block diagram of UL MIMO transmitter is illustrated in Figure 5-11. Note the similarities of MIMO baseband processing in the DL and UL.  
Figure 5-11

Illustration UL MIMO Structure {4}
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The ABS will schedule users to resource blocks and determines the Modulation and Coding Scheme (MCS) level and MIMO parameters (mode, rank, etc.). The supported antenna configurations include 1, 2, or 4 transmit antennas and more than two receive antennas. In the UL, the AMS measurements of the channel are based on DL reference signals (e.g., common pilots or a mid-amble). UL MIMO modes and parameters are contained in Table 5-6 and Table 5-7.
Table 5-6

UL MIMO Modes

	Mode index
	Description
	MIMO encoding format
	MIMO precoding

	Mode 0
	Open-loop SU-MIMO
	SFBC
	non-adaptive

	Mode 1
	Open-loop SU-MIMO (spatial multiplexing)
	Vertical encoding
	non-adaptive

	Mode 2
	Closed-loop SU-MIMO (spatial multiplexing)
	Vertical encoding
	adaptive

	Mode 3
	Open-loop Collaborative spatial Multiplexing (MU-MIMO)
	Vertical encoding
	non-adaptive

	Mode 4
	Closed-loop Collaborative spatial Multiplexing (MU-MIMO)
	Vertical encoding
	adaptive


Table 5-7

UL MIMO Parameters

	
	Number of transmit antennas

Nt
	STC rate per layer

R
	Number of streams

Mt
	Number of subcarriers

NF
	Number of layers

L

	MIMO mode 0
	2
	1
	2
	2
	1

	
	4
	1
	2
	2
	1

	MIMO mode 1 and MIMO mode 2
	2
	1
	1
	1
	1

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1

	
	4
	4
	4
	1
	1

	MIMO mode 3 and MIMO mode 4
	2
	1
	1
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1


A number of antenna configurations and transmission rates are supported in UL open-loop SU-MIMO including 2 and 4 transmit antennas with rate 1 (i.e., transmit diversity mode), 2 and 4 transmit antennas with rates 2, 3, and 4 (i.e., spatial multiplexing). The supported UL transmit diversity modes include 2 and 4 transmit antenna schemes with rate 1 such as Space Frequency Block Coding (SFBC) and rank 1 precoder.

The multiplexing modes supported for open-loop single-user MIMO include 2 and 4 transmit antenna rate 2 schemes with and without precoding, 4 transmit antenna rate 3 schemes with precoding, 4 transmit antenna rate 4 scheme. In FDD and TDD systems, unitary codebook-based precoding is supported. In this mode, an AMS transmits a sounding reference signal in the UL to assist the UL scheduling and precoder selection in the ABS. The ABS signals the resource allocation, MCS, rank, preferred precoder index, and packet size to the AMS.

UL MU-MIMO enables multiple AMSs to be spatially multiplexed on the same radio resources. Both open-loop and closed-loop MU-MIMO are supported. The AMSs with single transmit antenna can operate in open-loop MU-MIMO mode. Unitary codebook-based precoding is supported for both TDD and FDD.   
5.4
Overview of the RIT MAC Layer

The following sections briefly describe selected MAC features of the RIT.
5.4.1
MAC Addressing

The RIT defines permanent and temporary addresses for an AMS that identify the user and its connections during operation.  The AMS is identified by a unique 48-bit identifier.  The AMS is further assigned the following temporary identifiers: 1) A station identifier during network entry (or network re-entry) that uniquely identifies the AMS within the cell, and 2) a flow identifier that uniquely identifies the management and transport connections with the AMS. 
5.4.2 
Network Entry

Network entry is the procedure through which an AMS detects a cellular network and establishes a connection with that network. The network entry has the following steps (see Figure 5-4):

· Synchronization with the ABS by acquiring the preambles

· Acquiring necessary system information such as ABS and network service provider identifiers for initial network entry and cell selection. 

· Initial ranging

· Basic capability negotiation

· Authentication/authorization and key exchange
· registration and service flow setup
Neighbor search is based on the same DL signals as initial network search except some information is provided via neighbor advertisement messages by the Serving-ABS (S-ABS).
5.4.3 
Connection Management

Connections are identified by the combination of station identifier and flow identifier. Two types of connections (i.e., management and transport connections) are specified. Management connections are used to carry MAC management messages. Transport connections are used to carry user data including upper layer signalling messages and data-plane signalling such as ARQ feedback. Fragmentation and augmentation of the MAC SDUs are supported on transport connections. 

Management connection is bidirectional and predefined values of flow identifier are reserved for unicast management connection(s). Management connections are automatically established after station identifier is assigned to an AMS during initial network entry. Transport connection, on the other hand, is unidirectional and is established with unique flow identifier assigned during service flow establishment procedure. Each active service flow is uniquely mapped to a transport connection.
5.4.4 
Quality of Service (QoS)
The MAC layer assigns a unidirectional flow of packets with specific QoS requirements with a service flow. A service flow is mapped to a transport connection with a flow identifier. The QoS parameter set is negotiated between the ABS and the AMS during the service flow setup/change procedure. The QoS parameters can be used to schedule traffic and allocate radio resource. The UL traffic may be regulated based on the QoS parameters. The RIT supports adaptation of service flow QoS parameters. The AMS and ABS negotiate possible QoS parameter sets during service flow setup. 
5.4.5 
MAC Management Messages 

To satisfy the latency requirements for network entry, handover, and state transition, the RIT supports fast and reliable transmission of MAC management connections. The transmission of MAC management messages using HARQ is supported where retransmissions can be triggered by an unsuccessful outcome from the HARQ entity in the transmitter. The MAC management message can be fragmented and only unsuccessful fragments are retransmitted if the HARQ of the message fragment fails. If MAC management message is fragmented into multiple MAC service data units, only unsuccessful fragments are retransmitted. 
5.4.6 
MAC Header

The RIT specifies a number of efficient MAC headers for various applications comprising of fewer fields with shorter size compared to IEEE Std 802.16-2009 generic MAC header. The new generic MAC header consists of Extended Header Indicator, Flow Identifier, and Payload Length fields. Other MAC header types include one-byte compact header that is used for connections with persistent allocation and group allocation, Fragmentation and packing extended header for transport connections, Fragmentation extended header for management connections, and Multiplexing extended header that is used when SDUs or SDU fragments from different connections are included in the same MPDU {4}.
5.4.7 
ARQ and HARQ Functions

An ARQ block is generated from one or multiple MAC SDUs or MAC SDU fragment(s). ARQ blocks can be variable in size and are sequentially numbered. If the HARQ entity in the transmitter determines that the HARQ process was terminated with an unsuccessful outcome, the HARQ entity in the transmitter informs the ARQ entity in the transmitter about the failure of the HARQ burst. The ARQ entity in the transmitter can then initiate retransmission and re-segmentation of the appropriate ARQ blocks.

The RIT uses adaptive asynchronous and non-adaptive synchronous HARQ schemes in the DL and UL, respectively. The HARQ operation is relying on an N-process (multi-channel) stop-and-wait protocol. In adaptive asynchronous HARQ, the resource allocation and transmission format for the HARQ retransmissions may be different from the initial transmission. A non-adaptive synchronous HARQ scheme is used in the UL where the parameters and the resource allocation for the retransmission are known a priori.
5.4.8 
Mobility Management and Handover

The RIT supports both network-controlled and AMS-controlled handover (HO). The AMS executes the handover as directed by the ABS or cancels the procedure through HO cancellation message. The AMS may also maintain communication with S-ABS while performing network re-entry at T‑ABS as directed by S-ABS. Figure 5-12 illustrates the general HO procedure. 
Figure 5-12

General handover procedure {4}
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The handover procedure is divided into three stages 1) HO initialization, 2) HO preparation, and 3) HO execution. Upon completion of HO execution, the AMS is ready to perform network re-entry with the T-ABS. In addition, HO cancellation procedure is defined to allow AMS to cancel a HO procedure {4}. 

The HO preparation is completed when the S-ABS informs the AMS of its handover decision via a HO control command. The control signalling includes an action time for the AMS to start network re-entry with the T-ABS and an indication whether the AMS should maintain communication with the S-ABS during network re-entry. If communication cannot be maintained between AMS and the S-ABS during network re-entry, the S-ABS stops allocating resources to the AMS for transmission in action time. If directed by S-ABS via HO control command, the AMS performs network re-entry with the T-ABS during action time while continuously communicating with the S-ABS. The AMS cannot exchange data with the T-ABS prior to completion of network re-entry.
5.4.9 
Power management

Sleep mode is a state in which an AMS performs pre-negotiated periods of absence from the S-ABS. Using the sleep mode, the AMS is provided with a series of alternative listening and sleep windows. The listening window is the time interval in which the AMS is available for transmit/receive of control signalling and data. The RIT has the capability of dynamically adjusting the duration of sleep and listening windows within a sleep cycle based on changing traffic patterns and HARQ operations. When the AMS is in active mode, sleep parameters are negotiated between the AMS and the ABS. The ABS instructs the AMS to enter sleep mode. MAC management messages can be used for sleep mode request/response {1}. The period of sleep cycle is measured in units of frames or superframes and is the sum of a sleep and listening windows. During the AMS listening window, the ABS may transmit the traffic indication message intended for one or multiple AMSs {4}. 

Idle mode allows the AMS to become periodically available for DL broadcast traffic messaging such as paging message without registration with the network. The network assigns AMSs in the idle mode to a paging group during idle mode entry or location update. The AMS monitors the paging message during listening interval. The start of paging listening interval is calculated based 
on paging cycle and paging offset {4}. The S-ABS transmits the list of paging group identifiers at the predetermined location at the beginning of the paging available interval. The paging message contains identification of the AMSs to be notified of pending traffic or location update. 
5.4.10 
Security

Security functions provide subscribers with privacy, authentication, and confidentiality across the RIT network. The MAC packet data units are encrypted over the connections between the AMS and the ABS. Figure 5-13 shows the functional blocks of the RIT security architecture.
Figure 5-13

Functional blocks of the RIT security architecture
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The security architecture is divided into security management and encryption and integrity logical entities. The security management functions include overall security management and control, EAP encapsulation/de-encapsulation, Privacy Key Management (PKM) control, security association management, and identity/location privacy. The encryption and integrity protection entity functions include user data encryption and authentication, management message authentication, and message confidentiality protection {4}.
6
Description templates 
6.1
Description template – characteristics

This section provides itemized description of various features and functionalities of the radio access technology as a proposed RIT for IMT-Advanced. To maintain continuity and improve readability of the responses, a brief answer for each question has been provided. References have been made to {4} (which is also attached as Annex 2 in Part 3 for convenience).
	Item
	Item to be described

	4.2.3.2.1
	Test environment(s)

	4.2.3.2.1.1
	What test environments (described in Report ITU-R M.2135) does this technology description template address?

The proposed RIT addresses all four of the ITU-R M.2135 test environments; i.e., Indoor, Microcellular, Macro-cellular (base coverage urban), and High speed test environments. 

	4.2.3.2.2
	Radio interface functional aspects

	4.2.3.2.2.1
	Multiple access schemes

Which access scheme(s) does the proposal use: TDMA, FDMA, CDMA, OFDMA, IDMA, SDMA, hybrid, or another? Describe in detail the multiple access schemes employed with their main parameters.

The proposed RIT uses scalable OFDMA for both DL and UL multiple access. It further supports SDMA (alternatively known as Multi-User MIMO) in the DL and UL, where two or more users share the time-frequency radio resources (see item 4.2.3.2.9 for more details). 
The OFDMA parameters depend on the transmission bandwidth and duplexing scheme and are provided in Table 4 in Section 11.3 of {4}.

The OFDMA parameters of the proposed RIT can support various propagation environments including large delay spread and large Doppler spread channels. 

	4.2.3.2.2.2
	Modulation scheme

	4.2.3.2.2.2.1
	What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.

Describe the modulation scheme employed for data and control information.

The data and MAC management messages are modulated using QPSK, 16QAM, or 64QAM.

The L1/L2 control signals are modulated using BPSK or QPSK.
The proposed RIT consists of the following physical channels in the DL and UL (a physical channel is defined as a set of dedicated physical resources with specific transmission format and physical layer processing):
DL
· Primary and secondary preambles

· Primary and secondary superframe headers

· Non-user specific and user-specific A-MAPs for transmission of DL control channels (resource allocation, power control, and HARQ ACK/NACK)

· DL shared channel (transmission of user traffic)

· Multicast and broadcast channel (transmission of Enhanced MBS (E-MBS) traffic)

· Multicast and broadcast control channel (transmission of E-MBS control channels)

UL
· UL control channels (Primary and secondary CQI, Sounding, Initial and Periodic Ranging, Bandwidth request, HARQ ACK/NACK)

· UL shared channel (transmission of user traffic)

More details:
DL control: See Section 11.7 of {4}
UL control: See Section 11.9 of {4}
DL/UL Traffic: See Section 11.5 and 11.6 of {4}

Summary:

Table 6-1: Summary of modulation and coding schemes

Control/

Traffic Channels

Permissible MCS

Permissible MIMO Schemes

Description

DL

Control

P-SFH: QPSK TBCC 1/4 with repetition 6
S-SFH: QPSK TBCC 1/4 with repetition 

(Repetition factor determined by P-SFH)

A-MAP: Two sets of MCSs can be used:

1) QPSK 1/2 and 1/4

2) QPSK 1/2 and 1/8

with TBCC 1/4

See Section 11.7 of {4} for more details

Open-loop SU-MIMO (Two Stream SFBC)

See Section 11.8 of {4} for more details

The control channels in the DL include Primary and Secondary SFH, DL/UL A-MAPs including Assignment, Power Control, and HARQ feedback A-MAPs.

Traffic

See Section   11.5 of {4} for more details

Various Open-loop or Closed-loop SU-MIMO or MU-MIMO with and without precoding using 2x2, 4x2, 4x4, 8x2, 8x8 antenna configurations

See Section 11.8 of {4} for more details

DL traffic channels for transmission of user data and MAC management messages

UL

Control

Primary Fast Feedback Channel: BPSK with semi-orthogonal sequences

Secondary Fast Feedback Channel: QPSK

HARQ feedback: BPSK with orthogonal sequence

Ranging: Zadoff-Chu sequence 
Bandwidth request: Message: QPSK

Preamble: BPSK 
Sounding: Golay 
sequence 
RX diversity or CDD if it is transparent to ABS
See Section 11.12 of {4} for more details

The control channels in the UL include Primary and Secondary CQI, HARQ feedback, Ranging and Bandwidth request, Sounding

Traffic

See Section   11.6 of {4} for more details

Various Open-loop or Closed-loop SU-MIMO or MU-MIMO with and without precoding

See Section 11.12 of {4}  for more details

UL Traffic channels for transmission of user data and MAC management messages

The proposed RIT supports convolutional code and convolutional turbo code as the mandatory forward error correcting schemes.  See Section 11.3 of {4} for more details.
The spreading modulation does not apply; however, the performance of adaptive modulation generally suffers from the power inefficiencies of multilevel modulation formats. This is due to the variations in bit reliabilities caused by the bit-mapping onto the signal constellation. To overcome this issue, a constellation-rearrangement scheme is utilized where signal constellation of modulation symbols between retransmissions is rearranged; i.e., the mapping of the bits onto the complex-valued symbols between successive HARQ retransmissions is changed, resulting in averaging bit reliabilities over several retransmissions and lower packet error rates. The mapping of bits to the constellation point depends on the constellation-rearrangement type used for HARQ re-transmissions and may also depend on the MIMO scheme.

What is the symbol rate after modulation?

Useful symbol time is 91.4 µs for 5, 10 and 20 MHz channel bandwidths.

Assuming the cyclic prefix (CP) size of 1/16, the symbol rate after modulation can be calculated as 61.8 kbps per subcarrier.

	4.2.3.2.2.2.2
	PAPR

What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT.

The PAPR is not uniquely derivable from the underlying protocol. A wide range of PAPR reduction algorithms are consistent with full interoperability in accordance with the specifications. Without any such reduction schemes, DL or UL PAPR equals 8.4 dB (99.9%) (note that OFDMA is used in the DL and UL of the proposed RIT.)  

In the proposed RIT, a hopping/permutation sequence is defined for the power optimized UL resource allocations that spreads the hopping units across frequency that helps reduce the UL PAPR (see Section 11.6.2.3 of {4}).  However, any PAPR-reduction algorithm is implementation specific.

	4.2.3.2.2.3
	Error control coding scheme and interleaving

	4.2.3.2.2.3.1
	Provide details of error control coding scheme for both downlink and uplink?

For example,

· FEC or other schemes? 

· Unequal error protection?       

Explain the decoding mechanism employed.

The RIT does not support any unequal error protection schemes.

The RIT does not mandate use of any specific decoder.  However, conventional CTC and CC decoders with soft decision decoding can be used.
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Figure 6-1: Channel coding procedures

Description of Channel Coding in the Proposed RIT:
The proposed RIT uses CTC of code rate 1/3 with specified CTC inner interleaver parameters for a variety of FEC block sizes. 

A burst CRC is appended to a burst before the burst is further processed by burst partition. The burst CRC is calculated based on all the bits in the burst. When the burst size including burst CRC exceeds the maximum FEC block size, the burst is partitioned into a number of smaller blocks, each of which is encoded separately. If a burst is partitioned into more than one FEC blocks, an FEC block CRC is appended to each FEC block before the FEC encoding. The FEC block CRC of an FEC block is calculated based on all the bits in that FEC block. The maximum FEC block size is 4800 bits. Concatenation rules are based on the number of information bits and do not depend on the structure of the resource allocation 

Bit selection and repetition are used in the proposed RIT to achieve rate matching. Bit selection adapts the number of coded bits to the size of the resource allocation (in QAM symbols) which may vary depending on the resource unit and subframe type. The total subcarriers in the allocated logical resource units are segmented to each FEC block. Mother code bits, the total number of information and parity bits generated by FEC encoder, are considered as a maximum size of circular buffer. In case that the size of the circular buffer  is smaller than the number of mother code bits, the first  bits (equal to the size of circular buffer) of mother code bits are considered as selected bits. Repetition is performed when the number of transmitted bits is larger than the number of selected bits. The selection of coded bits is done cyclically over the buffer. 

For traffic channels: Rate 1/3 Convolutional Turbo Coder (CTC), combined with rate matching based on puncturing/repetition to achieve a desired overall code rate.
For control channels: Rate-1/4 tail-biting convolutional coding. Special block codes for some UL L1/L2 control signaling.
For more details, see Section 11.13 of {4}. 
Decoding mechanism is implementation specific.

	4.2.3.2.2.3.2
	Describe the bit interleaving scheme for both uplink and downlink.

Bit interleaving scheme is the same for both UL and DL. CTC inner interleaver and sub-block interleaver are used in CTC encoder. 

Bit interleaving is performed as part of the encoding/rate-matching process. The details of the convolutional interleaver can be found in Section 11.13 of {4}. 

	4.2.3.2.3


	Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile.

DL
The proposed RIT uses OFDMA for DL/UL access. Pilot subcarriers are used for channel estimation, measurements of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize the system performance in different propagation environments and applications, the proposed RIT supports both common and dedicated pilot structures. The common pilots can be used by all AMSs. Dedicated pilots can be used with both localized and distributed allocations.  Pilot subcarriers that can be used only by a group of AMSs are a special case of common pilots. The dedicated pilots are associated with a specific resource allocation, can be only used by the AMSs allocated to said specific resource allocation, and therefore can be precoded or beam formed in the same way as the data subcarriers of the resource allocation. The pilot structure is defined for up to 8 transmission (TX) streams and there is a unified pilot pattern design for common and dedicated pilots. There is equal pilot density per TX stream, while there is not necessarily equal pilot density per OFDMA symbol of the DL subframe. Further, within the same subframe there is equal number of pilots for each physical resource unit of a data burst assigned to one AMS.

UL
Pilot subcarriers are used for channel estimation, measurement of channel quality indicators such as SINR, frequency offset and timing offset estimation, etc. The UL pilots are dedicated to localized and distributed resource units and are precoded using the same precoding as the data subcarriers of the resource allocation. The pilot structure is defined for up to 4 TX streams with orthogonal patterns. The DL 18x6 pilot patterns defined for the DL are used for UL 18x6 pilots, which include pilots up to 4 TX streams. For 6x6 UL tile, the UL pilot pattern, which supports up to 2 TX streams, is used for distributed resource units. For 4x6 tile the UL pilot pattern is used in legacy support zone for supporting up to 2 TX streams. 

The RIT also provides for UL channel sounding as a means for the ABS to determine UL channel response for the purpose of UL closed-loop MIMO transmission and UL scheduling. In TDD systems, the ABS can also use the esti​mated UL channel response to perform DL closed-loop transmission to improve system throughput, cover​age and link reliability. In this case ABS can translate the measured UL channel response to an estimated DL channel response when the transmitter and receiver hardware of ABS and AMS are appropriately calibrated. The sounding signal occupies a single OFDMA symbol in the UL sub-frame. See Section 11.5.3 and 11.6.3 of {4] for details.

As explained earlier the use of pilot sub-carriers (or alternatively known as reference signals) would allow the RIT to estimate the transmission channel and adapt the transmission parameters to maximize the data rates and to ensure robustness of the link under varying channel conditions.

See Section 11.5.3 and 11.6.3 of {4] for more details on pilot structure.

	4.2.3.2.4
	Physical channel structure and multiplexing

	4.2.3.2.4.1
	What is the physical channel bit rate (Mbit/s) for supported bandwidths?

i.e., the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.

The physical channel bit rate depends on the modulation scheme and number of streams that are spatially multiplexed on a layer for SU-MIMO. The physical channel bit rate per stream per Resource Unit (RU) can be expressed as follows:

Rstream = Nmod x NRU x 185 kbps/RU

Where Nmod is the number of bits per modulation symbol for the applied modulation scheme (QPSK: 2, 16QAM: 4, 64QAM: 6) and NRU is the number of resource units in the aggregated frequency domain which depends on the channel bandwidth (e.g. NRU =24 for 5 MHz, NRU =48 for 10 MHz, and NRU =96 for 20 MHz). For channel bandwidths larger than 20 MHz (carrier aggregation), the channel bit rate will scale accordingly.

The use of 64QAM modulation, CP size of 1/16, and 4 and 8 transmit antennas with 4 and 8 streams, respectively,  results in following physical channel bit rates in the DL for both TDD and FDD:
Table 6-2: Physical channel bit rates
Nominal Channel Bandwidth (MHz)

5

10

20

Physical Channel Bit Rate (Mbit/s)
for 4 streams

107

213

    427

Physical Channel Bit Rate (Mbit/s)
For 8 streams

213

427

854

The above physical channel bit rates can be further increased using multi-carrier scheme. In addition, the data transmission over guard subcarriers between the DL RF carriers would result in further higher physical channel bit rates (see Section 11.4 of {4}).

	4.2.3.2.4.2
	Layer 1 and Layer 2 overhead estimation.

Describe how the RIT accounts for all layer 1 (PHY) and layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads.

L1/L2 overhead includes:

1. Reference signals or pilots that are dispersed over each physical resource block that further depend on the MIMO mode and the number of spatial streams

2. Guard bands or the number of guard subcarriers that depend on the transmission bandwidth

3. L1/L2 control signals that are frequency division multiplexed with traffic over each subframe

4. Synchronization signals and superframe headers

5. The DL/UL or UL/DL switching times in TDD duplex mode and guard time (cyclic prefix) in both FDD and TDD.

6. MAC header overhead depends on the packet size and is typically small for full-buffer traffic

The L1/L2 overhead estimation for the proposed RIT is as follows(for L1/L2 calculation details see Annex 1 of this document): 
Table 6-3:L1/L2 overhead estimation
CP=1/8, BW=10 MHz, DL 2x2 MIMO
Minimum

Maximum

L1 overhead

0.2931

0.2931

Total overhead (L1/L2)
0.3370

0.4239

CP=1/16, BW=20 MHz, DL 4x2 MIMO

Minimum

Maximum

L1 overhead

0.2665
0.2665
Total overhead (L1/L2)
0.2875
0.3295


	4.2.3.2.4.3
	Variable bit rate capabilities:

Describe how the proposal supports different applications and services with various bit rate requirements.

Variable bit rate is supported by the flexible resource allocation to meet the desired bit rates of different applications and service. The RIT supports QoS parameter negotiation during service setup procedure in order to support various application and service efficiently. The information is used to schedule and control traffic by adapting polling and granting mechanism based on predefined rule.

For a given combination of modulation and coding scheme and number of spatial-multiplexing layers or MIMO mode, the data rate available to a user can be controlled by the scheduler through assigning different amount of radio resources for transmission of user traffic. In case of multiple services, the available radio resources along with the other transmission attributes are selected to support multiple services with various QoS requirements (including various data rate requirements).

See Section 11.3 of {4} for more details on the supported burst sizes in the proposed RIT.

	4.2.3.2.4.4
	Variable payload capabilities:

Describe how the RIT supports IP-based application layer protocols/services (e.g., VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.

The proposed RIT is designed based on packet-switched protocols. Various payload sizes can be delivered over radio interface by supporting various PHY packet sizes which are controlled by resource assignment, MCS level and MIMO mode and rank. Furthermore, large-size IP packets can be fragmented into small fragments, while small-size IP packets can be packed together to send over the air-interface. The proposed algorithm can support multiple concurrent connections for various IP-based applications with different QoS requirements.  

	4.2.3.2.4.5
	Signaling transmission scheme:  Describe how transmission schemes are different for signaling/control from that of user data.

Configuration: Traffic channels transmission parameters are configured using signaling carried on control channels and in some cases (in-band and higher-layer signaling) using signaling carried on traffic channels themselves. The configuration of control channels is by other control channels or is pre-defined in the RIT specification, depending on the hierarchy of the control channels. 

Resource Allocation: Control channels are categorized based on their contents, functionality and transmission requirements (robustness, transmission periodicity etc). Depending on their position in the control channel hierarchy, the resource allocations for the L1/L2 control channels may be defined by the RIT specification.

Transmission Format: Control channels are typically processed with more robust transmission formats to ensure reliability and coverage. For the control channels, QPSK modulation and lower coding rates as well as open-loop SU-MIMO schemes are used. For the traffic channels, higher order modulation and coding (QPSK, 16QAM, 64QAM) as well as open-loop/closed loop SU-MIMO/MU-MIMO schemes with and without precoding are used. In addition, power boosting and link adaptation are used to improve the reliability of the traffic channels.

Table 6-4: Transmission schemes for DL and UL control channels

Control Channel

MCS

MIMO Scheme

Primary SFH

QPSK 1/24 (QPSK+1/4TBCC+6 repetitions)
Open-loop TX diversity (Two stream SFBC)
Secondary SFH

QPSK variable coding rate (QPSK + 1/4 TBCC + variable repetition factor which is configured by Primary SFH)
Open-loop TX diversity (Two stream SFBC)
A-MAP

Two sets of MCS can be used
1) QPSK 1/2 and ¼
2) QPSK 1/2 and 1/8
with 1/4 TBCC
Open-loop TX diversity (Two stream SFBC)
HARQ feedback A-MAP
QPSK  or BPSK  1/8

Open-loop TX diversity  (Two stream SFBC)

Power control A-MAP
QPSK  or BPSK  1/4

Open-loop TX diversity (Two stream SFBC)

Non-user specific A-MAP

QPSK 1/12 (TBCC 1/4 + repetition)

Open-loop TX diversity  (Two stream SFBC)

MIMO Midamble
Golay sequence
N/A
UL Primary CQI

BPSK with Block code (6 info bit coded into 36 tones)
RX diversity or Cyclic Delay Diversity (CDD) if it is transparent to ABS.
UL Secondary CQI

QPSK with TBCC 1/5
RX diversity or CDD if it is transparent to ABS.
UL ACK/NACK

BPSK
Every 2 bits of ACK/NACK bit is encoded into three 2x2 blocks (i.e. 6 subcarrier for each ACK/NACK bit)
RX diversity or CDD if it is transparent to ABS.
UL BW-REQ

Message: QPSK
Preamble: BPSK
RX diversity or CDD if it is transparent to ABS.
UL Initial Ranging

Zadoff-Chu sequences
N/A

UL Sounding

Golay sequence
N/A

Table 6-5: Transmission schemes for DL and UL data transmission

Control Channel

MCS

MIMO Scheme

Unicast Data

See Section 11.7 of {4} for more details

Various Open-loop or Closed-loop SU-MIMO or MU-MIMO with and without precoding using 2x2, 4x2, 4x4, 8x2, 8x8 in the DL and 1x2, 2x4, 1x4, and 4x4 UL  antenna configurations

See Sections 11.8 and 11.12 of {4} for more details

Multicast Data

See Section 11.5 and 11.7 of {4} for more details

Various Open-loop SU-MIMO or MU-MIMO  using 2x2, 4x2, 4x4, 8x2, 8x8 in the DL and 1x2, 2x4, 1x4, and 4x4 UL  antenna configurations

See Sections 11.8.4 of {4} for more details




	4.2.3.2.5
	Mobility management (Handover)

	4.2.3.2.5.1
	Describe the handover mechanisms and procedures which are associated with

· Inter-System handover

· Intra-System handover

· Intra-frequency and Inter-frequency

· Within the RIT or between RITs within one SRIT (if applicable)

Characterize the type of handover strategy or strategies (for example, MS or BS assisted handover, type of handover measurements).

Handovers (HO) can be initiated by either the AMS or the ABS. In the latter case, Mobile-Assisted HO (MAHO) procedures are followed. The AMS acquires the network topology, measurement/reporting trigger conditions through either ABS broadcasts or dedicated signaling messages. The AMS measures HO trigger metrics to identify potential T-ABSs. For inter-system and inter-frequency handovers, neighbor cell measurements are performed during scanning intervals provided by the S-ABS unilaterally or at the request of the AMS.  

HO execution includes network re-entry procedure with the T-ABS. This process may be optimized by T-ABS possession of AMS context information obtained from S-ABS over the backbone network. If capable, the AMS may also maintain communication with S-ABS while performing network re-entry at T-ABS as directed by S-ABS. The handover procedures provide for seamless and lossless handovers to maintain the QoS of the traffic channels involved in the handover.

Section 10.3 of {4} describes the handover procedures in detail.

The following diagram illustrates the network reference model used for the proposed RIT.


[image: image17.emf]Access Service Network

R1 MS

AMS

R1 BS

/ABS

R1 BS

/ABS

Access 

Service 

Network 

Gateway

Connectivity Service 

Network

Connectivity Service 

Network

Another Access Service Network

ASP Network or 

Gateway

ASP Network or 

Gateway

R1

R1

R6

R6

R8

R3

R3

R5

R2

control plane

bearer plane

R4

Figure 6-2:Network Reference Model (NRM) {4}
The inter-Frequency Assignment (inter-FA), intra-FA handover scenarios are analyzed according to above reference model assuming an intra-Access Service Network (intra-ASN) handover scheme (i.e., the S-ABS and T-ABS belong to the same ASN)

Assumptions:

· Intra-ASN Handovers (the S-ABS and T-ABS belong to the same ASN)

· Mobile-assisted Handover (predominant case)

· Mobile-initiated Handover (worst-case compared to ABS-initiated) 

· Optimized Hard Handover (for intra-frequency, AMS is frame-synchronized with S-ABS and T-ABS (T-ABS), AMS contexts including security context, transferred to T-ABS by S-ABS over the backbone network)

· All measurements are based on the synchronization channels.

[image: image18.emf]
Figure 6-3: Network re-entry procedure with HO_Reentry_Mode set to 0. 

Messages depicted with dotted lines are transmitted only in certain HO scenarios. The dashed-line (optional) AAI_RNG-RSP carries time adjustment parameters, etc. {4}.

Figure 6.3 refers to the case where the HO_Renentry_Mode=0. If HO_Reentry_Mode is set to 0, the S-ABS stops sending DL data and provid​ing UL allocations to the AMS after expiration of the disconnect time included in the AAI_HO-CMD mes​sage or at HO cancellation, whichever occurs first. However, If HO_Reentry_Mode is set to 1, the S-ABS stops sending DL data and providing UL allocations to the AMS upon expiration of the dis​connect time or after receiving HO completion confirmation from T-ABS, whichever occurs first.

Summary of the Handover procedure:

· Initiation

· HO triggered at AMS, based on AMS measurements and S-ABS-defined trigger levels

· HO request from AMS to S-ABS, containing T-ABS list with preferences and measurement reports

· Preparation

· S-ABS and T-ABS backbone pre-notification procedures

· HO command from S-ABS to AMS with T-ABS details, Disconnect time (may allow communication during network re-entry), S-ABS disconnects at Disconnect time, transfers AMS context to T-ABS over backbone network

· Execution

· AMS acknowledges S-ABS HO command with selected T-ABS and confirmation/rejection of Disconnect time
· Network re-entry

· HO Ranging in T-ABS, optional for intra-FA

· T-ABS notifies S-ABS of HO completion 

· Network Re-entry complete with established data path in T-ABS

	4.2.3.2.5.2
	What are the handover interruption times for:

· Within the RIT (intra- and inter-frequency)
Intra-frequency: 0 to 15 ms

Inter-frequency: 5 to 35 ms
· Between various  RITs within a SRIT
Not applicable.
· Between the RIT and another IMT system.

For HO of an R1 MS to/from an ABS from/to an R1 BS, HO interruption time is less than 50 ms.

For HO of an AMS to/from an ABS from/to an R1 BS, HO interruption time is less than 50 ms.

HO interruption time for HO between the RIT and IMT-2000 OFDMA TDD WMAN follows IMT-2000 OFDMA TDD WMAN HO procedures. Similar procedures can be applied to the FDD case.

The HO latency analysis below considers the worst case of HO_Reentry_Mode=0, where the action time equals the disconnect time set by the S-ABS. 

The HO latency analysis follows the guideline in {8}, where the HO interruption time does not include the process of downlink synchronization and the completion of UL access procedures, if applicable.
The following steps capture the HO procedure delay budget (Intra-RIT, Intra-FA):
Table 6-6:Handover procedure delay budget

Step

Procedure

Estimated Latency (ms)

1

The AMS initiates HO by sending an AAI-HO-REQ to the S-ABS.

4 to 7 frames, 20 to 35ms

2

The S-ABS processes AAI-HO-REQ and sends HO REQUEST to one or more T-ABS

1 frames, 5 ms (HO-REQ from S-ABS to T-ABSs)

3

T-ABSs reply S-ABS with HO RESPONSE, which may include HO optimization related MAC pre-update information.

2 frames, 10 ms (T-ABSs process and reply + HO-RSP from T-ABSs to S-ABS)

4

S-ABS responds to AMS with AAI-HO-CMD containing T-ABS list, Disconnect time

1 frame, 5 ms

5

AMS acknowledges S-ABS with AAI-HO-IND containing selected T-ABS and  confirmation/rejection of Disconnect time (unsolicited UL grant)

1 frame, 5 ms

6

At/After Action Time (=Disconnect Time), S-ABS transfer un-acknowledged data and new data, if any, to T-ABS for AMS data continuity at T-ABS
0 to 2 frames, 0 to 10ms (R8 interface latency, see Section 4 of {4})

7

AMS switches to T-ABS, acquires DL signal

0 to 1 frame, 0 to 5 ms

8

AMS reads UL-MAP for unsolicited UL grant for AMS to send RNG-REQ message and data

2 frames, 10 ms

9

AMS sends RNG-REQ to T-ABS
1 frame, 5 ms

10

T-ABS responds with RNG-RSP with necessary information for AMS to perform UL synchronization.

2 frames, 10 ms

11

AMS processes RNG-RSP

1 frame, 5 ms

12

If necessary, repeat steps 8 – 11 K-times

Note: The maximum value of K is calculated based upon the number of times that steps 8 to 11 could be repeated before expiration of a timer specified by S-ABS.
K * 5 frames, 0 to 25K ms

13
T-ABS and AMS continue data communication

0

HO Interruption time (Using Seamless HO)

summation of time required for steps 6 and 7 = 0 to 15 ms

Using seamless HO procedure, HO interruption time includes steps 6 and 7 in Table 6-6. Adding the times required for completion of steps 6 and 7results in a value of 0 to 15 ms. Considering the fact that steps 6 and 7 can be performed in parallel, maximum value for HO interruption could be reduced to 10 ms.
For intra-RIT/Inter-FA HO an additional step 7.1 is to be inserted between Step-7 and Step-8, which will be counted into HO interruption time. 
Table 6-7:Handover procedure, step 7.1

7.1

The AMS waits for HO ranging opportunity to perform UL synchronization with dedicated ranging code (assigned by TABS during HO preparation.)

(after CDMA ranging, UL synchronization procedures are not counted into HO interruption time according to the definition)

1 to 4 frames = 5 to 20 ms

(20ms is the worst case when no ranging opportunity is allocated for this HO instance. Most cases, T-ABS has knowledge of AMS capability and how fast it can switch RF, and therefore T-ABS can prepare the ranging opportunity right at the next frame, in which case it will be 5 ms)

In this case (inter-FA, intra-RIT) , the HO interruption time is the summation of time required for steps  6,  7, and 7.1, which results in HO interruption time of 5 to 35 ms. Considering the fact that steps 6 and 7 can be performed in parallel, maximum value for HO interruption could be reduced to 30 ms.


	4.2.3.2.6
	Radio resource management

	4.2.3.2.6.1
	Describe the radio resource management, support of,

· centralized and/or distributed RRM
The proposed RIT supports distributed Radio Resource Management (RRM) schemes (the ABSs manage the radio resources) such as those described below.

· dynamic and flexible radio resource management

The proposed RIT supports dynamic and flexible RRM schemes such as those described below.

· efficient load balancing.

The proposed RIT supports efficient load balancing through several means including multi-carrier, ABS switching, etc.

The RIT is compatible with the radio resource management specified in Section 4 of {4} (See the network reference model illustrated in item 4.2.3.2.5.2).This RRM is based on a generic architecture. The RRM defines mechanisms and procedures to share radio resource related information between ABS and ASN-Gateway (ASN-GW). The RRM procedures allow different ABSs to communicate with each other or with a centralized RRM entity residing in the same or a different ASN to exchange information related to measurement and management of radio resources. Each ABS performs radio resource measurement locally based on a distributed RRM mechanism. It is also possible to deploy RRM in an ASN using ABSs with RRM function as well as a centralized RRM entity that does not reside in the ABS and collects and updates radio resource indicators such as choice of T-ABS, admission or rejection of service flows, etc., from several ABSs. The RRM procedures facilitate the following functions:

· AMS admission control and connection admission control; i.e., whether the required radio resources are available at a candidate T-ABS prior to handover.

· Service flow admission control; i.e., creation or modification of existing/additional service flows for an existing AMS in the network, selection of values for admitted and active QoS parameter sets for service flows.

· Load balancing by managing and monitoring system load and use of counter-measures to enable the system back to normal loading condition.

· Handover preparation and control for improvement/maintenance of overall performance indicators (for example, the RRM may assist in system load balancing by facilitating selection of the most suitable ABS during a handover.

The RRM is composed of two functional entities; i.e., Radio Resource Agent (RRA) and Radio Resource Control (RRC). The RRA is a functional entity that resides in the ABS. Each ABS includes an RRA. It maintains a database of collected radio resource indicators. An RRA entity is responsible for assisting local radio resource management as well as communicating to the RRC to collect and measure radio resource indicators from the ABS and from a plurality of mobile terminals served by the ABS using MAC management procedures as specified in {1}. It also communicates RRM control information over the air-interface to the AMS as defined by {1}. An example of such RRM control information is a set of neighbor ABSs and their parameters. It further performs signaling with RRC for radio resource management functions as well as controlling the radio resources of the S-ABS, based on the local measurements and reports received by the ABS and information received from the RRC functional entity. The local resource control includes power control, monitoring the MAC and PHY functions, modifying the contents of the neighbor advertisement message, assisting the local service flow management function and policy management for service flow admission control, making determinations and conducting actions based on radio resource policy, assisting the local handover functions.

The RRC functional entity may reside in ABS, in ASN-GW, or as a standalone server in an ASN and is responsible for collection of radio resource indicators from associated RRAs. The RRC can be collocated with RRA in the ABS. The RRC functional entity may communicate with other RRCs in neighboring ABSs which may be in the same or different ASN. The RRC may also reside in the ASN-GW and communicate to other RRAs across R6 reference point. When the RRC is located in the ASN, each RRA is associated with exactly one RRC. The RRC relay functional entity may reside in ASN-GW for the purpose of relaying RRM messages. The RRC relay cannot terminate RRM messages but it only relays these to the final destination RRC. Standard RRM procedures are required between RRA and RRC and between RRCs across network interfaces to ensure interoperability. These procedures are classified into two types; Information Reporting Procedures for delivery of ABS radio resource indicators from RRA to RRC and between RRCs, and Decision Support Procedures from RRC to RRA for communicating suggestions or hints of aggregated RRM status (e.g., in neighboring ABSs) for various purposes.

The RRM primitives can be used either to report radio resource indicators (i.e., from RRA to RRC or between RRCs) or to communicate decision support information (i.e., from RRC to RRA). The former type of primitive is called information reporting primitive and the latter is called decision support primitive. The available radio resource information provided by the RRAs to RRC is used by RRC for load balancing. The RRC may interact with the handover controller to ensure load balance.

	4.2.3.2.6.2
	Inter-RIT interworking

Describe the functional blocks and mechanisms for interworking (such as a network architecture model) between heterogeneous RITs within a SRIT, if supported.

The proposed RIT comprises of a single radio interface and therefore this question does not apply. It must be noted that the proposed RIT does support inter-system HO through appropriate interworking functions. For more details, see Section 10.3.4 of {4}.

	4.2.3.2.6.3
	Connection/session management

The mechanisms for connection/session management over the air-interface should be described. For example:
· The support of multiple protocol states with fast and dynamic transitions.

· The signaling schemes for allocating and releasing resources.

Connection Management

Connections are identified by the combination of AMS identifier and flow identifier. Two types of connections are used – management connections and transport connections.

Management connections are bi-directional and used to carry MAC management messages. Transport connections are uni-directional and used to carry user data including upper layer signaling messages such as DHCP, etc. and data plane signaling such as ARQ feedback. 

Session Management

A session is defined as the duration of time from the moment that an AMS performs the initial network entry and registers with the network and an exclusive AMS context is generated in the network until the AMS signs off the network and the AMS context is flushed out. During this time, the AMS may transit between different states (initialization, access, connected, and idle states) and may perform a number of network re-entries and re-register with the S-ABS upon transition from idle to connected state.

The session/connection management in the proposed RIT can be better understood by reviewing the AMS state transition diagram below (for details, see Section 6 of {4}). There are 4 possible AMS states: Initialization State, Cell search and selection using scanning, DL synchronization, and acquisition of system information.
Access State: Network entry, including ranging and UL synchronization, basic capability negotiation, authentication and authorization,  registration with the ABS and service flow establishment

Connected State: AMS in one of three Connected State modes: Sleep Mode, Active Mode or Scanning Mode. Additional transport connections may be established and Handovers may occur in this state.

Idle State: AMS alternates between Idle State Paging Available Mode and Paging Unavailable Mode.
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Figure 6-4: MAC state diagram

	4.2.3.2.7
	Frame structure

	4.2.3.2.7.1
	Describe the frame structure for downlink and uplink by providing sufficient information such as:

· frame length,

Superframe length = 20 ms; Radio frame length = 5 ms; Subframe length = 0.617 ms (with 6 OFDMA symbols using CP=1/8 Tu with the channel bandwidth of 5, 10, or 20 MHz)

The basic frame structure is illustrated in the following Figure 6-5. The number of subframes per frame depends on the channel bandwdth and the CP length. A subframe is assigned for either DL or UL transmission. 
There are four types of subframes:
1) type-1 subframe consists of six OFDMA symbols,
[image: image1.png]


2) type-2 subframe consists of seven OFDMA symbols,
3) type-3 subframe which consists of five OFDMA symbols, and
4) type-4 subframe which consists of nine OFDMA symbols. This type is only applied to UL subframe for the 8.75MHz channel bandwidth.
Figure 6-5: Basic frame structure

The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD AMS operation. 
· the number of time slots per frame,

In basic frame structure, there are 8 subframes per radio frame (if CP=1/8 is used and if the system bandwidth is an integer multiple of 5 MHz).

Other bandwidths or CP sizes contain different number of subframes per radio frame. See Section 11.4 of {4} for more information.

· the number and position of switch points per frame for TDD

There are two switching gaps in each 5ms radio frame for all allowed frame partitions. 
In each frame, the guard times or switching times (TTG and RTG) are inserted between the DL and UL switching points. For example, In TDD frame structure with D:U ratio of 5:3, corresponding to the nominal channel bandwidths of 5, 10, and 20 MHz with CP = 1/8, the TTG and RTG values are 105.714 μs and 60 μs, respectively (see Table 4 in Section 11.3 of {4} for other configurations).
See figures and tables in Section 11.3 of {4} for more information.
· guard time or the number of guard bits,

The proposed RIT utilizes OFDMA as the multiple access scheme in the DL and UL. The proposed RIT supports three CP sizes of 1/4, 1/8, and 1/16 of the useful OFDM symbol size. See Section 11.3 of {4}.
· user payload information per time slot,

The user payload is transmitted in units of logical resource blocks (i.e., distributed or localized resource blocks of 18xNsym, where Nsym denotes the number of OFDMA symbols per subframe). The logical resource blocks are frequency division multiplexed with control blocks in the DL and UL.

· control channel structure and multiplexing,

The control information in the DL consists of resource allocation, HARQ ACK/NACK, and power control. These control information are transmitted in the form of control information elements that are multiplexed with user data as shown in the following figures. For more information see Section 11.5 of {4}.
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Figure 6-6: Example A-map region location in TDD with 4:4 subframe DL:UL ratio
[image: image21.emf]
Figure 6-7: Structure of an A-MAP region
Table 6-8: Mapping of information to DL control channels

Information

Channel

Location

Synchronization information

Advanced Preamble (A-PREAMBLE): Primary Advanced Preamble (PA-PREAMBLE) and Secondary Advanced Preamble (SA-PREAMBLE)

PA-Preamble is located at the first symbol of second frame in a superframe while SA-Preamble is located at the first symbol of remaining three frames
System configuration information

Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH)
Inside SFH

Extended system parameters and system configuration information

Additional Broadcast Information on Traffic Channel

Outside SFH

Control and signaling for DL notifications

Additional Broadcast Information on Traffic Channel
Outside SFH

Control and signaling for traffic

Advanced MAP (A-MAP)
Outside SFH

Table 6-9: Mapping of UL control information to UL control channels

Information

Channel

Channel quality feedback

UL Fast Feedback Channel

UL Sounding Channel

MIMO feedback

UL Fast Feedback Channel
UL Sounding Channel
UL Feedback Extended Header

UL Feedback MAC Control Message
HARQ feedback

UL HARQ Feedback Channel
Synchronization

UL Ranging Channel

Bandwidth request

Bandwidth Request Channel

UL In-band Control Signaling

UL Fast Feedback Channel

E-MBS feedback

Optional quick access message

· power control bit rate.

No specific power-control rate is specified. The proposed RIT supports (at maximum) one power-control command per subframe and assuming 8 subframes/frame, resulting in 1600 Hz maximum power-control rate. See Section 11.10 of {4} for more details.
Details of the TDD and FDD frame structures are specified in Section 11.4 of {4}.

	4.2.3.2.8
	Spectrum capabilities and duplex technologies

NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.

	4.2.3.2.8.1
	Spectrum sharing and flexible spectrum use

Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing for the bands for IMT? Provide details.

Yes, The proposed RIT supports flexible spectrum use  and/or spectrum sharing requirements for IMT bands.

The proposed RIT supports both FDD and TDD duplex schemes. The H-FDD terminals are supported in FDD networks, as well. The baseband processing is common (to the possible extent) for TDD and FDD duplex schemes.

Flexible spectrum use is achieved through use of scalable OFDMA multiple access scheme in the DL and UL, tone dropping techniques in OFDMA, as well as use of one or multiple component RF carriers. Multiple component carriers can be aggregated to achieve up to 100 MHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain.

	4.2.3.2.8.2
	Channel bandwidth scalability

Describe how the proposal supports channel bandwidth scalability, including the supported bandwidths.

The proposed RIT uses a scalable OFDMA multiple access scheme in the DL and UL. The scalable OFDMA can be adapted to different bandwidths (5 to 20 MHz in the proposed RIT) using different FFT/IFFT sizes, resulting in common baseband processing for all bandwidths. The sub-carrier spacing remains the same irrespective of the bandwidth (provided that the same over-sampling factor is used). Therefore, the number of used sub-carriers and the number of available sub-carriers vary with different bandwidth, but the PHY and MAC protocols and processing remain unchanged.

Describe whether the proposed RIT supports extensions for scalable bandwidths wider than 40 MHz.

Consider, for example:

–
The scalability of operating bandwidths.

–
The scalability using single and/or multiple RF carriers.

Describe multiple contiguous (or non-contiguous) band aggregation capabilities, if any. Consider for example the aggregation of multiple channels to support higher user bit rates.

The proposed RIT supports multi-carrier operation that allows operation in any bandwidth as wide as 100 MHz by aggregating contiguous and/or non-contiguous RF carriers. For each multi-carrier AMS, primary and secondary carriers are designated and configured with the requisite signaling capabilities.   

See Section 17 of {4} for more details on multi-carrier operation in the proposed RIT.

	4.2.3.2.8.3
	What are the frequency bands supported by the RIT?  Please list.

The proposed RIT supports deployment in all bands identified for IMT in ITU-R Radio Regulations. In addition, proposed RIT supports non-IMT bands below 6 GHz allocated to the Fixed Service and/or Mobile Service.

See below for more information on some of the bands where the proposed RIT can be deployed.
Table 6-10: Some of supported frequency bands

Band Class

UL AMS Transmit  Frequency (MHz)

DL AMS Receive  Frequency (MHz)

Duplex Mode

1

2300-2400

2300-2400

TDD

2

2305-2320, 2345-2360

2305-2320, 2345-2360

TDD

2345-2360
2305-2320
FDD

3

2496-2690

2496-2690

TDD

2496-2572
2614-2690
FDD

4

3300-3400

3300-3400

TDD

5L

3400-3600

3400-3600

TDD

3400-3500

3500-3600

FDD

5H

3600-3800

3600-3800

TDD

6

1710-1770

2110-2170
FDD

1920-1980

2110-2170

FDD

1710-1755

2110-2155

FDD

1710-1785

1805-1880

FDD

1850-1910

1930-1990

FDD

1710-1785, 1920-1980

1805-1880, 2110-2170

FDD

1850-1910, 1710-1770

1930-1990, 2110-2170

FDD

7

698-862

698-862

TDD

776-787

746-757

FDD

788-793, 793-798

758-763, 763-768

FDD

788-798

758-768

FDD

698-862

698-862

TDD/FDD

824-849

869-894

FDD

880-915

925-960

FDD

698-716, 776-793

728-746, 746-763

FDD

8

1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920
1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920
TDD

9

450-470

450-470

TDD

450.0-457.5

462.5-470.0

FDD



	4.2.3.2.8.4
	What is the minimum amount of spectrum required to deploy a contiguous network, including guard-bands (MHz)?

The proposed RIT requires a minimum bandwidth of 2x5 MHz for FDD deployment and 5 MHz for TDD deployment.
Amount of guard band depends on a variety of factors including deployment scenario and characteristics of systems in adjacent bands.

	4.2.3.2.8.5
	What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?

The 3 dB bandwidth is not part of the specifications, however:
· The minimum 99% channel bandwidth (occupied bandwidth of single component RF carrier) is 5 MHz. 
· The maximum 99% channel bandwidth (occupied bandwidth of single component RF carrier) is 20 MHz. 

· Multiple contiguous/non-contiguous component RF carriers can be aggregated to achieve transmission bandwidths in the order of 100 MHz.
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Figure 6-8: Illustration of different bandwidth concepts

	4.2.3.2.8.6
	What duplexing scheme(s) is (are) described in this template? 
(e.g. TDD, FDD or half-duplex FDD).

The proposed RIT supports both TDD and FDD duplexing schemes as well as H-FDD terminal operation in FDD networks.

Describe details such as:

· What is the minimum (up/down) frequency separation in case 
of full- and half-duplex FDD?

The up/down frequency separation depends on various parameters including target operating band plan. The proposed RIT minimum (up/down) frequency separation (as defined by the frequency separation between the centre frequency of UL and centre frequency of DL) is as follows:

· 10 MHz for IMT band 450-470 MHz

· 30 MHz for IMT band 698-960 MHz

· What is the requirement of transmit/receive isolation in case 
of full- and half-duplex FDD?  Does the RIT require a duplexer 
in either the AMS (MS) or BS?

In FDD mode, the RIT supports interoperating H-FDD terminals with Full Duplex FDD (F-FDD) AMSs in FDD network. 

Duplexers are needed at the ABS for FDD operation; this includes ABSs serving networks including F-FDD as well as H-FDD AMSs interoperating in the network. Duplexers are needed in F-FDD AMSs. Duplexers are not required for H-FDD AMSs.

The level of transmit/receive isolation depends on a number of parameters and in general is a function of parameters including interference characteristics of the band, spectrum emission mask, target receive performance requirement and up/down frequency separation.

The Transmit-to-Receive Transition Gap (TTG) and Receive-to-Transmit Transition Gap (RTG) are given for TDD duplex mode and different bandwidths in the following table.

Table 6-11: TTG and RTG gaps for different bandwidths and CP sizes
CP= 1/8

TTG (µs)

RTG (µs)

Bandwidth (MHz)
5/10/20
105.7
60
8.75
87.2
74.4
7
188
60
CP 1/16

TTG (µs)

RTG (µs)

Bandwidth (MHz)
5/10/20
82.853
60
8.75
138.4
74.4
7
180
60
CP= 1/4

TTG (µs)

RTG (µs)

Bandwidth (MHz)
5/10/20
139.98

60

8.75
189.6

74.4

7
140

60

· What is the minimum (up/down) time separation in case of TDD?

The up/down time separation for TDD mode depends on deployment scenario. The proposed RIT supports configurable up/down time separation as low as 50 μsec plus target Round Trip Delay (RTD). 

As an example, to accommodate a maximum cell range (RTD/2) of around 5.5 km, an additional 37 μsec is needed to be added to the ABS switching time from transmit to receive mode. This makes the total Transmit to Receive Time (TTG) equal to 87 μsec.  This is an example and higher maximum cell ranges are possible.
–
Whether the DL/UL Ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?

The DL/UL ratio is configurable but is typically fixed for a deployment. The proposed RIT supports the following DL/UL ratios in TDD mode of operation. Note that each radio frame of 5 ms consists of 8 subframes of 0.617 ms length. The permissible DL/UL ratios are as follows where, m,  the first element of the (m, n) pairs represent the number of DL subframes and, n, the second element of the pairs represents the number of UL subframes:

For 5, 10 and 20 MHz; (8,0), (6,2), (5,3), (4,4), and (3,5) 

For 8.75 MHz;  (7,0),  (5,2), and (4,3)
         For 7 MHz;  (6,0),  (4,2), and (3,3)

As for the coexistence, all cells in a TDD deployment are required to use the same DL/UL ratio to minimize the inter-cell interference effects. 

Note that the (8,0), (7,0) and (6,0) cases are realization for the broadcast deployment scenario where another carrier or another technologies maybe used to provide for  the return link.

	4.2.3.2.9
	Support of advanced antenna capabilities

	4.2.3.2.9.1
	Fully describe the multi-antenna systems supported in the MS, BS, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g., does the RIT have the capability for the use of:

· spatial multiplexing techniques,

Yes (see Sections 11.8 and 11.12 of {4} for more information).
· space-time coding (STC) techniques,

Yes (see Sections 11.8 and 11.12 of {4} for more information).
· Beamforming techniques (e.g., adaptive or switched).

Yes (see Sections 11.8 and 11.12 of {4} for more information).
The proposed RIT supports several open-loop/closed-loop single-user/multi-user MIMO schemes as described below (see Sections 11.8 and 11.12 of {4} for more information).

The proposed RIT supports the following MIMO modes in the DL.

Table 6-12: DL MIMO modes
Mode index

Description

MIMO encoding format (MEF)

MIMO precoding

Mode 0

Open-loop SU-MIMO

SFBC

non-adaptive

Mode 1

Open-loop SU-MIMO (spatial multiplexing)

Vertical encoding
non-adaptive

Mode 2

Closed-loop SU-MIMO (spatial multiplexing)

Vertical encoding
adaptive

Mode 3

Open-loop MU-MIMO (spatial multiplexing)

Horizontal encoding
non-adaptive

Mode 4

Closed-loop MU-MIMO (spatial multiplexing)

Horizontal encoding
adaptive

Mode 5

Open-loop SU-MIMO (TX diversity)

Conjugate Data Repetition

non-adaptive

Table 6-13: DL MIMO parameters
Number of transmit antennas

STC rate per layer

Number of streams

Number of subcarriers

Number of layers

Nt
R

Mt
NF
L

MIMO mode 0

2

1

2

2

1

4

1

2

2

1

8

1

2

2

1

MIMO mode 1 and MIMO mode 2

2

1

1

1

1

2

2

2

1

1

4

1

1

1

1

4

2

2

1

1

4

3

3

1

1

4

4

4

1

1

8

1

1

1

1

8

2

2

1

1

8

3

3

1

1

8

4

4

1

1

8

5

5

1

1

8

6

6

1

1

8

7

7

1

1

8

8

8

1

1

MIMO mode 3 and MIMO mode 4

2

1

2

1

2

4

1

2

1

2

4

1

3

1

3

4

1

4

1

4

8

1

2

1

2

8

1

3

1

3

8

1

4

1

4

MIMO mode 5
2
1/2
1
2
1
4

1/2

1

2

1

8
1/2

1

2

1

The proposed RIT supports the following MIMO modes in the UL.

Table 6-14: UL MIMO modes

Mode index

Description

MIMO encoding format (MEF)

MIMO precoding

Mode 0

Open-loop SU-MIMO

SFBC

non-adaptive

Mode 1

Open-loop SU-MIMO (spatial multiplexing)

Vertical encoding

non-adaptive

Mode 2

Closed-loop SU-MIMO (spatial multiplexing)

Vertical encoding
adaptive

Mode 3

Open-loop Collaborative spatial Multiplexing (MU-MIMO)

Vertical encoding
non-adaptive

Mode 4

Closed-loop Collaborative spatial Multiplexing (MU-MIMO)

Vertical encoding
adaptive

Table 6-15: UL MIMO parameters
Number of transmit antennas

STC rate per layer

Number of streams per AMS
Number of subcarriers

Number of layers per AMS
Nt
R

Mt
NF
L

MIMO mode 0

2

1

2

2

1

4

1

2

2

1

MIMO mode 1 and MIMO mode 2

2

1

1

1

1

2

2

2

1

1

4

1

1

1

1

4

2

2

1

1

4

3

3

1

1

4

4

4

1

1

MIMO mode 3 and MIMO mode 4

2

1

1

1

1

4

1

1

1

1

4

2

2

1

1

4

3

3

1

1



	4.2.3.2.9.2
	How many antennas are supported by the BS and MS for transmission and reception? Specify if correlated or uncorrelated antennas in co-polar or cross-polar configurations are used.  What is the antenna spacing (in wavelengths)?

The proposed RIT supports the following antenna configurations in the DL:

The ABS employs a minimum of two and a maximum of 8 transmit antennas. The AMS employs a minimum of two receive antennas. See Tables in item 4.2.3.2.9.1 as well as Section 11.8 of {4}.

The proposed RIT supports the following antenna configurations in the UL:

The AMS employs a minimum of one and a maximum of 4 transmit antennas. The ABS employs a minimum of two receive antennas. See Tables in item 4.2.3.2.9.1 as well as Section 11.12 of {4}.
Correlated/uncorrelated antennas in co-polar/cross-polar configuration is supported but implementation specific.
While the question on antenna polarization and spacing is implementation specific and may vary in different deployment scenarios, the proposed RIT has been evaluated based on the antenna spacing and polarization guidelines specified by Report ITU-R M.2135.

	4.2.3.2.9.3
	Provide details on the antenna configuration that is used in the self-evaluation.

A 4 TX x 2 RX antenna configuration in the DL and a 2 TX x 4 RX antenna configuration in the UL has been used in all four test environments to evaluate the performance of the RIT against the requirements in Report ITU-R M.2134.


	4.2.3.2.9.4
	If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported)

– Single codeword (SCW) and/or multi-codeword (MCW)

The proposed RIT supports both SCW (also referred to as vertical coding in the proposed RIT) and MCW (also referred to as horizontal coding in the proposed RIT) schemes. The MCW scheme is used on ABS side in MU-MIMO schemes and the SCW is used on AMS side for both 
SU-MIMO and MU-MIMO schemes (see Tables in item 4.2.3.2.9.1 as well as Sections 11.8 and 11.12 of {4}).
–
Open and/or closed loop MIMO
Both open-loop and closed-loop SU-MIMO and MU-MIMO are supported by the proposed RIT (see Tables in item 4.2.3.2.9.1 as well as Sections 11.8 and 11.12 of {4}).
–
Cooperative MIMO

The proposed RIT supports cooperative MIMO (MU-MIMO) in the UL (see Tables in item 4.2.3.2.9.1 as well as Sections 18, 11.8 and 11.12 of {4}).
–
Single-user MIMO and/or multi-user MIMO.

Both SU-MIMO and MU-MIMO schemes are supported by the proposed RIT (see Tables in item 4.2.3.2.9.1 as well as Sections 11.8 and 11.12 of {4}).

	4.2.3.2.9.5
	Other antenna technologies
Does the RIT/SRIT support other antenna technologies, for example:

–
remote antennas,

Yes. The use of remote antennas is not precluded by the RIT. Procedures are s implementation-specific.
–
distributed antennas.

Yes, the proposed RIT supports multi-ABS MIMO scheme (see item 4.2.3.2.9.1 for details).
Multi-ABS MIMO techniques are supported for improving sector throughput and cell-edge throughput through multi-ABS collaborative precoding, network coordinated beamforming, or inter-cell interference nulling. Both open-loop and closed-loop multi-ABS MIMO techniques are considered. For closed-loop multi-ABS MIMO, CSI feedback via codebook based feedback or sounding channel will be used. The feedback information may be shared by neighboring ABSs via network interface. Mode adaptation between single-ABS MIMO and multi-ABS MIMO is utilized. Additionally, the RIT does not preclude any implementation-specific distributed antenna schemes.

If so, please describe.
See Tables in item 4.2.3.2.9.1 as well as Sections 11.8 and 11.12 of {4}.

	4.2.3.2.9.6
	Provide the antenna tilt angle used in the self-evaluation.

The following values are used in self-evaluation:

Indoor – Indoor hotspot: 0 deg. 
Microcellular – Urban micro-cell: 12 deg.
Base coverage urban – Urban macro-cell: 12 deg.
High speed – Rural macro-cell: 6 deg.


	4.2.3.2.10
	Link adaptation and power control

	4.2.3.2.10.1
	Describe link adaptation techniques employed by RIT/SRIT, including:

–
the supported modulation and coding schemes,

–
the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity.  

Provide details of any adaptive modulation and coding schemes, including:

Hybrid ARQ or other retransmission mechanisms?

· Algorithms for adaptive modulation and coding, which are used in the self-evaluation.

· Other schemes?

The following link adaptation techniques are utilized in the proposed RIT:

   MCS Adaptation

The proposed RIT supports Adaptive Modulation and Coding (AMC) scheme for DL transmissions. 

For the DL, the S-ABS adapts the modulation and coding scheme (MCS) based on the DL channel quality indicators (CQI) reported by the AMS. DL control channel transmit power is also adapted based on CQI reports by the AMS. There are various MCS levels (combination of modulation, coding rate, repetition factor, and rate matching) that are used depending on channel and mobility conditions to ensure robustness and performance of the link. Channel quality measurement includes narrowband and wideband measurements. CQI feedback overhead reduction is supported through differential feedback or other compression techniques. Examples of CQI include Physical CINR, Effective CINR, band selection, etc. Channel sounding can also be used to measure UL channel quality.

For the UL, there are two types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and secondary fast feedback channels (SFBCH). The UL PFBCH provides wideband channel quality feedback and MIMO feedback. It is used to support robust feedback reports. The UL SFBCH carries narrowband CQI and MIMO feedback information. A set of predefined numbers of bits in this range is supported. The SFBCH can be used to support CQI reporting at higher code rate and thus more CQI information bits. The SFBCH can be allocated in a non-periodic manner based on traffic, channel conditions etc. The number of bits carried in the fast feedback channel can be adaptive.
The S-ABS adapts the modulation and coding scheme based on the UL channel quality estimation and the maximum transmission power by the AMS. UL control channels (excluding initial ranging channel) transmit power is also adapted based on UL power control.

HARQ

Adaptive, asynchronous HARQ scheme is used in the DL. In adaptive asynchronous HARQ, the resource allocation and transmission format for the HARQ retransmissions may be different from the initial transmission. In case of retransmission, signaling is used to indicate the resource allocation and transmission format along with other HARQ necessary parameters

Non-adaptive synchronous HARQ scheme is used in the UL. Resource (block) allocation for the retransmissions in the UL can be fixed or adaptive through signaling.  The default operation mode of HARQ in the UL is non-adaptive, i.e., the parameters and the resource for the retransmission is known a priori. The ABS can by means of signaling enable an adaptive UL HARQ mode. In adaptive HARQ the parameters of the retransmission are signaled explicitly.

MIMO Mode and Rank Adaptation (Switching)

To support the various radio channels, both MIMO mode and rank adaptation are supported in the proposed RIT. The ABSs and AMSs may adaptively switch between DL MIMO techniques depending on parameters such as antenna configurations and channel conditions. Parameters selected for mode adaptation may have slowly or fast varying dynamics. By switching between DL MIMO techniques and the system can dynamically optimize throughput or coverage for a specific radio environment. The MIMO modes include open-loop MIMO like transmit diversity, spatial multiplexing, and closed-loop MIMO, etc. The adaptation of these modes is related with the system load, the channel information, AMS speed and average CINR. Switching between SU-MIMO and MU-MIMO is also supported. Both dynamic and semi-static adaptation mechanisms are supported in the proposed RIT. For dynamic adaptation, the mode/rank may be changed in a frame by frame basis. For semi-static adaptation, the AMS may request adaptation. The decision of rank and mode adaptation is made by the S-ABS. The adaptation occurs slowly, and involves negligible feedback overhead.

Power Control

The power control scheme is supported for DL and UL based on the frame structure, DL/UL control structures, and Fractional Frequency Reuse (FFR).

The ABS is capable of controlling the transmit power per sub-frame and per user. With DL power control, each user-specific information or control information would be received by the AMS with the controlled power level. DL unicast service control channel is power-controlled based on the AMS UL channel quality feedback.

The per pilot tone power and the per data tone power is jointly adjusted for adaptive DL power control. In the case of dedicated pilots this is done on a per user basis and in the case of common pilots this is done jointly for the users sharing the pilots. Power control in DL supports SU-MIMO and MU-MIMO modes.

UL power control is supported to compensate the path loss, shadowing, fast fading and implementation loss. UL power control is also used to control inter-cell and intra-cell interference level. UL power control considers optimization of overall system performance and the reduction of battery consumption. UL power control consists of two different modes: Open-Loop Power Control (OLPC) and Closed-Loop Power Control (CLPC). The ABS transmits necessary information through control channel or message to AMSs to support UL power control. The parameters of power control algorithm are optimized on system-wide basis by the ABS, and broadcast periodically or trigged by events.

The AMS transmits necessary information through control channel or message to the ABS to support UL power control. The ABS exchanges necessary information with neighbor ABSs through backbone network to support UL power control.

In high mobility scenarios, power control scheme may not compensate the fast fading channel effect because of the very dynamic changes of the channel response. As a result, the power control is only used to compensate the distance-dependent path loss, shadowing and implementation loss. UL power control considers the transmission mode depending on the single- or multi-user support in the same allocated resource at the same time.

The OLPC compensates the channel variations and implementation loss without frequently interacting with ABS. The AMS determines the transmit power based on the transmission parameters sent by the ABS, UL channel transmission quality (e.g. indicated as ACK or NACK), DL channel state information and interference knowledge obtained from the DL. The AMSs use UL OLPC applying channel and interference knowledge to operate at optimum power settings. OLPC provides a coarse initial power setting of the terminal at the beginning of a connection. As for mitigating inter-cell interference, power control considers S-ABS link target SINR and/or target interference to other cells/sectors. In order to achieve target SINR, the S-ABS path-loss can be fully compensated for a tradeoff between overall system throughput and cell edge performance. When considering target interference to other cells/sectors, AMS TX power is controlled to generate less interference than the target interference levels. The compensation factor for each frequency partition and interference targets for each frequency partition are determined and broadcast by the ABS, with considerations including FFR pattern, cell loading, etc.

The CLPC compensates channel variation with power control commands from the ABS. ABS measures UL channel state information and interference information using UL data and/or control channel transmissions and sends power control commands to AMSs while minimizing signalling overhead. According to the power control command from the ABS, the AMS adjust its UL transmission power.




	4.2.3.2.10.2
	Provide details of any power control scheme included in the proposal, for example:
In DL, power levels can be set in a per-allocation basis based on the CQI. Details of DL power setting are implementation specific. For UL power control, details are provided below.
· Power control step size (dB)

0.5 dB

· Power control cycles per second

Maximum one power control command per subframe that translates into 1600 Hz. 
· Power control dynamic range (dB)

The power adjustment range is -0.5 dB to 1.0 dB. The minimum power control dynamic range required is 45 dB.

· Minimum transmit power level with power control

The minimum transmit power of an AMS with power control is -22 dBm, assuming 23 dBm declared maximum transmit power and minimum 45 dB dynamic range.

· Associated signaling and control messages.

To maintain at the ABS a power density consistent with the modulation and coding rate used by each AMS, the ABS may change the AMS’s TX power through direct power adjustment/control signalling.

The UL power control is signaled as part of DL control structure. See the illustrations in item 4.2.3.2.7.1 and more details in Section 11.10 of {4}.

	4.2.3.2.11
	Power classes 

	4.2.3.2.11.1
	Mobile station emitted power

Table 6-16 provides the list of AMS power classes.

Table 6-16: AMS Power Classes

Class Identifier

Pnom (Nominal Max Output Power) (dBm)

Power Class 1

20

Power Class 2

23

Power Class 3

26

In the Table 6-16, Pnom is the declared maximum conducted transmit power. 

In power classes of Table 6-16, tolerances are not included. In general, tolerances associated with Pnom depend on various parameters including MCS level, spectrum band span (associated with band edge), etc.  Generic and band-specific tolerances associated with these parameters may be added, if applicable.

	4.2.3.2.11.1.1
	What is the radiated antenna power measured at the antenna (dBm)?

The typical conducted output transmit power, measured as the mean power delivered to the antenna port, according to Power Class 2 of item 4.2.3.2.11.1 is less than or equal to 23 dBm. The total radiated antenna power, assuming 0 dBi antenna gain is less than or equal to 23 dBm.

	4.2.3.2.11.1.2
	What is the maximum peak power transmitted while in active or busy state?

The maximum peak power transmitted while in active or busy state is 23 dBm.

	4.2.3.2.11.1.3
	What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.

The average TX power depends on several factors such as the power control parameter settings, the test environment, etc. For example, for the OLPC scheme of the RIT with power control parameters γ and SINRMIN equal to 0.5 and 1 dB (see table A3-3), respectively, the average TX power is 11.4 dBm for the UMi test environment and 11.8 dBm for the UMa test environment.

	4.2.3.2.11.2
	Base station emitted power

	4.2.3.2.11.2.1
	What is the base station transmit power per RF carrier?

ABS’s transmit power, measured as the mean power delivered to the antenna port, depends on various factors including those related to the deployment scenario and possible local regulatory requirements. 

	4.2.3.2.11.2.2
	What is the maximum peak transmitted power per RF carrier radiated from antenna?

The maximum peak transmitted power per RF carrier radiated from antenna depends on the ABS peak transmit power at the antenna port and the antenna gain. 

The peak transmitted power per RF carrier radiated from antenna is within a range of values properly considered to cover target deployment scenarios. This value may be subject to local regulatory limitations.  

	4.2.3.2.11.2.3
	What is the average transmitted power per RF carrier radiated from antenna?

The average transmitted depends on the network loading factor, traffic type, and test environment. 

	4.2.3.2.12
	Scheduler, QoS support and management, data services

	4.2.3.2.12.1
	QoS support

· What QoS classes are supported?

The following QoS classes are supported :
· Unsolicited Grant Service (UGS) is designed to support real-time service flows that transport fixed-size data packets on a periodic basis, such as T1/E1 and VoIP without silence suppression.

· Real-time Polling Service (rtPS) is designed to support real-time service flows that transport variable-size data packets on a periodic basis, such as Moving Pictures Experts Group (MPEG) video.

· Extended rtPS (ertPS) is a scheduling mechanism which builds on the efficiency of both UGS and rtPS. The ABS shall provide unicast grants in an unsolicited manner like in UGS, thus saving the latency of a BR. However, whereas UGS allocations are fixed in size, ertPS allocations are dynamic.

· Non-real-time polling service (nrtPS) offers unicast polls on a regular basis, which assures that the service flow receives request opportunities even during network congestion. The ABS typically polls nrtPS connections on an interval on the order of one second or less.

· Best effort (BE) service provides service for BE traffic.

· How QoS classes associated with each service flow can be negotiated.
Signalling support is provided using which QoS parameter sets are negotiated between the ABS and the AMS during the service flow setup/change procedure. See further description below.

· QoS attributes, for example:

The QoS parameters vary depending on the type of service. 

The following are the typical QoS parameters that are used in conjunction with scheduling services in the proposed RIT.
· Traffic priority

· Maximum sustained traffic rate

· Minimum reserved traffic rate

· Maximum latency
· Is QoS supported when handing off between radio access networks? Please describe.

Yes. The QoS requirements and their satisfaction is one of the criteria for selection of T-ABS during handover procedure. The admission control mechanism in candidate T-ABSs ensure that the required QoS can be satisfied upon handover of the AMS from the S-ABS to the T-ABS.

– How users may utilize several applications with differing QoS requirements at the same time.

The QoS parameters are defined per service flow and thereby for each MAC connection established between the ABS and AMS. An AMS can have multiple active service flows at each time instant. 

The proposed RIT MAC associates a unidirectional flow of packets which have a specific QoS requirement with a service flow. A service flow is mapped to one transport connection with one flow identifier. The ABS and AMS provide QoS according to the QoS parameter sets, which are negotiated between the ABS and the AMS during the service flow setup/change procedure. The QoS parameters can be used to schedule traffic and allocate radio resource. In addition, UL traffic may be policed based on the QoS parameters.

The proposed RIT supports following additional information field parameters (relative to that of IEEE Std 802.16-2009 {1}):

Tolerated packet loss rate: The value of this parameter specifies the maximum packet loss rate for the service flow.

Indication of Associated Flows: A parameter that indicates the flow(s) that is associated with the current service flow if any.

Adaptive polling and granting: The proposed RIT supports adaptation of service flow QoS parameters. One or more sets of QoS parameters are defined for one service flow. The AMS and ABS negotiate the supported QoS parameter sets during service flow setup procedure. When QoS requirement/traffic characteristics for traffic changes, the ABS may autonomously switch the service flow QoS parameters such as grant/polling interval or grant size based on predefined rules. In addition, the AMS may request the ABS to switch the Service Flow QoS parameter set with explicit signaling. The ABS then allocates resource according to the new service flow parameter set.

Scheduling Services: Proposed RIT provides a specific scheduling service to support real-time non-periodical applications such as on-line gaming. 

In addition to the above services, the system also supports:

Persistent Allocation (PA): PA is used to reduce resource allocation signaling (MAP) overhead for connections with periodic traffic pattern and with relatively fixed payload size.

Group Resource Allocation (GRA): GRA is used to reduce resource allocation signaling (MAP) overhead for multiple connections with a pre-determined and well-known packet size. Instead of allocating resources to single user, the ABS may create one or more groups, each group containing more than one user.

	4.2.3.2.12.2
	Scheduling mechanisms

· Exemplify scheduling algorithm(s) that may be used for full buffer and VoIP traffic in the technology proposal for evaluation purposes.

Describe any measurements and/or reporting required for scheduling.

Scheduling algorithms are implementation-specific. The RIT facilitates dynamic scheduling at subframe intervals and fast sub-band/full-band feedback mechanisms for channel conditions and traffic levels. The RIT performance evaluation uses a Proportional-Fair algorithm for full buffer data performance (see details below) and a persistent scheduling for VoIP capacity calculations.

In the proposed RIT, dynamic scheduling on a subframe basis is applied to both UL and DL. Typically, the scheduling is based on the instantaneous radio-link quality as seen by the different users, and QoS requirements of individual users in the cell. The former is based on periodic CQI reports from the terminals (DL) or measurements of sounding signals from the terminals (UL). Based on this, the ABS may apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the upper layers.  

	4.2.3.2.13
	Radio interface architecture and protocol stack

	4.2.3.2.13.1
	Describe details of the radio interface architecture and protocol stack such as,

Logical channels
· Control channels

See item 4.2.3.2.7.1 for description of DL and UL control channels, including the mapping of information to the control channels.
· Traffic channels

Although not explicitly defined for the proposed RIT, the flows and their resource mapping (see items 4.2.3.2.6.3 and 4.2.3.2.12) effectively define the logical traffic channels.

Transport channels and/or physical channels.

Transport and physical channels are described together in the earlier items (see 4.2.3.2.2.3.1 and 4.2.3.2.4.1)
RIT Protocol Structure

The proposed RIT MAC is divided into two sublayers:

· Convergence sublayer (CS)

· Common Part sublayer (CPS) 

MAC CPS is further classified into Radio Resource Control and Management (RRCM) functions and MAC functions. The RRCM functions fully reside on the control plane. The MAC functions reside on the control and data planes (see Figure 6-9).
The RRCM functions includes several functional blocks that are related with radio resource functions such as:

· Radio resource management

· Mobility management

· Network-entry management

· Location management

· Idle mode management

· Security management

· System configuration management

· E-MBS

· Connection management

· Relay functions

· Self organization

· Multi-carrier

The control plane part of MAC includes functional blocks which are related to the physical layer and link controls such as:

· PHY Control

· Control signaling

· Sleep mode management

· QoS

· Scheduling and resource multiplexing

· Multi-radio coexistence

· Data forwarding

· Interference management

· Inter-ABS coordination

The data plane includes the following MAC functions:

· ARQ

· Fragmentation/packing

· MAC PDU formation

· Encryption
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Figure 6-9: L1 and L2 protocol stack of the proposed RIT

	4.2.3.2.13.2
	What is the bit rate required for transmitting feedback information?

Channel quality feedback 

Channel quality feedback provides information about channel conditions as seen by the AMS. This information is used by the ABS for link adaptation, resource allocation, power control etc. Channel quality measurement includes narrowband and wideband measurements. CQI feedback overhead reduction is supported through differential feedback or other compression techniques. Examples of CQI include Physical CINR, Effective CINR, band selection, etc. Channel sounding can also be used to measure UL channel quality.

MIMO feedback 

MIMO feedback provides wideband and/or narrowband spatial characteristics of the channel that are required for MIMO operation. The MIMO mode, precoder matrix index, rank adaptation information, channel covariance matrix elements, and channel sounding are examples of MIMO feedback information. 

HARQ feedback 

HARQ feedback (ACK/NACK) is used to acknowledge DL transmissions. 

There are two types of UL fast feedback control channels: Primary Fast Feedback Channel (PFBCH) and Secondary Fast Feedback Channels (SFBCH). The UL PFBCH carries 4 to 6 bits of information. The UL SFBCH carries narrowband CQI and MIMO feedback information. The number of information bits carried in the UL SFBCH ranges from 7 to 24. Assuming that CQI is sent periodically every 20 msec, UL PFBCH bit rate can be 200~300 bps, and UL SFBCH bit rate can be 400~1200 bps.

See Section 15.3.9 of {6} for details of the UL feedback channels. 

	4.2.3.2.13.3
	Channel access:

Describe in details how RIT/SRIT accomplishes initial channel access, (e.g. contention or non-contention based).

The UL ranging channels are used for UL synchronization. The UL ranging channels can be further classified into ranging channel for non-synchronized AMSs and synchronized mobiles stations. A random access procedure, which can be contention based or non-contention based is used for ranging. Contention-based random access is used for initial ranging, while either contention-based on non-contention-based random access is used for periodic ranging and handover. The location of the ranging channels is provided in a DL broadcast control message. The ranging channels are frequency-division multiplexed with other UL control channels and data channels.

See Section 11.9 of {4} for details of initial ranging and contention-based access.

	4.2.3.2.14
	Cell selection

	4.2.3.2.14.1
	Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.

The decision for attachment or cell selection is made in the end of the initialization procedures. In the Initialization state, the AMS performs cell selection by scanning and synchronizing to DL preambles, and acquiring the broadcast system configuration information, which includes the network identity and other parameters. Upon successful initialization, the AMS enters the Access State. The S-ABS may unicast the Neighbor Advertisement message to an AMS. The Neighbor Advertisement message may include parameters required for cell selection e.g., cell load and cell type.

Upon successful completion of the Initialization state (refer to AMS state transition diagram in item 4.2.3.2.6.3).

See Figure 6-10 and Sections 10.8 and 11.9 of {4} for more details on cell selection in the proposed RIT.
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Figure 6-10: Cell search and selection procedures in the proposed RIT 

	4.2.3.2.15
	Location determination mechanisms

	4.2.3.2.15.1
	Describe any location determination mechanisms that may be used, e.g., to support location based services.

The RIT supports assisted-GPS and non-GPS methods such as DL Time Difference of Arrival (DL-TDOA) and UL-TDOA, as well as a hybrid of GPS and non-GPS methods. Both network-based and AMS-based methods are possible.
See Section 12 of {4} for details of location-based services methods in the proposed RIT.

	4.2.3.2.16
	Priority access mechanisms

	4.2.3.2.16.1
	Describe techniques employed to support prioritization of access to radio or network resources for specific services or specific users (e.g., to allow access by emergency services).

For handling emergency telecommunications service and E-911, emergency service flows will be given priority in admission control over the regular service flows. 

Default service flow parameters are defined for emergency service flow. The ABS grants resources in response to an emergency service notification from the AMS without going through the complete service flow setup procedure. The AMS can include an emergency service notification in initial ranging or service flow setup requests.

If a service provider wants to support National Security/Emergency Preparedness (NS/EP) priority services, the ABS uses its own algorithm as defined by its local country regulation body. For example, in the US the algorithm to support NS/EP is defined by the Federal Communications Commission (FCC) in Hard Public Use Reservation by Departure Allocation (H-PURDA). See Section 10.9.3 of {4} for details on support of emergency services and priority access. 

	4.2.3.2.17
	Unicast, multicast and broadcast

	4.2.3.2.17.1
	Describe how the RIT enables:

· broadcast capabilities,

· multicast capabilities,

· unicast capabilities,

using both dedicated carriers and/or shared carriers.  Please describe how all three capabilities can exist simultaneously.

The basic concepts and procedures in E-MBS are consistent with E-MBS definitions in IEEE Std 802.16-2009 {1}, but the concepts have been adapted to the new MAC and PHY structure.

E-MBS refers to a data service offered on multicast connection using specific E-MBS features in MAC and PHY to improve performance and operation in power saving modes. An ABS may allocate simple multicast connections without using E-MBS features.

Two types of access to E-MBS may be supported: single-ABS access and multi-ABS access. Single-ABS access is implemented over multicast and broadcast transport connections within one ABS, while multi-ABS access is implemented by transmitting data from service flow(s) over multiple ABSs, using the concept of E-MBS zone.  That transmission is supported either in the non-macro diversity mode or macro diversity mode as a wide-area multi-cell Multicast-Broadcast Single Frequency Network (MBSFN). E-MBS service may be delivered via either a dedicated carrier or a mixed unicast-broadcast carrier. See Section 13 of {4} for details on E-MBS support.

	4.2.3.2.17.2
	Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?

Yes, the proposed RIT can establish several concurrent service flows with different QoS parameters for each user in the network. See Section 10.10  in {4}.

	4.2.3.2.17.3
	Provide details of the codec used for VoIP capacity in the self evaluation.

Does the RIT support multiple voice and/or video codecs?  Provide details.

The 12.2 kbps source coder recommended by Report ITU-R M.2135 has been used for VoIP capacity calculations in self-evaluation (Section 7). 

The proposed RIT is an all-IP air-interface and supports any standard voice/video codec with IETF-specified Real-Time Protocol (RTP) payload.

	4.2.3.2.17.4
	If a codec is used that differs from the one specified in Annex 2 of  Report ITU‑R M.2135, specify the voice quality (e.g., PSQM, PESQ, CCR, E-Model, MOS) for the corresponding VoIP capacity in the self-evaluation.

The RIT VoIP performance self-evaluation is based on the 12.2 kbps codec that has been recommended by Report ITU-R M.2135 for VoIP capacity calculations.


	4.2.3.2.18
	Privacy, authorization, encryption, authentication and legal intercept schemes

	4.2.3.2.18.1
	Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronization is needed for privacy and encryptions mechanisms used in the RIT.

Describe how the RIT may be protected against attacks, for example:

−       man in the middle,

−       replay,

−      denial of service.

Security architecture of the proposed RIT:
The security functions provide subscribers with privacy, authentication, and confidentiality across the proposed RIT network. It does this by applying cryptographic transforms to either MPDUs or management messages carried across connections between AMS and ABS.

The security architecture of The proposed RIT system consists of the following functional entities; the AMS, the ABS, and the Authenticator. 

The Figure 6-11 describes the protocol architecture of security services. 
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Figure 6-11: protocol architecture of security services

Functional blocks of the proposed RIT security architecture:

Within AMS and ABS the security architecture is divided into two logical entities:

· Security management entity

· Encryption and integrity entity

 Security management entity functions includes :

· Overall security management and control

· EAP encapsulation/decapsulation for authentication 

· Privacy Key Management (PKM) control (e.g. key generation/derivation/distribution, key state management)

· Authentication and Security Association (SA) control
· Location privacy

Encryption and integrity protection entity functions include:

· Transport data Encryption/Authentication Processing (EAP)
· Management message authentication processing

· Management message confidentiality protection
Pair-wise mutual authentication of user and device identities takes place between AMS and ABS entities using EAP. Authentication is performed during initial network entry and periodically thereafter. In order to protect the mapping between the STID and the ms MAC Address, a Temporary STID (TSTID) is assigned during initial ranging process, and is used until the STID is allocated using the encrypted registration message. The STID is used for all the remaining transactions.

The proposed RIT supports the selective confidentiality/integrity protection over MAC management messages.

	4.2.3.2.19
	Frequency planning

	4.2.3.2.19.1
	How does the RIT support adding new cells or new RF carriers? Provide details.

The proposed RIT support maximum of 512 cell ID’s to support various cell types.  The RIT provides features to support self-configuration. 

RF carriers maybe overlaid or reused in the conventional sense, or supported through multi-carrier support (see item 4.2.3.2.8.2). In multi-carrier, carriers are either primary carrier to exchange traffic and PHY/MAC control information or secondary carrier for traffic only. A secondary carrier may also include control signaling to support multi-carrie operation. Multi-carrier support may be applied to multi-bandwidth; that is, multiple carriers with different channel bandwidth. 

	4.2.3.2.20
	Interference mitigation within radio interface

	4.2.3.2.20.1
	Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.

Yes, the proposed RIT supports advanced interference mitigation techniques as described below, in addition to conventional frequency reuse schemes.

The RIT supports Fractional Frequency Reuse (FFR) to allow different frequency reuse factors to be applied over different frequency partitions during the designated period for both DL and UL transmissions (Figure 6-12).  The operation of FFR is usually integrated with other functions like power control or antenna technologies for adaptive control and joint optimization. The basic concept of FFR is introduced by the example in the following figure. FFR performance can be optimized using AMS measurement reports and inter-ABS co-ordination to allocate resources and power appropriately.
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Figure 6-12: Basic concept of Fractional Frequency Reuse (FFR)
Interference mitigation within radio interface Conjugate Data Repetition (CDR) may be supported in the proposed RIT. 

Multi-antenna beamforming and multi-ABS MIMO techniques are also supported in the RIT. See Section 18 of {4} for more details on interference mitigation techniques used in the proposed RIT.

	4.2.3.2.20.2
	What is the signaling, if any, which can be used for inter-cell interference mitigation?
Interference mitigation using advanced antenna: In order to support DL PMI coordination to mitigate inter-cell interference, the AMS is capable of measuring the channel from the interfering ABS, calculates the worst or least interfering PMIs, and feedbacks the restricted or recommended PMIs to the S-ABS together with the associated ABS IDs or information assisting in determining the associated ABS IDs. PMI for neighboring cell is reported based on the base codebook. The measurement can be performed over the region implicitly known to AMS or explicitly designated by ABS. The PMIs can then be reported to ABS by UL control channel and/or MAC layer messaging in solicited/unsolicited manner. For UL PMI coordination, the ABS is capable of measuring the channel from the interfering AMS using sounding signals. Neighboring ABS should calculate the PMIs with least interference and forward them to the S-ABS. See Section 18 of {4} for more details on interference mitigation techniques used in the proposed RIT.

	4.2.3.2.20.3
	Link level interference mitigation

Describe the feature or features used to mitigate inter-symbol interference.

The proposed RIT uses OFDMA with various CP sizes to cope with inter-symbol interference effects. The CP length is chosen to absorb the inter-symbol interference due to propagation delay in certain frequency range and cell size. See Section 11.3 OF {4} for more details on different OFDMA parameters.

	4.2.3.2.20.4
	Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.).

The OFDMA systems rely on CP and simple one-tap equalization methods. Since OFDM systems convert wideband frequency selective channels into several narrowband flat fading channels, the RIT does not require complex equalization schemes such as rake receiver.  

	4.2.3.2.20.5
	Diversity techniques

Describe the diversity techniques supported in the MS and at the BS, including micro diversity and macro diversity, characterizing the type of diversity used, for example:

–
Time diversity:
repetition, Rake-receiver, etc.

–
Space diversity:
multiple sectors, , etc.

–
Frequency diversity:
frequency hopping (FH), wideband transmission, etc.

–
Code diversity:
multiple PN codes, multiple FH code, etc.

–
Multi-user diversity:
proportional fairness (PF), etc.

–
Other schemes.

Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining.

Provide information on the receiver/transmitter RF configurations, for example:

· number of RF receivers

· number of RF transmitters.

Spatial diversity is supported through multiple TX and RX antenna schemes described in item 4.2.3.2.9.4. 
Frequency diversity is achieved through the use of distributed resource allocations (see item 4.2.3.2.7.1). 
Time and multi-user diversity are achieved through dynamic scheduling and HARQ (see item 4.2.3.2.12.1).

	4.2.3.2.21
	Synchronization requirements

	4.2.3.2.21.1
	Describe RIT’s timing requirements, e.g.

· Is BS-to-BS synchronization required? Provide precise information, the type of synchronization, i.e., synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy.

· Is BS-to-network synchronization required?

State short-term frequency and timing accuracy of BS transmit signal.

Network synchronization

For TDD and FDD realizations, it is recommended that all ABSs should be time synchronized to a common timing signal. In the event of the loss of the network timing signal, ABSs continue to operate and automatically resynchronize to the network timing signal when it is recovered. The synchronizing references a 1 pps timing pulse and a 10 MHz frequency reference. These signals are typically provided by a GPS receiver but can be derived from any other source which has the required stability and accuracy. For both FDD and TDD realizations, frequency references derived from the timing reference may be used to control the frequency accuracy of ABSs provided that they meet the frequency accuracy requirements. This applies during normal operation and during loss of timing reference.

See Section 20 of {4} for more information on inter-ABS synchronization. 

DL frame synchronization

At the ABS, the transmitted DL radio frame is time-aligned with the 1pps timing pulse with a possible delay shift of n micro-seconds (n being between 0 and 4999). The start of the preamble symbol, excluding the CP duration, is time aligned with 1pps plus the delay of n micro-seconds timing pulse when measured at the antenna port. See Section 20 of {4} for more information on inter-ABS synchronization.

	4.2.3.2.21.2
	Describe the synchronization mechanisms used in the proposal, including synchronization between a user terminal and a site.

DL synchronization and detection of preambles (unique synchronization sequences)

The proposed RIT also includes ranging and UL synchronization to enable proper operation of OFDMA systems. See Section of 11.7 of {4} for details on DL synchronization.

	4.2.3.2.22
	Link budget template

Proponents should complete the link budget template in § 4.2.3.3 to this description template for the environments supported in the RIT.

Please refer to Section 4.2 of this document for link budget template (Tables 6-78 to 6-85).

	4.2.3.2.23
	Other items

	4.2.3.2.23.1
	Coverage extension schemes

Describe the capability to support/ coverage extension schemes, such as relays or repeaters.

The proposed RIT supports advanced relaying schemes as described below:
Relay models capture the modes of relay operation supported in the proposed RIT based on the frame structure and the access station perspectives. Relaying is performed using a decode–and-forward paradigm. The ABS and Advanced Relay Station (ARS)s deployed within a sector operate using either TDD or FDD of DL and UL transmissions. An ARS operates in Time Division Transmit/Receive (TTR) mode where transmission to subordinate station and reception from the super-ordinate station or transmission to the super-ordinate station and reception from subordinate station is separated in time over the radio frame. 

The ARSs operates non-transparent mode. Security mode can be either centralized or distributed security. 

	4.2.3.2.23.2
	Self-organization

Describe any self-organizing aspects that are enabled by the RIT/SRIT.

Support for Self-organization

Self-Organizing Network (SON) functions are intended for ABSs (e.g. macro, relay, femto) to automate the configuration of ABS parameters and to optimize network performance, coverage and capacity. The scope of SON is limited to the measurement and reporting of air interface performance metrics from AMS/ABS, and the subsequent adjustments of ABS parameters.

Self-configuration

Self-configuration is the process of initializing and configuring ABSs automatically with minimum human intervention. The self-configuration may use optimized parameters and provide fast reconfiguration.

Cell initialization

Basic MAC and PHY parameters may be decided by core network before ABS operation. If not configured by the core network, OFDM parameters (e.g. CP and OFDM symbol length, DL/UL ratio), channel bandwidth and preamble sequence may be configured or selected through inter-ABS communication, a database, or through measurement by the ABS.

An ABS or SON function selects a preamble sequence that precludes any sequence being used by neighbor cells with the same carrier frequency. 

Neighbor discovery

The initial neighbor list is obtained from core network automatically. Any change of the neighbor environment such as ABSs being added or removed should automatically trigger the ABS to generate an updated neighbor list. The information for updating the neighbor list (e.g. macro ABS, Femto ABS) is collected by ABS/ARS/AMS measurement, core network, inter-ABS network signaling, ABS’s own management. The ABS should direct an AMS to report measurement and use cached and feedback information to reduce the undesirable transmission from the AMS.

Macro ABS self-configuration

SON automatically updates the neighbor list whenever there is a change in the neighbor environment.

A macro ABS reports the following parameters to initiate automatic neighbor list update:

· BSID

· Cell site coordinates  (longitude, latitude)

· Sector bearing (orientation), indicating the direction where the sector is pointing

· ABS attributes (e.g. channel bandwidth, FFT Size, CP, etc.)

In response, the macro ABS will receive the following parameters to update its neighbor list:

· BSID

· ABS attributes (e.g. channel bandwidth, FFT Size, CP, etc.)

Self-optimization

Self-optimization is the process of analyzing the reported SON measurement from the ABS/AMS and fine-tuning the ABS parameters in order to optimize the network performance which includes QoS, network efficiency, throughput, cell coverage and cell capacity.
The reported SON measurements from ABS/AMS may include but not limited to:

· Signal quality of S-ABS and neighbor ABSs

· Interference level from the neighbor ABSs

· Cell information of neighbor ABSs

· Status of mobility management (e.g., HO, Idle mode)

· Time and location information of AMS at a measurement

· Load information of neighbor ABS
Coverage and capacity optimization

The coverage and capacity optimization aims to detect and resolve the blind areas for reliable and maximized network coverage and capacity when an AMS cannot receive any strong enough signals from any ABSs. The SON functions process the reported measurement and then determine the location of the blind areas in order for subsequent coverage extension and capacity optimization.

Interference management and optimization

Inter-cell interference should be maintained below a certain maximal interference level. Newly deployed ABS may select the carrier frequency, antenna setting, power allocation, and/or channel bandwidth based on the minimum interference level and the available capacity of the backhaul link. This can be achieved by a set of measurements by scanning the surrounding neighbor cells with/without additional information collected from other AMS and ABS. The reassignment/modification due to interference management should take into consideration of the load status and other parameters (e.g. antenna and power setting optimization for femto ABS etc). When a new ABS is deployed, the initialization for interference management is automatically configured by inter-ABS or a SON server. 

Load management and balancing

Cell reselection and handover procedures of an AMS may be performed at the direction of the ABS to control the unequal traffic load and minimize the number of handover trials and redirections. The load of the cells, modification of neighbor lists, and the selection of alternative carriers should be automatically managed through inter-ABS communication and the SON server. An ABS with unsuitable load status may adjust its cell reselection and handover parameters to control the imbalanced load with the neighbors ABSs.   

Self-optimizing FFR

Self-optimizing FFR is designed to automatically adjust FFR parameters, frequency partitions and power levels, among ABS sectors in order to optimize system throughput and user experience.

	4.2.3.2.23.3
	Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of cell spectrum efficiency, cell edge user spectral efficiency and VoIP capacity.

The RIT performance self-evaluation is based on a frequency reuse factor of 1.

	4.2.3.2.23.4
	Is the RIT an evolution of an existing IMT-2000 technology?  Provide details.

Yes. The proposed RIT is an evolution of IMT-2000 OFDMA TDD WMAN.
The proposed RIT provides continuing support and interoperability for R1 MSs and R1 BSs, which are specified in accordance with IMT-2000 OFDMA TDD WMAN (see in particular subclause 5.6.2.1.1 of revision of ITU-R Recommendation M.1457-8). 
R1 MS is a mobile station compliant with WirelessMAN-OFDMA R1 Reference System. R1 BS is a base station compliant with WirelessMAN-OFDMA R1 Reference System. 

WirelessMAN-OFDMA R1 Reference System is a system compliant with WirelessMAN-OFDMA capabilities specified in Subclause 12.5 of IEEE Std 802.16-2009.
Specifically, the features, functions and protocols enabled in the proposed RIT support the features, functions and protocols employed by IMT-2000 OFDMA TDD WMAN, as follows:
· The AMS is able to operate with an R1 BS, at a level of performance equivalent to that of an R1 MS.

· Systems based on the proposed RIT and those based on {1} are able to operate on the same RF carrier, with the same channel bandwidth and should be able to operate on the same RF carrier with different channel bandwidths.

· The ABS supports a mix of the AMS and R1 MSs when both are operating on the same RF carrier. The system performance with such a mix should improve with the fraction of the AMSs attached to the ABS.

· The ABS supports handover of an R1 MS to and from an R1 BS and to and from an ABS, at a level of performance equivalent to handover between two R1 BSs.

·  The ABS shall be able to support an R1 MS while also supporting AMSs on the same RF carrier, at a level of performance equivalent to that an R1 BS provides to an R1 MS.

The proposed RIT, however, provides the ability to disable support for R1 MSs and R1BSs.


	4.2.3.2.23.5
	Does the proposal satisfy a specific spectrum mask? Provide details. (This information is not intended to be used for sharing studies.)

See Table 6-10 for definition of Band Classes.

AMS spectral masks: 

Unless otherwise specified for specific bands, the spectrum masks of the following three tables (6-17, 6-18, 6-19) are applicable to AMSs.
Table 6-17: AMS Spectrum Emission Mask for 5 MHz Bandwidth

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port

1

2.5 to < 3.5

50

-13

2

3.5 to ( 12.5

1000

-13

Table 6-18: AMS Spectrum Emission Mask for 10 MHz Bandwidth
Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to < 6

100

-13

2

6 to ( 25

1000

-13

Table 6-19: AMS Spectrum Emission Mask for 20 MHz Bandwidth
Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <11

200

-13

2

11 to  ( 50

1000

-13

AMS Band Class 1:
Table 6-20: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 1

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port.

1

2.5 to < 3.5

50

-13

2

3.5 to < 7.5

1000

-13

3

7.5 to < 8

500

-16

4

8 to < 10.4

1000

-25

5

10.4 to ≤ 12.5

1000

-25

Notes: 

1. f is defined as the frequency offset in MHz from the center frequency of a 5 MHz channel.

2. Integration Bandwidth refers to the frequency range over which the emission power is integrated. 

Table 6-20-1: AMS Spectrum Emission Mask for 8.75 MHz Bandwidth Band Class 1, Ptx ≤23 dBm
Segment Number

ffset from channel center (MHz)

Integration Bandwidth (KHz)
Allowed Emission Level as measured at the antenna port
1

4.77  to ( 9.27
100
-[26+7×{((Δf|-4.77 MHz)/4.5 MHz }] dB
2

9.27  to (13.23
100
-[33+4×{(|Δf|-9.27 MHz)/3.96 MHz }] dB
3

13.23 to ( 17.73
100
-[37+2×{((Δf|-13.23 MHz)/4.5 MHz }] dB
4

17.73 to ( 22.5
100
-39 dB
Notes: 

f is defined as the frequency offset in MHz from the center frequency of the 8.75 MHz channel.

2.  PTx is the measured power in dBm into the antenna. 

3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.

Table 6-20-2: AMS Spectrum Emission Mask for 8.75 MHz Bandwidth Band Class 1, Ptx >23 dBm
Segment Number

ffset from channel center (MHz)

Integration Bandwidth (KHz)
Allowed Emission Level as measured at the antenna port
1

4.77  to ( 9.27
100
-[{(PTx-23)+26}+7×{((Δf(-4.77 MHz)/4.5 MHz }] dB
2

9.27  to (13.23
100
-[{(PTx-23)+33}+4×{(|Δf|-9.27 MHz)/3.96 MHz }] dB
3

13.23 to ( 17.73
100
-[{(PTx-23)+37}+2×{(|Δf|-13.23 MHz)/4.5 MHz }] dB
4

17.73 to ( 22.5
100
-[(PTx-23)+39] dB
Notes: 

f is defined as the frequency offset in MHz from the center frequency of the 8.75 MHz channel.

2. PTx is the measured power in dBm into the antenna. 

3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.
Table 6-21: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 1

Segment Number

ffset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port
1

5 to <6

100

-13

2

6 to <10

1000

-13

3

10 to <11

1000

-13-12(f -10)

4

11 to <15

1000

-25

5

15 to <20

1000

-25

6

20 to ≤ 25

1000

-25

Notes: 

1. f is defined as the frequency offset in MHz from the center frequency of a 10MHz channel.

Integration Bandwidth refers to the frequency range over which the emission power is integrated.

AMS Band Class 3 – TDD
Table 6-22: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 3
Segment Number

Offset from channel center       (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port.

1

2.5 to <3.5

50

-13

2

3.5 to <7.5

1000

-13

3

7.5 to <8

500

If 

PTx ( +23 and (2547.5 ( fc ( 2622.5) 

then

 -23-2.28(∆f -7.5) 

else 

-16

4

8 to <10.4

1000

-25

5

10.4 to (  12.5

1000

If 

PTx ( +23 and (2547.5 ( fc (  2622.5)

then

-21-1.68(∆f - 8)  

else

-25

Table 6-23: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 3
Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <6

100

-13

2

6 to <10

1000

-13

3

10 to <11

1000

-13-12(f -10)

4

11 to <15

1000

-25

5

15 to <20

1000

If 
PTx (+23 dBm and (2550 ( fc ( 2620) 
then 
-21 - 32(f –10.5)/19
else 
-25

6

20 to ( 25

1000

If 
PTx ( +23 dBm and (2550  ( fc ( 2620) 
then 
-37
else 
-25

Table 6-24: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 3
Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <11

200

-13

2

11 to <15

1000

-13

3

15 to <16

1000

-13-12(f -15)

4

16 to ( 50

1000

-25

AMS Band Class 3 - FDD

Table 6-25: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 3

Segment Number

Offset from channel center       (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port.

1

2.5 to <3.5

50

-13

2

3.5 to <7.5

1000

-13

3

7.5 to <8

500

-16

4

8 to <10.4

1000

-25

5

10.4 to (  12.5

1000

-25
Table 6-26: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 3
Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <6

100

-13

2

6 to <10

1000

-13

3

10 to <11

1000

-13-12(f -10)

4

11 to <15

1000

-25

5

15 to <20

1000

-25

6

20 to ( 25

1000

-25

Table 6-27: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 3

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <11

200

-13

2

11 to <15

1000

-13

3

15 to <16

1000

-13-12(f -15)

4

16 to ( 50

1000

-25

AMS Band Class 5 – TDD  
Table 6-28: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 5
Frequency offset (f (MHz)

Maximum Emission Level (dBc)

Integration Bandwidth

2.5 to < 3.5

-33.5-15(∆f-2.5)

30 kHz

3.5 to < 7.5

-33.5-1(∆f-3.5)

1 MHz

7.5 to < 8.5

-37.5-10(∆f-7.5)

1 MHz

8.5 to ( 12.5

-47.5

1 MHz

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 2.515 MHz; the last is at (f equals to 3.485 MHz.

3. The first measurement position with a 1 MHz filter is at (f equals to 4 MHz; the last is at (f equals to 12 MHz. As a general rule, the resolution bandwidth of the measuring equipment should be equal to the Integration Bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the Integration Bandwidth. When the resolution bandwidth is smaller than the Integration Bandwidth, the result should be integrated over the Integration Bandwidth in order to obtain the equivalent noise bandwidth of the Integration Bandwidth.
4. Note that equivalent PSD type mask can be derived by applying 10*log ((5 MHz)/(30  kHz))= 22.2 dB and 10*log((5 MHz)/(1 MHz))= 7 dB scaling factor for 30 kHz and 1 MHz Integration Bandwidth respectively.
Table 6-29: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 5

Frequency offset (f (MHz)

Maximum Emission Level (dBc)

Integration Bandwidth

5.0 to <7.0 

-33.5-9(∆f-5.0)

30 kHz

7.0 to <15.0

-36.5-0.5(∆f-7.0)

1 MHz

15.0 to <17.0

-40.5-5(∆f-15.0)

1 MHz

17.0 to (25.0

-50.5

1 MHz

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 510.015 MHz; the last is at (f equals to 6.985 MHz.

3. The first measurement position with a 1 MHz filter is at (f equals to 7.5 MHz; the last is at (f equals to 24.5 MHz. As a general rule, the resolution bandwidth of the measuring equipment should be equal to the Integration Bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the Integration Bandwidth. When the resolution bandwidth is smaller than the Integration Bandwidth, the result should be integrated over the Integration Bandwidth in order to obtain the equivalent noise bandwidth of the Integration Bandwidth.

4. Equivalent PSD type mask can be derived by applying 10*log ((10 MHz)/(30 kHz))= 25.2 dB and 10*log((10 MHz)/(1 MHz))= 10 dB scaling factor for 30 kHz and 1 MHz Integration Bandwidth respectively.
AMS Band Class 5 – FDD 

Table 6-30: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 5 (3402.5 (fc ( 3497.5)
Frequency offset (f (MHz)

Maximum Emission Level (dBc)

Integration Bandwidth

2.5 to <3.5

-33.5-15(∆f-2.5)

30 kHz

3.5 to <7.5

-33.5-1(∆f-3.5)

1 MHz

7.5 to <8.5

-37.5-10(∆f-7.5)

1 MHz

8.5 to (12.5

-47.5

1 MHz

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 2.515 MHz; the last is at (f equals to 3.485 MHz.

3. The first measurement position with a 1 MHz filter is at (f equals to 4 MHz; the last is at (f equals to 12 MHz. As a general rule, the resolution bandwidth of the measuring equipment should be equal to the Integration Bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the Integration Bandwidth. When the resolution bandwidth is smaller than the Integration Bandwidth, the result should be integrated over the Integration Bandwidth in order to obtain the equivalent noise bandwidth of the Integration Bandwidth.
4. Note that equivalent PSD type mask can be derived by applying 10*log ((5 MHz)/(30  kHz))= 22.2 dB and 10*log((5 MHz)/(1 MHz))= 7 dB scaling factor for 30 kHz and 1 MHz Integration Bandwidth respectively.
Table 6-31: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 5 (3405 (fc ( 3495)
Frequency offset (f (MHz)

Maximum Emission Level (dBc)

Integration Bandwidth

5.0 to <7.0 

-33.5-9(∆f-5.0)

30 kHz

7.0 to <15.0

-36.5-0.5(∆f-7.0)

1 MHz

15.0 to <17.0

-40.5-5(∆f-15.0)

1 MHz

17.0 to (25.0

-50.5

1 MHz

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 510.015 MHz; the last is at (f equals to 6.985 MHz.

3. The first measurement position with a 1 MHz filter is at (f equals to 7.5 MHz; the last is at (f equals to 24.5 MHz. As a general rule, the resolution bandwidth of the measuring equipment should be equal to the Integration Bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth can be different from the Integration Bandwidth. When the resolution bandwidth is smaller than the Integration Bandwidth, the result should be integrated over the Integration Bandwidth in order to obtain the equivalent noise bandwidth of the Integration Bandwidth.
4. Equivalent PSD type mask can be derived by applying 10*log ((10 MHz)/(30 kHz))= 25.2 dB and 10*log((10 MHz)/(1 MHz))= 10 dB scaling factor for 30 kHz and 1 MHz Integration Bandwidth respectively.

AMS Band Class 6 – Sub-band 1710-1770/2110-2170 MHz

Table 6-32: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 6 (1710-1770/2110-2170 MHz)

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port

1

2.5 to < 3.5

50

-13

2

3.5 to ( 12.5

1000

-13

Table 6-33: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 6 (1710-1770/2110-2170 MHz)

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to < 6

100

-13

2

6 to ( 25

1000

-13

Table 6-34: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 6 (1710-1770/2110-2170 MHz)

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <11

200

-13

2

11 to (50

1000

-13

AMS Band Class 6 – Sub-bands other than 1710-1770/2110-2170 MHz
Table 6-35: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 6

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to <3.5

50

-13

2

3.5 to < 7.5

1000

-10

3

7.5 to <8.5

1000

-13

4

8.5 to (12.5

1000

-25

Table 6-36: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 6

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <6

100

-13

2

6 to <10

1000

-10

3

10 to <15

1000

-13

4

15 to (25

1000

-25

Table 6-37: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 6

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <11

200

-13

2

11 to <15

1000

-10

3

15 to <30

1000

-13

4

30 to (50

1000

-25

AMS Band Class 7 – TDD 

Table 6-38: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 7 (700.5 ≤fc ( 795.5)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1
2.5 to <2.6

30

-13

2

2.6 to (12.5

100

-13

Notes: 

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 2.515 MHz; the last is at (f equals to 2.585 MHz. The first measurement position with a 100 kHz filter is at (f equals to 2.650 MHz; the last is at (f equals to 12.450 MHz.  

Table 6-39: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 7 (799.5 (fc ( 859.5)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (MHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to <7.5

5

1.6

2

7.5 to (12.5

2

-10

Notes: 

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The measurement position with a 5 MHz filter is at (f equals to 5 MHz. The first measurement position with a 2 MHz filter is at (f equals to 8.5 MHz; the last is at (f equals to 11.5 MHz. 

Table 6-40: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 7 (703 (fc ( 793)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5.0 to <5.1

30

-13

2

5.1 to (25.0

100

-13

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 5.015 MHz; the last is at (f equals to 5.085 MHz. The first measurement position with a 100 kHz filter is at (f equals to 5.150 MHz; the last is at (f equals to 24.950 MHz.  

Table: 6-41: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 7 (802 (fc ( 857)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (MHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <10

5

1.6

2

10 to (25

2

-10

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The measurement position with a 5 MHz filter is at (f equals to 7.5 MHz. The first measurement position with a 2 MHz filter is at (f equals to 11 MHz; the last is at (f equals to 24 MHz. 

Table 6-42: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 7 (703 (fc ( 793)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10.0 to <10.1

30

-13

2

10.1 to (50.0

100

-13

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 10.015 MHz; the last is at (f equals to 10.085 MHz. The first measurement position with a 100 kHz filter is at (f equals to 10.150 MHz; the last is at (f equals to 50.950 MHz.  

Table 6-43: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 7 (807 (fc ( 852)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (MHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <15

5

1.6

2

15 to (50

2

-10

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The measurement position with a 5 MHz filter is at (f equals to 12.5 MHz. The first measurement position with a 2 MHz filter is at (f equals to 16 MHz; the last is at (f equals to 49 MHz.
AMS Band Class 7 – FDD 

Table 6-44: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 7 (700.5 (fc < 834.5)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to <2.6

30

-13

2

2.6 to (12.5

100

-13

Notes: 

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 2.515 MHz; the last is at (f equals to 2.585 MHz. The first measurement position with a 100 kHz filter is at (f equals to 2.650 MHz; the last is at (f equals to 12.450 MHz.  

Table 6-45: AMS Spectrum Emission for 5 MHz Bandwidth Band Class 7 (834.5 (fc ( 859.5)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (MHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to <7.5

5

1.6

2

7.5 to (12.5

2

-10

Notes: 

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The measurement position with a 5 MHz filter is at (f equals to 5 MHz. The first measurement position with a 2 MHz filter is at (f equals to 8.5 MHz; the last is at (f equals to 11.5 MHz. 

Table 6-46: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 7 (703 (fc < 837)

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5.0 to <5.1

30

-13

2

5.1 to (25.0

100

-13

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 5.015 MHz; the last is at (f equals to 5.085 MHz. The first measurement position with a 100 kHz filter is at (f equals to 5.150 MHz; the last is at (f equals to 24.950 MHz.  

Table 6-47: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 7 (837 (fc ( 857)

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (MHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <10

5

1.6

2

10 to <15

2

-10

3

15 to (25

1

-25

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The measurement position with a 5 MHz filter is at (f equals to 7.5 MHz. The first measurement position with a 2 MHz filter is at (f equals to 11 MHz; the last is at (f equals to 14 MHz. The first measurement position with a 1 MHz filter is at (f equals to 15.5 MHz; the last is at (f equals to 24.5 MHz.
Table 6-48: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 7 (708 (fc < 842)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10.0 to <10.1

30

-13

2

10.1 to (50.0

100

-13

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 10.015 MHz; the last is at (f equals to 10.085 MHz. The first measurement position with a 100 kHz filter is at (f equals to 10.150 MHz; the last is at (f equals to 49.950 MHz.

Table 6-49: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 7 (842 (fc ( 852)
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (MHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <15

5

1.6

2

15 to <20

2

-10

3

20 to (50

1

-25

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The measurement position with a 5 MHz filter is at (f equals to 12.5 MHz. The first measurement position with a 2 MHz filter is at (f equals to 16 MHz; the last is at (f equals to 19 MHz. The first measurement position with a 1 MHz filter is at (f equals to 20.5 MHz; the last is at (f equals to 49.5 MHz.

AMS Band Class 8

Table 6-50: AMS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 8
Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port

1

2.5 to < 3.5

50

-13

2

3.5 to ( 12.5

1000

-13

Table 6-51: AMS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 8

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to < 6

100

-13

2

6 to ( 25

1000

-13

Table 6-52: AMS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 8

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <11

200

-13

2

11 to <15

1000

-10

3

15 to <30

1000

-13

4

30 to (50

1000

-25

ABS spectral masks:

The spectrum masks in the following three tables (6-53, 6-54, 6-55) are applicable to all bands and all regions unless specific mask for a band or a country/region is specified. 

Table 6-53: ABS Spectrum Emission Mask for 5 MHz Bandwidth

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to <7.5

100

-7-7(∆f-2.55)/5

2

7.5 to (12.5

100

-14

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 100 kHz filter is at (f equals to 2.550 MHz; the last is at (f equals to 12.450 MHz. 
3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.
Table 6-54: ABS Spectrum Emission Mask for 10 MHz Bandwidth
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <10

100

-7-7(∆f-5.05)/5

2

10 to <15

100

-14

3

15 to (25

1000

-13

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 100 kHz filter is at (f equals to 5.05 MHz; the last is at (f equals to 14.95 MHz. The first measurement position with a 1 MHz filter is at (f equals to 15.5 MHz; the last is at (f equals to 24.5 MHz. 
3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.
Table 6-55: ABS Spectrum Emission Mask for 20 MHz Bandwidth

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <15

100

-7-7(∆f-10.05)/5

2

15 to <20

100

-14

3

20 to (50

1000

-13 

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 100 kHz filter is at (f equals to 10.05 MHz; the last is at (f equals to 19.95 MHz. The first measurement position with a 1 MHz filter is at (f equals to 20.5 MHz; the last is at (f equals to 49.5 MHz. 
3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.
ABS Band Class 1

Table 6-56: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 1-United States
Segment Number

Offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to < 3.5

50

(13

2

3.5 to ( 12.5

1000

(13

Table 6-57: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 1-United States
Segment Number

Offset (f from channel center (MHz)
Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port
1

5 to  6

100

(13

2

6 to ( 25

1000

(13

Table 6-57-1: ABS Spectrum Emission Mask for 8.75 MHz Bandwidth Band Class 1-Korea, Ptx≥40 dBm
Segment Number
Offset (f from channel center (MHz)
Measurement bandwidth (KHz)
Allowed emission as measured at the antenna port
1
4.77 to ( 22.5
100
-56.9 dBc
Table 6-57-2: ABS Spectrum Emission Mask for 8.75 MHz Bandwidth Band Class 1-Korea, 29≤Ptx<40 dBm
Segment Number
Offset (f from channel center (MHz)
Measurement bandwidth (KHz)
Allowed emission as measured at the antenna port
1
4.77 to ( 22.5
100
-53.9 dBc
Table 6-57-3: ABS Spectrum Emission Mask for 8.75 MHz Bandwidth Band Class 1-Korea, Ptx≤29 dBm
Segment Number
Offset (f from channel center (MHz)
Measurement bandwidth (KHz)
Allowed emission as measured at the antenna port
1
4.77 to ( 22.5
100
-14.5
ABS Band Class 3 – TDD 

Table 6-58: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 3
Frequency offset from centre

Allowed emission level

Integration Bandwidth

2.5 ( (f  3.5 MHz

(13 dBm

50 kHz

3.5 ( (f ( 12.5 MHz

(13 dBm

1 MHz

Table 6-59: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class

Frequency offset from centre

Allowed emission level

Integration Bandwidth

5 ( (f  6 MHz

(13 dBm

100 kHz

6 ( (f ( 25 MHz

(13 dBm

1 MHz

Table 6-60: ABS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 3

Frequency offset from centre

Allowed emission level

Integration Bandwidth

10 ( (f  11 MHz

(13 dBm

200 kHz

11 ( (f ( 50 MHz

(13 dBm

1 MHz

Table 6-61: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 3-Japan

Frequency offset from centre

Allowed emission level

Integration Bandwidth

7.5 MHz ( (f < 12.25

(15(1.4 × ((f (7.5) dBm

1 MHz

12.25 ( (f ( 22.5 MHz

(22 dBm

1 MHz

Table 6-62: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 3-Japan

Frequency offset from centre

Allowed emission level


Integration Bandwidth

15 ( (f ( 25 MHz

(22 dBm

1 MHz

ABS Band Class 3 – FDD 
Table 6-63: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 3 - United States
Frequency offset from centre

Allowed emission level

Integration Bandwidth

2.5 ( (f  3.5 MHz

(13 dBm

50 kHz

3.5 ( (f ( 12.5 MHz

(13 dBm

1 MHz

Table 6-64: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 3 - United States
Frequency offset from centre

Allowed emission level

Integration Bandwidth
5 ( (f  6 MHz

(13 dBm

100 kHz

6 ( (f ( 25 MHz

(13 dBm

1 MHz

Table 6-65: ABS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 3 - United States

Frequency offset from centre

Allowed emission level

Integration Bandwidth

10 ( (f  11 MHz

(13 dBm

200 kHz

11 ( (f ( 50 MHz

(13 dBm

1 MHz

ABS Band Class 5 – TDD 
The Spectrum Emission Mask for 5, 10 and 20 MHz bandwidth sizes are specified in Tables 6-66 and 6-67. Table 6-66 specifies breakpoints of the underlying piecewise linear power spectral density mask. This mask is a relative mask and conditionally applicable depending on the ABS Pnom power level. Table 6-67 specifies the emission levels of an underlying piecewise step function applicable conditionally only to some of Pnom power levels. 
Table 6-66: ABS Relative Transmit Spectral Power Density Mask 

Power  

Frequency Offset

0.5*BW

0.71*BW

1.06*BW

2.0*BW

2.5*BW

39 dBm  Pnom
-20 dB

-27 dB

-32 dB

-50dB

-50dB

33 dBm  Pnom ≤39 dBm

-20 dB

-27 dB

-32 dB

-50 dB + (39 dBm - Pnom) 
Refer to Table 6-67
Table 6-67: ABS Absolute Spectral Emission Mask

Power

Frequency Offset
0.50 BW ( (f  0.71 BW

0.71 BW ( (f  1.06 BW

1.06 BW ( (f  2.00 BW

2.00 BW ( (f  (  2.50 BW

33 dBm  Pnom  ≤ 39 dBm 

Refer to Table 6-66
Refer to Table 6-66
Refer to Table 6-66
-21 + x dBm/MHz

Pnom  ≤  33 dBm 

-5.5 dBm/MHz

-5.5 dBm/MHz

-23.5 dBm/MHz

-23.5 dBm/MHz

Notes: In Table 6-67, x = -10 log(BW/10).
ABS Band Class 6 – Sub-band 1710-1755/2110-2155 MHz

The Spectrum Emission Mask of Table 6-68, Table 6-69, and Table 6-70 apply to the United States.

Table 6-68: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 5 (1710-1755/2110-2155 MHz)
Segment Number

Offset from channel center       (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/integration BW) at the antenna port.

1

2.5 to < 3.5

50

-13

2

3.5 to ( 12.5
1000

-13

Table 6-69: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 5 (1710-1755/2110-2155 MHz)

Segment Number

Offset from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to < 6

100

-13

2

6 to ( 25

1000

-13

Table 6-70: ABS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 5 (1710-1755/2110-2155 MHz)
Frequency offset from centre

Allowed emission level

Integration Bandwidth

10 ( (f  11 MHz

(13 dBm

200 kHz

11 ( (f ( 50 MHz

(13 dBm

1 MHz

ABS Band Class 7

The Spectrum Emission Mask of Table 6-71, Table 6-72, and Table 6-73 apply to the United States.

Table 6-71: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 7 - United States

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to  < 2.6

30

-13

2

2.6 to (12.5

100

-13

Notes: 

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 2.515 MHz; the last is at (f equals to 2.585 MHz. The first measurement position with a 100 kHz filter is at (f equals to 2.650 MHz; the last is at (f equals to 12.450 MHz.  

Table 6-72: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 7 - United States

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5.0 to < 5.1

30

-13

2

5.1 to ( 25.0

100

-13

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 5.015 MHz; the last is at (f equals to 5.085 MHz. The first measurement position with a 100 kHz filter is at (f equals to 5.150 MHz; the last is at (f equals to 24.950 MHz.  

Table 6-73: ABS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 7 - United States

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10.0 to <10.1

30

-13

2

10.1 to ( 50.0

100

-13

Notes:

1. (f is the separation between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 30 kHz filter is at (f equals to 10.015 MHz; the last is at (f equals to 10.085 MHz. The first measurement position with a 100 kHz filter is at (f equals to 10.150 MHz; the last is at (f equals to 50.950 MHz.  

The Spectrum Emission Mask of Table 6-74, Table 6-75, and Table 6-76 apply to Europe.

Table 6-74: ABS Spectrum Emission Mask for 5 MHz Bandwidth Band Class 7 - Europe
Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

2.5 to <7.5

100

-7-7(∆f-2.55)/5

2

7.5 to (12.5

100

-14

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 100 kHz filter is at (f equals to 2.550 MHz; the last is at (f equals to 12.450 MHz. 
3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.
Table 6-75: ABS Spectrum Emission Mask for 10 MHz Bandwidth Band Class 7 - Europe

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

5 to <10

100

-7-7(∆f-5.05)/5

2

10 to <15

100

-14

3

15 to (25

100

-13 

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 100 kHz filter is at (f equals to 5.05 MHz; the last is at (f equals to 24.95 MHz. 

3. Integration Bandwidth refers to the frequency range over which the emission power is integrated.
Table 6-76: ABS Spectrum Emission Mask for 20 MHz Bandwidth Band Class 7 - Europe

Segment Number

Frequency offset (f from channel center (MHz)

Integration Bandwidth (kHz)

Allowed Emission Level (dBm/Integration Bandwidth) as measured at the antenna port

1

10 to <15

100

-7-7(∆f-10.05)/5

2

15 to <20

100

-14

3

20 to (50

100

-13

Notes: 

1. (f is the absolute value of separation in MHz between the carrier frequency and the centre of the measuring filter.

2. The first measurement position with a 100 kHz filter is at (f equals to 10.05 MHz; the last is at (f equals to 49.95 MHz. 

Integration Bandwidth refers to the frequency range over which the emission power is integrated.

	4.2.3.2.23.6
	Describe any MS power saving mechanisms used in the RIT.

The proposed RIT provides AMS power management functions including sleep mode and idle mode to reduce AMS battery consumption (see item 4.2.3.2.6.3).

Sleep mode is a state in which an AMS conducts pre-negotiated periods of absence from the S-ABS air interface. Per AMS, a single power saving class is managed in order to handle all the active connections of the AMS. Sleep mode may be activated when an AMS is in the connected state. When sleep mode is active, the AMS is provided with a series of alternate listening window and sleep windows. The listening window is the time in which the AMS is available to exchange control signaling as well as data between itself and the ABS.  The proposed RIT provides a framework for dynamically adjusting the duration of sleep windows and listening windows within a sleep cycle based on changing traffic patterns and HARQ operations. The length of successive sleep windows may remain constant or may be adaptive based on traffic conditions. Sleep windows and listening windows can be dynamically adjusted for the purpose of data transportation as well as MAC control signaling transmission. AMS can send and receive data and MAC control signaling without deactivating the sleep mode. 

Idle mode provides efficient power saving for the AMS by allowing the AMS to become periodically available for DL broadcast traffic messaging (e.g. Paging message) without registration at a specific ABS. The network assigns idle mode AMS to a paging group during idle mode entry or location update. The design allows the network to minimize the number of location updates performed by the AMS and the paging signaling overhead caused to the ABSs. The idle mode operation considers user mobility. ABSs and idle mode AMSs  may belong to one or multiple paging groups in order to minimize the number of location updates and paging load without increasing average paging delay and without increasing the overhead of transmitting of multiple paging IDs by the ABSs.  Idle mode AMSs may be assigned paging groups of different sizes and shapes based on user mobility. The AMS monitors the paging message at AMS’s paging listening interval. The start of the AMS’s paging listening interval is derived based on paging cycle and paging offset. Paging offset and paging cycle are defined in terms of number of superframes.

	4.2.3.2.23.7
	Simulation process issues

Describe the methodology used in the analytical approach.

Proponent should provide information on the width of confidence intervals of user and system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information as requested in § 7.1 of Report ITU-R M.2135.

In the case of the InH test environment, 200 independent drops are simulated. Since each drop generates results for 20 users (10 users in each of 2 omnidirectional cells), statistics are generated over 200*20 = 4,000 user positions.

In the case of the UMi, UMa, and RMa test environments, 10 independent drops are simulated. Since each drop generates results for 570 users (10 users in each of 57 sectors), statistics are generated over 10*570 = 5,700 user positions.

Please refer to Section 7, Self-evaluation report for detailed description of simulation methodology. 
The confidence interval can be calculated for each test environment based on the above data provided that additional assumptions are made on parameters such as the level of confidence, status of a priori knowledge on factors such as mean and standard deviation, etc. 

	4.2.3.2.24
	Other information

Please provide any additional information that the proponent believes may be useful to the evaluation process.

The proposed RIT supports femto-cell operations as an overlay in macro-cell deployments. See Section 15 of {4} for more information.

A femto ABS is an ABS with low transmit-power, typically installed by a subscriber in home or SOHO to provide the access to closed or open group of users as configured by the subscriber and/or the access provider. A femto ABS is connected to the service provider’s network via broadband connection (such as DSL, or cable).  

Femto ABS typically operates in licensed spectrum and may use the same or different frequency as macro-cells. Their coverage may overlap with macro ABS.

A femto ABS may belong to one of the following types. 

· Closed Subscriber Group (CSG): A CSG femto ABS is accessible only to the AMSs, which are member of the CSG, except for emergency services. AMSs which are not the members of the CSG, should not try to access CSG femto ABSs. The member of the CSG can be modified by the service level agreement between the subscriber and the access provider.

· Open Subscriber Group (OSG): An OSG femto ABS is accessible to any AMSs.

Femto ABSs and macro ABSs are differentiated using Cell IDs, which is obtained from the preambles. This enables AMSs to quickly identify cells types, avoid too frequent handover attempts into and out of a femto ABS, and avoid performing unnecessary network entry/re-entry. 

CSG and OSG femto ABSs are differentiated using MAC level identifiers to help an AMS determine its designated femto ABSs vs. other femto ABSs based on which it can apply necessary rules and procedures for network entry and handover in a timely fashion.

A femto ABS synchronizes with the network to a common timing and frequency signal. A femto ABSs may use different schemes to achieve synchronization with the network to handle various deployment scenarios. A femto ABSs may synchronize with the overlay ABS’s A-PREAMBLE to automatically adjust its DL synchronization. A femto ABS may maintain synchronization with the overlay ABSs over the air. 

See Section 15 of {4} for more details on femto ABS support in the proposed RIT.


6.2
Description template – link budget 

Guidelines of ITU-R M.2135 {7} have been followed in development of link budget tables in this section. 

In addition, the following assumptions have been used:
· Number of transmit/receive antennas

· ABS: 4 transmit antennas and 4 receive antennas

· AMS: 2 transmit antennas and 2 receive antennas

· Target packet error rate

· Data channel: 10% (for initial transmission)

· Control channel: 1%

· Control channel

· DL: A-A-MAP with QPSK 1/8

· UL: 6bit P-FBCH 

· MIMO transmission scheme

· DL data: rank-1 wideband beamforming 
· DL control: SFBC with non-adaptive precoder 

· UL data: rank-1 wideband beamforming
· UL control: single transmit antenna transmission

· Permutation (subchannelization)

· DL/UL data: miniband Contiguous Resource Unit (CRU)

· DL control: DRU 
· UL control: P-FBCH
· Pilot boosting: 2dB pilot boosting over data tone for DL and no pilot boosting for UL

· Transmitter array gain is included in required SNR

· No HARQ is assumed for control channel

· 0.5 dB HARQ combining gain for data channel

· Shadowing fade margin

· Shadowing fade margin is determined as a function of the cell edge coverage reliability and the standard deviation of the log-normal shadow fading (including penetration losses, if applicable). Cell edge coverage reliability is determined for the given area coverage reliability as a function of the shadow fading standard deviation and the path loss exponent obtained from the pathloss model. The cell edge reliability can be determined using simulations or using traditional numerical methods. 
Table 6-77

Shadowing fade margin information

	
	InH NLoS
	UMi NLoS
	UMa NLoS
(in-car coverage)
	RMa NLoS
(in-car coverage)

	Shadow fading standard deviation
	4 dB
	4 dB
	7.8 dB
	9.4 dB

	Pathloss exponent
	4.33
	3.67
	3.91
	3.86

	Shadowing fade margin 
	2.8 dB
	3.1 dB
	8.1 dB
	10.4 dB


Below are link budget tables for all test environments
; TDD indoor hotspot in Table 6-78, FDD indoor hotspot in Table 6-79, TDD urban micro-cell in Table 6-80, FDD urban micro-cell in Table 6‑81, TDD urban macro-cell in Table 6-82, FDD urban macro-cell in Table 6-83, TDD rural macro-cell in Table 6-84 and FDD rural macro-cell in Table 6-85. 

TABLE 6-78

Link budget template for indoor test environment (indoor hotspot deployment scenario) - TDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	3.4
	3.4

	BS antenna heights (m)
	6
	6

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	20,230,593
	980,290

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.856
	0.830

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	3
	3

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	18
	18

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	24
	21

	(4) Transmitter antenna gain (dBi)
	0
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	21
	20

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	20.73
	20

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	0

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	–174
	–174

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-166.21 
	-167.81 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	37808640
	3150720

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-90.43 
	-102.82 

	(19a) Required SNR for the control channel (dB) 
	-0.56
	-2.48

	(19b) Required SNR for the data channel (dB) 
	1.41
	-0.24

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-89.00 
	-103.30 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-87.52 
	-101.57 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) – (22a)   dB
	110.00 
	123.30 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) – (22b)  dB
	108.25 
	121.57 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	4
	4

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	2.8
	2.8

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	0
	0

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	106.20 
	117.50 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	104.45 
	115.77 

	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	87.39
	159.42(4)

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	79.65 
	145.37 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	23993.85 
	79846.00 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	19929.95 
	66391.76 

	(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
(4)  InH NLoS pathloss model is only defined for less than 150m. Even though the maximum range for uplink control channel exceeds 150m, same pathloss model is used.


TABLE 6-79
Link budget template for indoor test environment (indoor hotspot deployment scenario) - FDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	3.4
	3.4

	BS antenna heights (m)
	6
	6

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	16,955,780 
	2,520,745

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.897
	0.800

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	3
	3

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	15
	18

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	21
	21

	(4) Transmitter antenna gain (dBi)
	0
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	18
	20

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	17.73
	20

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	0

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	–174
	-174

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-166.21 
	-167.81 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	18904320
	3150720

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-93.44 
	-102.82 

	(19a) Required SNR for the control channel (dB) 
	-0.56
	-2.48

	(19b) Required SNR for the data channel (dB) 
	1.23
	-0.50

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-92.01 
	-103.30 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-90.71 
	-101.82 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	110.01 
	123.30 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	108.44
	121.82

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	4
	4

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	2.8
	2.8

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	0
	0

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	106.21 
	117.50 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	104.64 
	116.02 

	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	87.44
	159.42(4)

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	80.46 
	147.37 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	24020.14 
	79846.00 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	20337.43 
	68224.73 

	(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
(4)  InH NLoS pathloss model is only defined for less than 150m. Even though the maximum range for uplink control channel exceeds 150m, same pathloss model is used.


TABLE 6-80
Link budget template for microcellular test environment (urban micro-cell deployment scenario) - TDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	2.5
	2.5

	BS antenna heights (m)
	10
	10

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	7,529,917
	212,755

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.637
	0.720

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	3
	3

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	38 
	21 

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	44
	24

	(4) Transmitter antenna gain (dBi)
	17
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	58
	23

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	57.73
	23

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	17

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	-165
	-166

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-162.88 
	-164.24 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	18904320
	787680

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-90.11 
	-105.27 

	(19a) Required SNR for the control channel (dB) 
	-1.57 
	-4.10 

	(19b) Required SNR for the data channel (dB) 
	-1.05 
	-0.96

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-89.68 
	-107.37 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-89.66 
	-104.73 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	147.68 
	147.37 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	147.39 
	144.73 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	4
	4

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	3.10 
	3.10 

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	0
	0

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	143.58 
	141.27 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	143.29 
	138.63 

	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	1030.29 
	891.56 

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	1011.89 
	755.50 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	3334807.34 
	2497180.50 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	3216769.97 
	1793159.90 

	(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.



TABLE 6-81

Link budget template for microcellular test environment (urban micro-cell deployment scenario) - FDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	2.5
	2.5

	BS antenna heights (m)
	10
	10

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	5,849,421 
	611,334 

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.619 
	0.776 

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	3
	3

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4 
	2 

	(2) Maximal transmit power per antenna (dBm)
	35 
	21 

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	41 
	24 

	(4) Transmitter antenna gain (dBi)
	17 
	0 

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0 
	0 

	(6) Control channel power boosting gain (dB)
	0 
	0 

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734 
	0 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3 
	1 

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	55 
	23 

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	54.73 
	23 

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2 
	4 

	(11) Receiver antenna gain (dBi)
	0 
	17 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1 
	3 

	(13) Receiver noise figure (dB)
	7 
	5 

	(14) Thermal noise density (dBm/Hz)
	-174 
	-174 

	(15) Receiver interference density (dBm/Hz)
	-165.00 
	-166.00 

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-162.88 
	-164.24 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	9452160 
	787680 

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-93.12 
	-105.27 

	(19a) Required SNR for the control channel (dB) 
	-1.57
	-4.10 

	(19b) Required SNR for the data channel (dB) 
	-1.68 
	-1.14 

	(20) Receiver implementation margin (dB)
	2 
	2 

	(21a) H-ARQ gain for control channel (dB)
	0 
	0 

	(21b) H-ARQ gain for data channel (dB)
	0.5 
	0.5 

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-92.69 
	-107.37 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-93.30 
	-104.91 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	147.69 
	147.37 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	148.03 
	144.91 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	4 
	4 

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	3.10 
	3.10 

	(26) BS selection/macro-diversity gain (dB)
	0 
	0 

	(27) Penetration margin (dB)
	0 
	0 

	(28) Other gains (dB) (if any please specify)
	0 
	0 

	(29a) Available path loss for control channel 
         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	143.59 
	141.27 

	(29b) Available path loss for data channel 
          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	143.93 
	138.81 


	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	1030.96 
	891.56 

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	1053.45 
	763.94 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	3339120.21 
	2497180.50 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	3486434.72 
	1833460.41 


(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
TABLE 6-82
Link budget template for base coverage urban test environment (urban macro-cell deployment scenario) - TDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	2
	2

	BS antenna heights (m)
	25
	25

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	7,529,917
	212,755

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.637
	0.720

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	30
	30

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	43 
	21 

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	49
	24

	(4) Transmitter antenna gain (dBi)
	17
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	63
	23

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	62.73
	23


	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	17

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	-165
	-166

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-162.88 
	-164.24 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	18904320
	787680

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-90.11 
	-105.27 

	(19a) Required SNR for the control channel (dB) 
	-1.95 
	-3.97 

	(19b) Required SNR for the data channel (dB) 
	-0.21 
	-0.82 

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-90.06 
	-107.24 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-88.82 
	-104.59 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	153.06 
	147.24 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	151.55 
	144.59 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	7.8
	7.8

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	8.1
	8.1

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	9
	9

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	134.96 
	127.14 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	133.45 
	124.49 


	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	891.93 
	562.90 

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	816.07 
	481.56 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	2499264.75 
	995447.89 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	2092190.06 
	728546.98 


(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
TABLE 6-83
Link budget template for base coverage urban test environment (urban macro-cell deployment scenario) - FDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	2
	2

	BS antenna heights (m)
	25
	25

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	5,849,421 
	611,334 

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.619
	0.776

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	30
	30

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	40 
	21 

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	46
	24

	(4) Transmitter antenna gain (dBi)
	17
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	60
	23

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	59.73
	23

	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	17

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	-165
	-166

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-162.88 
	-164.24 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	9452160
	787680

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-93.12 
	-105.27 

	(19a) Required SNR for the control channel (dB) 
	-1.95 
	-3.97 

	(19b) Required SNR for the data channel (dB) 
	-0.24 
	-0.59 

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-93.07 
	-107.24 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-91.86 
	-104.36 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	153.07 
	147.24 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	151.59 
	144.36 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	7.8
	7.8

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	8.1
	8.1

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	9
	9

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	134.97 
	127.14 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	133.49 
	124.26 

	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	892.47 
	562.90 

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	817.87 
	475.03 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	2502298.50 
	995447.89 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	2101435.73 
	708919.02 


(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
TABLE 6-84
Link budget template for high speed test environment (rural macro-cell deployment scenario) – TDD

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	0.8
	0.8

	BS antenna heights (m)
	35
	35

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	7,529,917
	212,755

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.637
	0.720

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	120
	120

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	43 
	21 

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	49
	24

	(4) Transmitter antenna gain (dBi)
	17
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	63
	23

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	62.73
	23


	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	17

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	-165
	-166

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-162.88 
	-164.24 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	18904320
	787680

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-90.11 
	-105.27 

	(19a) Required SNR for the control channel (dB) 
	-1.19
	-2.42

	(19b) Required SNR for the data channel (dB) 
	-0.70 
	0.37 

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-89.30 
	-105.69 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-89.31 
	-103.40 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	152.30 
	145.69 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	152.04 
	143.40 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	9.4
	9.4

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	10.4
	10.4

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	9
	9

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	131.90 
	123.29 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	131.64 
	121.00 


	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	2361.39 
	1412.39 

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	2323.96 
	1232.23 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	17517973.59 
	6267014.62 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	16967146.48 
	4770131.41 


(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
TABLE 6-85
Link budget template for high speed test environment (rural macro-cell deployment scenario) – FDD 

	Item
	Downlink
	Uplink

	System configuration

	Carrier frequency (GHz)
	0.8
	0.8

	BS antenna heights (m)
	35
	35

	UT antenna heights (m)
	1.5
	1.5

	Cell area reliability(1) (%) (Please specify how it is calculated.)
	95%
	95%

	Transmission bit rate for control channel (bit/s)
	89,600
	1,200

	Transmission bit rate for data channel (bit/s)
	5,849,421 
	611,334 

	Target packet error rate for the required SNR in item (19a) for control channel
	10-2
	10-2

	Target packet error rate for the required SNR in item (19b) for data channel
	10-1
	10-1

	Spectral efficiency(2) (bit/s/Hz) for data
	0.619
	0.776

	Pathloss model(3) (select from LoS or NLoS)
	NLoS
	NLoS

	Mobile speed (km/h)
	120
	120

	Feeder loss (dB)
	2
	2

	Transmitter

	(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	4
	2

	(2) Maximal transmit power per antenna (dBm)
	40 
	21 

	(3) Total transmit power = function of (1) and (2) (dBm)

(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)
	46
	24

	(4) Transmitter antenna gain (dBi)
	17
	0

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0
	0

	(6) Control channel power boosting gain (dB)
	0
	0

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.2734
	0

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	3
	1

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm
	60
	23

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm
	59.73
	23


	Receiver

	(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)
	2
	4

	(11) Receiver antenna gain (dBi)
	0
	17

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	1
	3

	(13) Receiver noise figure (dB)
	7
	5

	(14) Thermal noise density (dBm/Hz)
	–174
	–174

	(15) Receiver interference density (dBm/Hz)
	-165
	-166 

	(16) Total noise plus interference density

        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz
	-162.88 
	-164.24 

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	9452160
	787680

	(18) Effective noise power = (16) + 10 log((17)) dBm
	-93.12 
	-105.27 

	(19a) Required SNR for the control channel (dB) 
	-1.19 
	-2.42 

	(19b) Required SNR for the data channel (dB) 
	-1.06 
	1.03 

	(20) Receiver implementation margin (dB)
	2
	2

	(21a) H-ARQ gain for control channel (dB)
	0
	0

	(21b) H-ARQ gain for data channel (dB)
	0.5
	0.5

	(22a) Receiver sensitivity for control channel

         = (18) + (19a) + (20) – (21a)  dBm
	-92.31 
	-105.69 

	(22b) Receiver sensitivity for data channel 

         = (18) + (19b) + (20) – (21b)  dBm
	-92.68 
	-102.74 

	(23a) Hardware link budget for control channel 

         = (9a) + (11) − (22a)   dB
	152.31 
	145.69 

	(23b) Hardware link budget for data channel 

          = (9b) + (11) − (22b)  dB
	152.40 
	142.74 

	Calculation of available pathloss

	(24) Lognormal shadow fading std deviation (dB)
	9.4
	9.4

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 
	10.4
	10.4

	(26) BS selection/macro-diversity gain (dB)
	0
	0

	(27) Penetration margin (dB)
	9
	9

	(28) Other gains (dB) (if any please specify)
	0
	0

	(29a) Available path loss for control channel 

         = (23a) – (25) + (26) – (27) + (28) – (12)   dB
	131.91 
	123.29 

	(29b) Available path loss for data channel 

          = (23b) – (25) + (26) – (27) + (28) – (12)   dB
	132.00 
	120.34 


	Range/coverage efficiency calculation

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)
	2362.84 
	1412.39 

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	2375.49 
	1184.79 

	(31a) Coverage Area for control channel = (π (30a)2) (m2/site)
	17539513.53 
	6267014.62 

	(31b) Coverage Area for data channel = (π (30b)2) (m2/site)
	17727874.98 
	4409968.99 


(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.

(2) 
The spectral efficiency of the chosen modulation scheme.

(3)  The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.
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L1/L2 Overhead Calculation

See attached embedded spreadsheet. 
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7
Self-evaluation report 

IEEE confirms that the proposed RIT meets all the requirements for IMT-Advanced as specified by the service related minimum capabilities (Section 4.2.4.1), the spectrum capability requirements (Section 4.2.4.2), and all minimum technical requirements (Section 4.2.4.3) of Report ITU‑R M.2133 [5].

7.1
Overview 

This section provides the details of the proposed RIT’s evaluation results for the completion of the compliance template for technical performance in Report ITU-R M.2133 [5]. The performance evaluation results are presented for the entries of cell spectral efficiency (Section 7.2.1), cell edge user spectral efficiency (Section 7.2.1), number of supported VoIP users (Section 7.2.2), mobility traffic channel link data rates (Section 7.2.3), peak spectral efficiency (Section 7.2.4), control plane latency (Section 7.2.5), user plane latency (Section 7.2.5), intra-frequency hand-over interruption time (Section 7.2.5), inter-frequency handover interruption time within a spectrum band (Section 7.2.5), and inter-frequency handover interruption time between spectrum bands (Section 7.2.5).  The evaluation results for other entries in the compliance template for technical performance, i.e. bandwidth, mobility classes, and inter-system handover, are provided in entries of comments in its compliance template in Section 8.3. The evaluation results for the completions of the compliance template for services and compliance template for spectrum in Report ITU‑R M.2133 [5] are presented in entries of evaluator’s comments and spectrum capability requirements in each compliance template in Sections 8.1 and 8.2, respectively.

All results for the completion of the compliance template for technical performance were generated based on both Report ITU-R M.2135 [7] and IMT-ADV/3 following ITU-R guidelines. Evaluation assumptions used for evaluating the performance of the RIT through simulations that are in addition to those in [7] are based on [4] and [6] and are outlined in Annex 3. Any additional simulation assumptions not explicitly specified in Annex 3 are presented in each relevant section below. System-level simulation calibration information is contained in [14].
All final results obtained through evaluations in this section are reflected in the compliance template for technical performance in Section 8.3.

7.2
Evaluation results

7.2.1
Cell spectral efficiency and cell-edge user spectral efficiency

7.2.1.1
Simulation assumptions and parameters for full-buffer data traffic
The simulation assumptions and configuration parameters used in simulations for full-buffer data traffic are described in the tables in Annex 3. Compared to the tables in Annex 3, the following modifications/additions are made for full-buffer data traffic in FDD/TDD operations:

DL configuration

–
Subchannelization for data allocations: In the case of the InH and UMi, Scheme-1 (subband-based CRU subchannelization) was selected in the simulations. In the case of UMa and RMa, Scheme-2 (miniband-based CRU subchannelization) was simulated. 
–
Multi-antenna Transmission Format for data: In the case of InH and UMi, the 6-bit transformed codebook based MU-MIMO scheme was simulated using the 4 x 2 configuration, i.e., adaptive switching among rank-1, rank-2, rank-3, and rank-4 transmission. In the case of UMa and RMa, MU-MIMO with long term beamforming was simulated using 4 x 2 configuration, i.e., adaptive switching among rank-1, rank-2, rank-3, and rank-4 transmission.  
–
Receiver Structure: The MMSE receiver was simulated for the AMS for both channel estimation and data detection. 
–
HARQ: Chase combining HARQ with maximum retransmission delay of four frames was used for the simulations. 
–
Control signalling: Signalling errors were modelled for A-A-MAP and HF-A-MAP, and sounding estimation errors were modelled for A-MIDAMBLE. 
–
Control Channel Overhead: Dynamic overhead modelling for A-A-MAP and HF-A-MAP and fixed overhead modelling for non-user specific A-MAP (NUS-A-MAP), 
A-PREAMBLE, A-MIDAMBLE, and SFH are used in this contribution. Detailed calculation of the DL control channel overhead for each test environment is shown in Section 7.2. 1.2 
UL configuration

–
Subchannelization for data allocations: In the case of the InH and UMi, Scheme-1 (subband-based CRU subchannelization) was selected in the simulations. In the case of UMa and RMa, Scheme-2 (miniband-based CRU subchannelization) was simulated.
–
Multi-antenna transmission format for data: In the case of the InH and UMi, the 3-bit codebook-based MU-MIMO scheme was selected with adaptive switching between a single user and collaborative spatial multiplexing using 2 x 4 antenna configuration. In the case of UMa and RMa, the MU-MIMO scheme with long-term beamforming and adaptive switching between a single user and collaborative spatial multiplexing was used in the simulations using 2 x 4 antenna configuration.
–
Receiver structure: The MMSE receiver was simulated for the ABS for both channel estimation and data detection. 
–
HARQ: Chase combining HARQ with retransmission delay of four frames was used for the simulations. 
–
Control signalling: Signalling errors were modeled for Primary Feedback Control Channel (P-FBCH) (UMa, RMa), Secondary Feedback Control Channel (S-FBCH) (InH, UMi), and HARQ Feedback Control Channel (H-FBCH), and sounding estimation errors were modelled for the Sounding channel.
–
Control Channel Overhead: Dynamic overhead modeling for P-FBCH, S-FBCH and H‑FBCH and fixed overhead modeling for Long-Term Covariance Matrix (LT-CM), Initial Ranging (IR), and Bandwidth Request (BW-REQ) are adopted. Detailed calculation of the UL control channel overhead for each test environment is shown in Section 7.2.1.2.
7.2.1.2
Control channel overhead calculations

In this section, details of the control overhead calculations for DL and UL are presented. 

DL calculations
The following assumptions were made for the DL control channels:

–
A-A-MAP: The A-A-MAP control overhead is dynamically calculated based on the scheduler allocations in each simulated frame of both DL and UL in each test environment. The average DL A-A-MAP and UL A-A-MAP overhead is accounted for in the estimation of the cell spectral efficiency and cell-edge user spectral efficiency. 

–
HF-A-MAP: The overhead calculation for the HF-A-MAP channel is based on the dynamic calculation of the required ACKs/NACKs from the UL system level simulations for each test environment. 

–
A-PREAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed for both TDD and FDD.

–
A-MIDAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed for both TDD and FDD.

–
SFH: Fixed overhead of 20 Logical Resource Unit (LRU)s per superframe is assumed for both FDD and TDD.
Table 7-1 contains the summary of the DL control channel overhead calculations for TDD and FDD.
Table 7-1

Summary of DL total control channel overhead percentage per mode (TDD/FDD)
and test environment (InH, UMi, UMa, RMa)
	
	InH
	UMi
	UMa
	RMa

	TDD
	9.19%
	12.33%
	11.17%
	11.15%

	FDD
	9.74%
	16.28%
	13.77%
	13.63%


UL calculations

The following assumptions were made for the UL control channels:

–
P-FBCH: The UL control overhead of the P-FBCH is calculated according to the P-FBCH reporting period of 5 ms for UMa and RMa, and by assuming that all 10 users/sector transmit the PFBCH in each 5 ms frame. 

–
S-FBCH/UL MAC management: The feedback of CQI/PMI is done either through S-FBCH or UL MAC management messages. In both cases, the reporting period is 5 ms for both TDD and FDD. 
–
H-FBCH: The overhead of the H-FBCH was based on the dynamic calculation of the required ACKs/NACKs from the DL system level simulations for each test environment.

–
LT-CM: Although the feedback of the LT-CM is not assumed to be received through a dedicated UL control channel but through a regular UL MAC management burst, its overhead is included in the calculation of the UL control overhead. Fixed overhead of the LT-CM feedback is assumed assuming a reporting period of 20 ms for both UMa and RMa. 

–
Sounding: To enable the required sounding capabilities for both FDD and TDD, fixed overhead of 1 symbol per long TTI for both TDD and FDD is assumed. 
–
IR: Fixed overhead of 4 LRUs per superframe is assumed for both TDD and FDD.

–
BW-REQ: Fixed overhead of 4 LRUs per superframe is assumed for both TDD and FDD.
Table 7-2 contains the summary of the UL control channel overhead calculations for TDD and FDD.
Table 7-2

Summary of UL total control channel overhead percentage per mode (TDD/FDD)
and test environment (InH, UMi, UMa, RMa)
	
	InH
	UMi
	UMa
	RMa

	TDD
	7.85%
	12.60%
	9.23%
	8.34%

	FDD
	6.02%
	10.58%
	8.01%
	6.51%


7.2.1.3
Cell spectral efficiency and cell edge user spectral efficiency results
In Section 7.2.1.3.1, DL cell spectral efficiency and cell edge user spectral efficiency results obtained from performance evaluation of the RIT are presented for both TDD and FDD. The corresponding numbers for the UL are presented in Section 7.2.1.3.2.

7.2.1.3.1
DL results

Table 7-5 and Table 7-6 present the TDD DL cell spectral efficiency and cell-edge user spectral efficiency, respectively, for all test environments. Table 7-7 and Table 7-8 present the corresponding numbers for FDD. In each table, the ITU-R requirement for each test environment is also shown.
Table 7-5

DL cell spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	6.93
	3.22
	2.41
	3.23

	ITU-R requirement
	3.0
	2.6
	2.2
	1.1


Table 7-6

DL cell edge user spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.260
	0.092
	0.069
	0.093

	ITU-R requirement
	0.1
	0.075
	0.06
	0.04


Table 7-7

DL cell spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	6.87
	3.27
	2.41
	3.15

	ITU-R requirement
	3.0
	2.6
	2.2
	1.1


Table 7-8

DL cell edge user spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.253
	0.097
	0.069
	0.091

	ITU-R requirement
	0.1
	0.075
	0.06
	0.04


7.2.1.3.2
UL results
Table 7-9 and Table 7-10 present the TDD UL cell spectral efficiency and cell edge user spectral efficiency, respectively, for all test environments. Table 7-11 and Table 7-12 present the corresponding numbers for FDD. In each table, the ITU-R requirements for each test environment are also shown.

Table 7-9
UL cell spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	5.99
	2.58
	2.57
	2.66

	ITU-R requirement
	2.25
	1.8
	1.4
	0.7


Table 7-10
UL cell edge user spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.426
	0.111
	0.109
	0.119

	ITU-R requirement
	0.07
	0.05
	0.03
	0.015


Table 7-11
UL cell spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	6.23
	2.72
	2.69
	2.77

	ITU-R requirement
	2.25
	1.8
	1.4
	0.7


Table 7-12
UL cell edge user spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.444
	0.119
	0.114
	0.124

	ITU-R requirement
	0.07
	0.05
	0.03
	0.015


Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced cell spectral efficiency and cell edge spectral efficiency. See Annex 4 for supporting details on the results presented above. 
7.2.2
VoIP capacity
7.2.2.1
Simulation assumptions and parameters for VoIP traffic

The modeling assumptions and configurations used in the system level simulations for VoIP are as described in tables in Annex 3. Additional details relevant to system level simulations of the RIT for VoIP are listed in this section. In relations to information in Annex 3, the following items are specific to VoIP traffic:

DL configuration
–
Subchannelization for VoIP allocations: A mix of DRU and miniband CRU subchannelization schemes is used in the simulations. Since the control channels are always allocated in distributed resources, a fixed partition is used in each subframe between the DRU and miniband CRU resources. 
–
Multi-antenna transmission format for VoIP: In the case of DRU, SFBC with non-adaptive precoding is used. In the case of miniband CRU, rank-1 tranmission with wideband beamforming is used. 

–
Receiver structure: The MMSE receiver was simulated for the AMS for both channel estimation and data detection. 

–
HARQ: Chase combining HARQ with maximum retransmission delay of 4 frames was used.
–
Control channel overhead: 
i)
A-MAP Region: A fixed overhead is assumed for NUS-A-AMAP and HF-A-MAP. The A-A-MAP control overhead is explicitly simulated based on the scheduler allocations in each simulated subframe on both DL and UL in each test environment.
ii)
A-PREAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed.

iii)
A-MIDAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed. Midamble estimation errors are included in the presented results. 
iv)
SFH: 20 LRUs are reserved for the SFH in the first subframe of every superframe. 
–
Control channel signalling errors: Explicitly modelled in the VoIP simulations for both FDD and TDD. 
–
Persistent scheduling: Persistent scheduling for individual VoIP connections as described in [6] is modelled. The MAC procedure and dynamic control overhead based on the persistent allocation A-MAP IE for initial transmissions is modelled. HARQ retransmissions are not scheduled persistently. 
–
Control channel overhead: A dynamic overhead model for the A-A-MAP and SFH and a fixed overhead model for the other DL control channels are used. 
UL configuration
–
Subchannelization for VoIP allocations: DRU-based subchannelization is used.
–
Multi-antenna transmission format for VoIP: Open loop SFBC with a 2 x 4 antenna configuration is used. 
–
Receiver structure: The MMSE receiver was simulated for the ABS for both channel estimation and data detection. 
–
HARQ: Chase combining HARQ with retransmission delay of four frames was used for the simulations. 
–
Control signalling: 
i)
P-FBCH: The P-FBCH is utilized for feeding back CQI information. Additionally, when wideband beamforming is used, wideband PMI is also fed back. UL control overhead induced by the P-FBCH is calculated in a fixed manner according to the reporting period derived from the number of active users, voice activity factor, and duration of persistence for persistent scheduling. 
ii)
H-FBCH: The overhead from the H-FBCH was based on the maximum number (30) of required ACKs/NACKs in each subframe from the DL system level VoIP simulations for each test environment.
iii)
Sounding channel: To facilitate sounding for 16 users per frame when the system is operating at the maximum VoIP capacity, a fixed overhead of 2 OFDMA symbols per frame is assumed.
iv)
IR: Fixed overhead of 1 LRU per frame is used.
v)
BW-REQ channels: Fixed overhead of 1 LRU per frame is used.
–
Control channel signalling errors: Explicitly modelled in the VoIP simulations for both FDD and TDD.  
–
Persistent scheduling: Persistent scheduling for individual VoIP connections as described in [6] is modelled. The MAC procedure and dynamic control overhead based on the persistent allocation A-MAP IE for initial transmissions is modelled. HARQ retransmissions are not scheduled persistently. 
–
Control channel overhead: A fixed overhead model for the UL control channels is used.
7.2.2.2
VoIP capacity results
Table 7-13 and Table 7-14 summarize the VoIP capacity results for the RIT based on the assumptions of Section 7.2.2.1.
Table 7-13
VoIP capacity (users/sector/MHz) for TDD

	Test environment
	DL
	UL
	Minimum {DL, UL}
	ITU-R required

	Indoor (InH)
	140
	165
	140
	50

	Microcellular (UMi)
	82
	104
	82
	40

	Base coverage urban (UMa)
	74
	95
	74
	40

	High speed (RMa)
	89
	103
	89
	30


Table 7-14
VoIP capacity (users/sector/MHz) for FDD

	Test environment
	DL
	UL
	Minimum {DL, UL}
	ITU-R required

	Indoor (InH)
	139
	166
	139
	50

	Microcellular (UMi)
	77
	102
	77
	40

	Base coverage urban (UMa)
	72
	95
	72
	40

	High speed (RMa)
	90
	101
	90
	30


Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced VoIP capacity. See Annex 4 for supporting details on the results presented above.
7.2.3
Mobility requirements 

Following the evaluation methodology for the mobility requirement [7], in a first step UL system-level simulations were run for each test environment to obtain the UL SINR distribution. From the UL SINR distribution the median (or 50th percentile) value is obtained for each test environment. In a second step, link-level simulations were run to generate the spectral efficiency versus SNR curves for each test environment. The generated spectral efficiency numbers include the impact of control channel overhead by accounting for the average control channel overhead from the UL system-level simulations for each test environment. To assess whether the RIT meets the mobility requirement, the spectral efficiency value from the link-level curves is obtained for the median SINR value from the system-level simulations. 
Table 7-15 and Table 7-16 summarize the results for TDD and FDD, respectively. It is noted that the link-level curves were generated for the NLOS channel models of each test environment.
Table 7-15
Mobility requirement data for TDD

	Test environment
	Median SINR (in dB)
	Achieved spectral efficiency (in bit/s/Hz) LoS
	Achieved spectral efficiency (in bit/s/Hz) NLoS
	ITU-R Required spectral efficiency (in bit/s/Hz)

	InH (10 km/h)
	16.6
	3.76
	3.41
	1.0

	UMi (30 km/h)
	5.0
	1.81
	1.50
	0.75

	UMa (120 km/h)
	4.3
	1.72
	1.30
	0.55

	RMa (350 km/h)
	5.6
	1.70
	1.23
	0.25


Table 7-16
Mobility requirement data for FDD

	Test environment
	Median SINR (in dB)
	Achieved spectral efficiency (in bit/s/Hz) LoS
	Achieved spectral efficiency (in bit/s/Hz) NLoS
	ITU-R Required spectral efficiency (in bit/s/Hz)

	InH (10 km/h)
	16.6
	3.86
	3.56
	1.0

	UMi (30 km/h)
	5.0
	1.72
	1.51
	0.75

	UMa (120 km/h)
	4.3
	1.63
	1.34
	0.55

	RMa (350 km/h)
	5.6
	1.61
	1.27
	0.25


Therefore, IEEE confirms that the proposed RIT meets the IMT-Advanced mobility requirements. See Annex 4 for supporting details on the results presented above.
7.2.4
Peak spectral efficiency
This section shows the methodology to calculate the peak spectral efficiency and its results for the proposed RIT. The analysis follows the guideline and definition provided in Reports ITU-R M.2134 [8] and Report ITU-R M.2135 [7]. The FDD and TDD modes of the RIT are considered and the case for the channel bandwidth of 20 MHz TDD and 2 x 20 MHz FDD with the FFT size of 2048 and the size of cyclic prefix (CP) of 1/16 both in DL and UL are addressed to calculate the peak data rate. In addition, 4 and 2 streams are considered in DL and UL, respectively, based on the constraints of antenna configurations specified in [8] and [7].
One OFDMA symbol with the length of 97.143 µs for preamble exists in each frame with the length of 5 ms and the idle time of 45.71 µs is allocated at the end of each frame. The FDD frame has 5 type-1 subframes, consisting of 6 OFDMA symbols, and 3 type-2 subframes, consisting of 7 OFDMA symbols. The TDD frame has 3 type-1 subframes in DL, consisting of 6 OFDMA symbols, and 1 type-2 subframe in DL, consisting of 7 OFDMA symbols. The same configuration is used in the UL assuming a DL to UL ratio of 1:1. The switching gap has been accounted for in the calculations.
For both TDD and FDD, the number of pilots per resource unit (RU) for both type-1 and type-2 subframes in case of 4 streams for DL is 16, while the numbers of subcarriers per RU for type-1 and type-2 subframes are 108 (= 18 x 6) and 126 (= 18 x 7), respectively. Therefore the numbers of available data subcarriers per RU for type-1 and type-2 subframes in case of 4 for DL streams are 92 and 110, respectively. On the other hand, in case of 2 streams for UL, the number of pilots per RU for type-1 and type-2 subframes are 12 and 14, respectively. Therefore the numbers of available data subcarriers per RU for type-1 and type-2 subframes in case of 2 streams for UL are 96 and 112, respectively.

For FDD, the number of RUs for 20 MHz is 96 both in DL and UL. The number of available data subcarriers for 5 type-1 and 3 type-2 subframes with 4 streams for DL are 44160 (= 5 x 92 x 96), denoted by NType1Subcarrier4 and 31 680 (= 3 x 110 x 96), denoted by NType2Subcarrier4, respectively. On the other hand, the number of available data subcarriers for 5 type-1 and 3 type-2 subframes with 2 streams for UL are 46 080 (= 5 x 96 x 96), denoted by NType1Subcarrier2, and 32 256 (= 3 x 112 x 96), denoted by NType2Subcarrier2, respectively. Note that in 20 MHz, the 1 728 subcarriers per frame is utilized in DL as preamble for physical layer synchronization.
Assuming repetition rate of 1, coding rate of 1, and the maximum MCS level, i.e. the modulation scheme of 64QAM (6 bit/symbol), the peak data rates in DL and UL are defined as follows:

Peak data rate in DL = (NType1Subcarrier4 + NType2Subcarrier4 – 1 728) x 6 x 4 / 5 ms = 356 Mbit/s.
Peak data rate in UL = (NType1Subcarrier2 + NType2Subcarrier2) x 6 x 2 / 5 ms = 188 Mbit/s.
The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz, resulting 17.79 bit/s/Hz and 9.40 bit/s/Hz, for DL and UL respectively.
For TDD, the number of RUs for 20 MHz is 96 both in DL and UL. Assuming and UL:DL ratio of 1:1, the number of available data subcarriers for 3 type-1 and 1 type-2 subframes with 4 streams for DL are 26 496 (= 3 x 92 x 96), denoted by N’Type1Subcarrier4 and 10 560 (= 1 x 110 x 96), denoted by N’Type2Subcarrier4, respectively. On the other hand, the number of available data subcarriers for 3 type-1 and 1 type-2 subframes with 2 streams for UL are 27 648 (= 3 x 96 x 96), denoted by N’Type1Subcarrier2, and 10 752 (= 1 x 112 x 96), denoted by N’Type2Subcarrier2, respectively. Note that in 20 MHz, the 1 728 subcarriers per frame is utilized in DL as preamble for physical layer synchronization.
Assuming repetition rate of 1, coding rate of 1, and the maximum MCS level, i.e. the modulation scheme of 64QAM (6 bit/symbol), the peak data rates in DL and UL are defined as follows:

Peak data rate in DL = (N’Type1Subcarrier4 + N’Type2Subcarrier4 – 1 728) x 6 x 4 / 5 ms = 169.57 Mbit/s.
Peak data rate in UL = (N’Type1Subcarrier2 + N’Type2Subcarrier2) x 6 x 2 / 5 ms = 92.16 Mbit/s.
The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz and adjusting by the DL to UL ratio, resulting 16.96 bit/s/Hz and 9.22 bit/s/Hz, for DL and UL respectively.
Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced peak spectral efficiency.
7.2.5
User-plane/control-plane latency and handover interruption time
The analyses in this section use the network reference model [4]. In these analyses, it is assumed that each 5 ms radio frame of the proposed RIT consists of eight subframes of 0.617 ms length and the transmission time interval (TTI) is equal to one subframe. The mobile station and base station processing times are assumed to be three subframes (3*TTI).
Figure 7-1

Network reference model [4]

[image: image29.emf]Access Service Network

R1 MS

AMS

R1 BS

/ABS

R1 BS

/ABS

Access 

Service 

Network 

Gateway

Connectivity Service 

Network

Connectivity Service 

Network

Another Access Service Network

ASP Network or 

Gateway

ASP Network or 

Gateway

R1

R1

R6

R6

R8

R3

R3

R5

R2

control plane

bearer plane

R4


This analysis further assumes an intra-ASN handover mechanism where the serving and target base stations belong to the same ASN entity.

7.2.5.1
User-Plane Latency

HARQ retransmission probability is estimated based on both 10% and 30% HARQ retransmission probabilities. The HARQ RTT is estimated as 8*TTI as shown below for FDD duplex scheme and a synchronous HARQ scheme. The HARQ RTT for the TDD mode assuming DL:UL ratio of 5:3 and one DL/UL switching point per radio frame is 8*TTI.
Figure 7-2

Example synchronous HARQ in FDD duplex mode


[image: image30.emf]Propagation Time + BS/MS Processing Interval: Demodulation + Decoding (3sub-frames)= 3*T 

sub-frame 

= 1.851ms

DL

F

1

UL

F

2

DL Transmission

UL ACK/NACK

DL Transmission/

Retransmission

UL ACK/NACK

Radio Frame = 5 ms

RTT: Round Trip Time = 8Tsub-frame

DL Transmission/

Retransmission


The following reference model is used to estimate the user-plane latency.
Figure 7-3

User-plane latency calculation model
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The following table summarizes the result of the analysis.

Table 7-17

User-plane latencies for 10% and 30% Probability of HARQ Retransmissions

	Step
	Description
	User-Plane Latency

(10% HARQ Retransmission Probability)
	User-Plane Latency

(30% HARQ Retransmission Probability)

	0
	AMS wakeup time
	Implementation Dependent
	Implementation Dependent

	1
	AMS Processing Delay
	3 * 0.617 = 1.85 ms
	3 * 0.617 = 1.85 ms

	2
	Queuing/Frame Alignment
	FDD: 0.31  
TDD: 2.5 ms 
	FDD: 0.31 
TDD: 2.5 ms 

	3
	TTI for UL data packet (Piggy back scheduling information)
	0.617 ms
	0.617 ms

	4
	HARQ Retransmission
	0.1 * 5 ms
	0.3 * 5 ms

	5
	ABS Processing Delay
	3 * 0.617 = 1.85 ms
	3 * 0.617 = 1.85 ms

	
	Total one way access delay
	FDD: 5.13 ms 

TDD: 7.32 ms
	FDD: 6.13 ms
TDD: 8.32 ms


Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced user‑plane latency. 
7.2.5.2
Control-Plane Latency
Table 7-18 contains assumptions and results for control-plane latency analysis for the proposed RIT.

Table 7-18

Control-plane Latency for 10% and 30% Probability of HARQ Retransmissions
	Step
	Description
	Control-Plane Latency

(10% HARQ Retransmission Probability)
	Control-Plane Latency

(30% HARQ Retransmission Probability)

	0
	AMS wakeup time
	Implementation dependent
	Implementation dependent

	1
	DL scanning and synchronization + Acquisition of the broadcast channel (system configuration information) for initial system entry
	< 50 ms

Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently
	< 50 ms

Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently

	2
	Random access procedure (UL CDMA Code + ABS Processing + DL CDMA_ALLOC_IE)
	5 ms
	5 ms

	3
	Initial ranging (RNG-REQ + ABS processing + RNG-RSP)

+ HARQ retransmission of one message at 10% or 30%, only first-order estimation
	HARQ case: 1 frame * 0.9*0.9 + 2 frame * 2*0.1*0.9 + 3 frame * 0.1*0.1 = 1.2 frame = 6 ms

The assumption is the message will either succeed in #1 transmission with probability=0.9 or succeed in #2 transmission with probability=0.1
	HARQ case: 1 frame * 0.7*0.7 + 2 frame * 2*0.3*0.7 + 3 frame * 0.3*0.3 = 1.6 frame = 8 ms

The assumption is the message will either succeed in #1 transmission with probability=0.7 or succeed in #2 transmission with probability=0.3

	4
	Capability negotiation (SBC-REQ + ABS processing + SBC-RSP) + HARQ retransmission
	< 5 ms

(0.1 * 5 ms for HARQ ReTX)
	< 5 ms

(0.3 * 5 ms for HARQ ReTX)

	5
	Authorization and authentication/key exchange (PKM-REQ + ABS processing + PKM-RSP + …) +HARQ retransmission
	< 5 ms

(0.1 * 5 ms for HARQ ReTX)
	< 5 ms

(0.3 * 5 ms for HARQ ReTX)

	6
	Registration (REG-REQ + ABS/ASN-GW  processing + REG-RSP) + HARQ retransmission
	< 5 ms

(0.1 * 5 ms for HARQ ReTX)
	< 5 ms

(0.3 * 5 ms for HARQ ReTX)

	7
	RRC connection establishment (DSA-REQ + ABS processing + DSA-RSP + DSA-ACK) + HARQ retransmission
	< 5 ms

(0.1 * 5 ms for HARQ ReTX)
	< 5 ms

(0.3 * 5 ms for HARQ ReTX)

	
	Total C-plane connection establishment delay
	< 31 ms
	< 33 ms

	
	Total IDLE_STATE –> ACTIVE_ACTIVE delay
	< 81 ms
	< 83 ms


Therefore, IEEE confirms that the proposed RIT meets the requirements for IMT-Advanced control-plane latency. 
7.2.5.3
Intra-RIT Handover interruption time

In the proposed RIT, the handover (HO) can be initiated by either the AMS or the S-ABS. The HO process is initiated when the AMS issues a HO request to the S-ABS or when the S-ABS issues a HO command to the AMS. The HO request/command is issued following Mobile-Assisted HO (MAHO) procedures. The AMS acquires the network topology through either S-ABS broadcasts or unicast signaling messages. The S-ABS also provides the AMS with the relevant trigger conditions to initiate or cancel neighbor-cell measurements, measurement reporting and HO requests. If required, scanning intervals for neighbor-cell measurements are provided by the S-ABS unilaterally or at the request of the AMS. The HO request/command is an outcome of these measurements and reporting.
The HO procedure is divided into four phases; namely, HO initiation, HO preparation, HO execution, and network reentry. In addition, HO cancellation procedure is defined to allow AMS cancel a HO procedure.

Figure 7-4

Generic HO Procedure in the Proposed RIT
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7.2.5.4
Intra-RIT, Intra-frequency handover 

The following describes the HO procedure with reference to the message sequence flow shown in Figure 7-4.

HO Initiation

During handover initiation phase, the AMS requests HO based on trigger conditions defined in ABS AAI_NBR-ADV broadcast message [4]. ABS may also initiate HO without AMS request by sending AAI_HO-CMD message to the AMS [4]. 
HO Preparation

During HO preparation phase, the T-ABS and AMS obtain relevant information for HO optimization (e.g., AMS identity, AMS security context, T-ABS system information, service flows, etc.) via the S-ABS and the backbone network. For optimized network re-entry, the T-ABS(s) may allocate a dedicated ranging code/opportunity and resource allocations to the AMS via the S-ABS through the AAI-HO-CMD message. The message includes one or more T-ABSs, network re-entry action time and S-ABS link disconnect time. The S-ABS also indicates in the HO command (AAI‑HO-CMD) whether the AMS performs CDMA ranging. The HO preparation phase completes with the exchange of AAI-HO-CMD/AAI-HO-IND messages resulting in the selection of a T-ABS and the S-ABS disconnect time. 

HO execution

During HO execution, AMS responds with its T-ABS selection in the AAI-HO-IND message if multiple T-ABSs are included in AAI-HO-CMD. The AMS continue data communications with S‑ABS, until the S-BS stops sending DL data and providing UL allocations to the AMS after expiration of the action/disconnect time included in the AAI-HO-CMD message. Any AMS bandwidth requests before the disconnect time that cannot be provided by the S-ABS are forwarded to the T-ABS. The S-ABS retains the connections, MAC state machine, and un-transmitted/unacknowledged data associated with the AMS for service continuation in case of HO cancellation until the expiration of resource-related timers. 
Network Re-entry

If AMS performs network re-entry without CDMA ranging, the T-ABS and AMS can start data communications after the defined action time. If AMS performs CDMA ranging based network re‑entry, the AMS performs network re-entry at the T-ABS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the T-ABS allocates UL resources for AMS to send RNG-REQ message and UL data if needed. The T-ABS and AMS finishes AAI-RNG-REQ/RSP transactions by the predefined timer, which serves the purpose of key validation for each other. This validation process does not impact data communication and can happen in parallel as defined in seamless handover procedure in [1]. 

HO Cancellation

The handover can be canceled by the AMS at any time during the HO process. The HO cancellation is initiated before the expiration of resource-related timers. The network can advertise HO cancellation trigger conditions.

7.2.5.5
Intra-RIT, Inter-frequency handover
The first three phases are identical with the case of Intra-RIT, Intra-frequency handover. The last phase, network re-entry, differs in that there is no option to skip CDMA ranging in the T-ABS.

For inter-frequency HO, the S-ABS always commands the AMS to perform network re-entry with CDMA ranging process. Depending on the method indicated by the HO command from the S-ABS, the AMS performs network re-entry at the T-ABS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the T‑ABS responds with AAI-RNG-RSP to instruct the AMS to adjust its UL transmission timing and power, allocate UL resources for AMS to send AAI-RNG-REQ message and UL data if needed. The rest of the procedure is the same as in intra-frequency HO case.
Table 7-19

Handover interruption time
	Scenario
	Interruption Time

	Intra-RIT, Intra-frequency
	5 ms

	Intra-RIT, Inter-frequency
	15 to 25ms (additional time for AMS to adjust RF and obtain CDMA ranging opportunity)


Additionally, Inter-RIT, Intra-RIT, Intra-frequency, and Inter-system handover to other IMT systems is supported by the RIT.

The following diagram illustrates the seamless HO service flow in the proposed RIT.

Figure 7-5

Example of a seamless HO service flow in the proposed RIT
[image: image33.emf]
7.2.5.6
Summary of the Handover procedure

I. Initiation

1. HO triggered at AMS, based on AMS measurements and S-ABS-defined trigger levels

2. HO request from AMS to S-ABS, containing T-ABS list with preferences and measurement reports

II. Preparation

1. S-ABS and T-ABS backbone pre-notification procedures

2. HO command from S-ABS to AMS with T-ABS details, Disconnect time (may allow communication during network re-entry)

III. Execution

1. AMS acknowledges S-ABS HO command with selected T-ABS and confirmation/rejection of Disconnect time

2. S-ABS disconnects at Disconnect time, transfers AMS context to T-ABS over backbone network

IV.   Network re-entry

1. HO Ranging in T-ABS, optional for intra-FA

2. T-ABS notifies S-ABS of HO completion 

3. Network re-entry complete with established data path in T-ABS
Assumptions
–
Intra-ASN Handovers (the serving and target base stations belong to the same ASN)

–
Mobile-assisted Handover (predominant case)

–
Mobile-initiated Handover (worst-case compared to ABS-initiated) 

–
Optimized Hard Handover (for intra-frequency AMS is frame-synchronized with S-ABS and T-ABS, AMS contexts including security context, transferred to T-ABS by S-ABS over the backbone network)

All measurements are based on the synchronization channels.
The following steps capture the HO procedure delay budget (Intra-RIT, Intra-Frequency):
Table 7-20

Intra-RAT Intra-FA Handover interruption time
	Step
	Procedure
	Estimated Latency (ms)

	1
	The AMS initiates HO by sending an AAI-HO-REQ to the S-ABS.
	4 to 7 frames, 20 to 35ms

	2
	The S-ABS processes AAI-HO-REQ and sends HO REQUEST to one or more T-ABS.
	1 frames, 5 ms (HO-REQ from S-ABS to T-ABSs)

	3
	T-ABSs reply S-ABS with HO RESPONSE, which may include HO optimization related MAC pre-update information.
	2 frames, 10ms (T-ABSs process and reply + HO-RSP from T-ABSs to S-ABS)

	4
	S-ABS responds to AMS with AAI-HO-CMD containing T-ABS list, Disconnect time
	1 frame, 5 ms

	5
	AMS acknowledges S-ABS with AAI-HO-IND containing selected T-ABS and  confirmation/rejection of Disconnect time (unsolicited UL grant)
	1 frame, 5 ms

	6
	At/After Action Time (=Disconnect Time), S-ABS transfer un-acknowledged data and new data, if any, to T-ABS for AMS data continuity at T-ABS
	0 to 2 frames, 0 to 10ms (R8 interface latency, see Figure 7-1)

	7
	AMS switches to T-ABS, acquires DL signal
	1 frame, 5 ms

	8
	AMS reads UL-MAP for unsolicited UL grant for AMS to send RNG-REQ message and data
	2 frames, 10 ms

	9
	AMS sends RNG-REQ to T-ABS
	1 frame, 5 ms

	10
	T-ABS responds with RNG-RSP with necessary information for AMS to perform UL synchronization.
	2 frames, 10 ms

	11
	AMS processes RNG-RSP
	1 frame, 5 ms

	12
	If necessary, repeat steps 8 – 11 K-times

Note: The maximum value of K is calculated based upon the number of times that steps 8 to 11 could be repeated before expiration of a timer specified by S-ABS.
	K * 5 frames, 0 to 25K ms

	13
	T-ABS and AMS continue data communication
	0

	HO Interruption time (Using Seamless HO)
	summation of time required for steps 6 and 7= 0 to 15 ms


Using seamless HO procedure, HO interruption time includes steps 6 and 7 in Table 6-6. Adding the times required for completion of steps 6 and 7results in a value of 0 to 15 ms. Considering the fact that steps 6 and 7 can be performed in parallel, maximum value for HO interruption could be reduced to 10 ms.

For intra-RIT/Inter-Frequency HO, there will be following two changes:

Step-7 will be longer (implementation dependent) so that the AMS can calibrate its RF for inter-FA operation.
An additional step 7.1 is to be inserted between Step-7 and Step-8, which will be counted into HO interruption time. 

Table 7-21

Additional step in calculation of inter-FA, intra-RIT handover interruption time
	7.1
	The AMS waits for HO ranging opportunity to perform UL synchronization with dedicated ranging code (assigned by TABS during HO preparation.)

(after CDMA ranging, UL synchronization procedures are not counted into HO interruption time according to the definition)
	1 to 4 frames, 5 to 20 ms

(20ms is the worst case when no dedicated ranging opportunity is allocated for this HO instance. Most cases, T-ABS has knowledge of AMS capability and how fast it can switch RF, and therefore T-ABS can prepare the ranging opportunity right at the next frame, in which case it will be 5 ms)


In this case (inter-FA, intra-RIT) , the HO interruption time is the summation of time required for steps  6,  7, and 7.1, which results in HO interruption time of 5 to 35 ms. Considering the fact that steps 6 and 7 can be performed in parallel, maximum value for HO interruption could be reduced to 30 ms.
Therefore, IEEE confirms that the proposed RIT meets the IMT-Advanced HO interruption time requirements. 
8
Compliance templates

8.1
Compliance template for services

	
	Service related minimum capabilities within the RIT/SRIT
	Evaluator’s comments

	4.2.4.1.1
	Support of a wide range of services

Does the proposal support a wide range of services?:

If bullets 4.2.4.1.1.1 - 4.2.4.1.1.3 are marked as "yes" then 4.2.4.1.1 is a "yes".

(YES / NO
	The proposed RIT supports a number of QoS classes (see Section 10.10  of [4]  for more details) that are designed to enable a wide range of services and applications. These services include but are not limited to the following:

1. Multicast and broadcast services (see Section 16 of [4] for more details) would allow support of IP-based multimedia applications such as real-time and non-real-time audio and video streaming, IP-TV, web-casts, etc.

2. Location based services (see Section 12 of [4] for more details) would allow support of location based applications such as interactive maps and navigation applications, etc.

3.  Low one-way air-link transmission latency of less than 5 ms and short handoff interruption time of less than 20 ms would allow real-time applications such as interactive gaming, on-line collaborations, etc.

4. High capacity VoIP service is enabled (see Section 10 and 11 of [4] for more details) through efficient DL/UL control channel design, advanced DL/UL MIMO techniques, persistent and group scheduling schemes, low user and control plane latencies. 

5. IP-based data services such as HTTP, e‑mail, web-browsing, file transfer are enabled through high spectral efficiency, low user and control plane latencies and flexible QoS classes (see Section 7.2.5 for more details)

	4.2.4.1.1.1
	Ability to support basic conversational service class

Is the proposal able to support basic conversational service class?:

(YES / NO
	Given that basic conversational service* is typically characterized by per user throughputs of 20 kbps and latencies of less than 50 ms, using baseline antenna configuration and 10 MHz bandwidth, the proposed RIT with average user throughput of greater than 2.6 Mbps in the DL and 1.3 Mbps in the UL as well as one-way access latency of less than 5 ms does support this kind of service (see Sections 10 and 11 of [4] for more details)

The handover interruption time for intra-Frequency Assignment (FA) is 5-10 ms and for inter-FA is 5 to 35 ms which both are significantly less the IMT-Advanced corresponding requirements which would enable a large number of service classes using the proposed RIT.

 The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.
*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 



	4.2.4.1.1.2
	Support of rich conversational service class

Is the proposal able to support rich conversational service class?:




                   (YES / NO
	Given that rich conversational service* is typically characterized by per user throughputs of 5 Mbps and latencies of less than 20 ms, using baseline antenna configuration and 20 MHz bandwidth, the proposed RIT with average user throughput of greater than 5.2 Mbps in the DL and 2.6 Mbps in the UL as well as one-way access latency of less than 5 ms does support this kind of service (see Sections 10 and 11 of [4] for more details)
The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.
*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 




	4.2.4.1.1.3
	Support of conversational low delay service class

Is the proposal able to support conversational low-delay service class?



                   (YES / NO
	Given that conversational low delay service* is typically characterized by per user throughputs of 150 kbps and latencies of less than 10 ms, using baseline antenna configuration and 10 MHz bandwidth, the proposed RIT with average user throughput of greater than 2.6 Mbps in the DL and 1.3 Mbps in the UL as well as one-way access latency of less than 5 ms does support this kind of service (see Sections 10 and 11 of [4] for more details)
The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.
*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 




8.2
Compliance template for spectrum

	
	Spectrum capability requirements

	4.2.4.2.1
	Spectrum bands

Is the proposal able to utilize at least one band identified for IMT?: 
(YES / NO

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

The proposed RIT supports deployment in all bands identified for IMT in ITU-R Radio Regulations. In addition, proposed RIT supports non-IMT bands below 6 GHz allocated to the fixed service and/or mobile service. (See below for more details on some of the band classes in which the proposed RIT can be deployed).

Table 8-1

Some of supported frequency bands

Band Class

UL AMS Transmit Frequency (MHz)

DL AMS Receive Frequency (MHz)

Duplex Mode

1

2 300-2 400

2 300-2 400

TDD

2

2 305-2 320, 2 345-2 360

2 305-2 320, 2 345-2 360

TDD

2 345-2 360
2 305-2 320
FDD

3

2 496-2 690

2 496-2 690

TDD

2 496-2 572
2 614-2 690
FDD

4

3 300-3 400

3 300-3 400

TDD

5L

3 400-3 600

3 400-3 600

TDD

3 400-3 500

3 500-3 600

FDD

5H

3 600-3 800

3 600-3 800

TDD

6

1 710-1 770

2 110-2 170
FDD

1 920-1 980

2 110-2 170

FDD

1 710-1 755

2 110-2 155

FDD

1 710-1 785

1 805-1 880

FDD

1 850-1 910

1 930-1 990

FDD

1 710-1 785, 1 920-1 980

1 805-1 880, 2 110-2 170

FDD

1 850-1 910, 1 710-1 770

1 930-1 990, 2 110-2 170

FDD

7

698-862

698-862

TDD

776-787

746-757

FDD

788-793, 793-798

758-763, 763-768

FDD

788-798

758-768

FDD

698-862

698-862

TDD/FDD

824-849

869-894

FDD

880-915

925-960

FDD

698-716, 776-793

728-746, 746-763

FDD

8

1 785-1 805, 1 880-1 920, 1 910-1 930, 2 010-2 025, 1 900-1 920
1 785-1 805, 1 880-1 920, 1 910-1 930, 2 010-2 025, 1 900-1 920
TDD

9

450-470

450-470

TDD

450.0-457.5

462.5-470.0

FDD




8.3
Compliance template for technical performance

	Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)
	Category
	Required value
	Value(2), (3)

	Require-ment met?
	Comments

 

	
	Test environment
	Downlink or uplink
	
	
	
	

	4.2.4.3.1
Cell spectral efficiency
(bit/s/Hz/cell)
(4.1)
	Indoor
	Downlink
	3
	TDD: 6.93

FDD: 6.87
	(
Yes

No
	The proposed RIT exceeds required values in all test environments. See Section 7.2.1 for details.

	
	
	Uplink
	2.25
	TDD: 5.99

FDD: 6.23
	(
Yes

No
	

	
	Microcellular
	Downlink
	2.6
	TDD: 3.22

FDD: 3.27
	(
Yes

No
	

	
	
	Uplink
	1.8
	TDD: 2.58

FDD: 2.72
	(
Yes

No
	

	
	Base coverage urban
	Downlink
	2.2
	TDD: 2.41

FDD: 2.41
	(
Yes

No
	

	
	
	Uplink
	1.4
	TDD: 2.57

FDD: 2.69
	(
Yes

No
	

	
	High speed
	Downlink
	1.1
	TDD: 3.23

FDD: 3.15
	(
Yes

No
	

	
	
	Uplink
	0.7
	TDD: 2.66

FDD: 2.77
	(
Yes

No
	

	4.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)
	Not applicable
	Downlink
	15
	TDD: 16.96

FDD: 17.79
	(
Yes

No
	The proposed RIT exceeds required values.  See Section 7.2.4 for details.

	
	
	Uplink
	6.75
	TDD: 9.22
FDD: 9.40
	(
Yes

No
	

	4.2.4.3.3
Bandwidth
(4.3)
	Not applicable
	Up to and including
(MHz)
	40
	20 MHz with single carrier; Up to and including 100 MHz with multi-carrier
	(
Yes

No
	The proposed RIT supports multi-carrier operation that allows operation in any bandwidth as wide as 100 MHz by aggregating contiguous and/or non-contiguous RF carriers.

	
	
	Scalability
	Support of at least three band-width values(4)
	5, 7, 8.75, 10, and 20 MHz with single carrier operation,

Maximum 100 MHz with multi-carrier operation
	(
Yes

No
	The proposed RIT supports 5, 7, 8.75, 10 and 20 MHz with single carrier and also supports up to 100 MHz with multi-carrier operation

	Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)
	Category
	Required value
	Value(2), (3)
	Require-ment met?
	Comments



	
	Test environment
	Downlink or uplink
	
	
	
	

	4.2.4.3.4
Cell edge user spectral efficiency (bit/s/Hz)
(4.4)
	Indoor
	Downlink
	0.1
	TDD: 0.260

FDD: 0.253
	(
Yes

No
	The proposed RIT exceeds required values in all test environments. See Section 7.2.1 for details.

	
	
	Uplink
	0.07
	TDD: 0.426

FDD: 0.444
	(
Yes

No
	

	
	Microcellular
	Downlink
	0.075
	TDD: 0.092

FDD: 0.097
	(
Yes

No
	

	
	
	Uplink
	0.05
	TDD: 0.111

FDD: 0.119
	(
Yes

No
	

	
	Base coverage urban
	Downlink
	0.06
	TDD: 0.069

FDD: 0.069
	(
Yes

No
	

	
	
	Uplink
	0.03
	TDD: 0.109

FDD: 0.114
	(
Yes

No
	

	
	High speed
	Downlink
	0.04
	TDD: 0.093

FDD: 0.091
	(
Yes

No
	

	
	
	Uplink
	0.015
	TDD: 0.119

FDD: 0.124
	(
Yes

No
	

	4.2.4.3.5
Control plane latency
(ms)
(4.5.1)
	Not applicable
	Not applicable
	Less than 100 ms
	< 81 ms
	(
Yes

No
	Proposed RIT meets required value. See Section 7.2.5 for detailed information.

	4.2.4.3.6
User plane latency
(ms)
(4.5.2)
	Not applicable
	Not applicable
	Less than 10 ms
	TDD: 7.32 ms

FDD: 5.13 ms


	(
Yes

No
	Proposed RIT meets required value. See Section 7.2.5 for detailed information.

	4.2.4.3.7
Mobility classes
(4.6)
	Indoor
	Uplink
	Stationary, pedestrian
	supported
	(
Yes

No
	Proposed RIT supports required Mobility classes in all test environments.

	
	Microcellular
	Uplink
	Stationary, pedestrian, vehicular up to 30 km/h
	supported
	(
Yes

No
	

	
	Base coverage urban
	Uplink
	Stationary, pedestrian, vehicular
	supported
	(
Yes

No
	

	
	High speed
	Uplink
	High speed vehicular, vehicular
	supported
	(
Yes

No
	

	4.2.4.3.8
Mobility
Traffic channel link data rates (bit/s/Hz)
(4.6)
	Indoor
	Uplink
	1.0
	LoS TDD: 3.76

NLoS TDD: 3.41

LoS FDD: 3.86

NLoS FDD: 3.56
	(
Yes

No
	Proposed RIT exceeds required values in all test environments. See Section 7.2.3 for detailed information.

	
	Microcellular
	Uplink
	0.75
	LoS TDD: 1.81

NLoS TDD: 1.50

LoS FDD: 1.72

NLoS FDD: 1.51
	(
Yes

No
	

	
	Base coverage urban
	Uplink
	0.55
	LoS TDD: 1.72

NLoS TDD: 1.30

LoS FDD: 1.63

NLoS FDD: 1.34
	(
Yes

No
	

	
	High speed
	Uplink
	0.25
	LoS TDD: 1.70

NLoS TDD: 1.23

LoS FDD: 1.61

NLoS FDD: 1.27
	(
Yes

No
	

	Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)
	Category
	Required
value
	Value(2), (3)
	Requirement
met?
	Comments

	
	Test environment
	Downlink or
uplink
	
	
	
	

	4.2.4.3.9
Intra-frequency hand-over interruption time
(ms)
(4.7)
	Not applicable
	Not applicable
	27.5
	5-10
	(
Yes

No
	Proposed RIT meets required value. See Section 7.2.5 for detailed information.

	4.2.4.3.10
Inter-frequency handover interruption time within a spectrum band (ms)
(4.7)
	Not applicable
	Not applicable
	40
	5-35
	(
Yes

No
	Proposed RIT meets required value. See Section 7.2.5 for detailed information.

	4.2.4.3.11
Inter-frequency handover interruption time between spectrum bands (ms)
(4.7)
	Not applicable
	Not applicable
	60
	5-35
	(
Yes

No
	Proposed RIT meets required value. See Section 7.2.5 for detailed information.

	4.2.4.3.12
Inter-system handover

(4.7)
	Not applicable
	Not applicable
	Not applicable
	Not applicable


	(
Yes

No
	The proposed RIT supports inter-RAT handover to and from other 
IMT-2000 and IMT-Advanced technologies.

See Section 10.3 of [4] for detailed information on inter-RAT handover in the proposed RIT.

	4.2.4.3.13
Number of supported VoIP users (active users/ sector/MHz)
(4.8)
	Indoor
	As defined in Report ITU-R M.2134
	50
	TDD: 140

FDD: 139
	(
Yes

No
	Reported numbers are minimum of UL and DL.

Proposed RIT exceeds required values in all test environments. See Section 7.2.2 for detailed information.

	
	Microcellular
	As defined in Report ITU-R M.2134
	40
	TDD: 82

FDD: 77
	(
Yes

No
	

	
	Base coverage urban
	As defined in Report ITU-R M.2134
	40
	TDD: 74

FDD: 72
	(
Yes

No
	

	
	High speed
	As defined in Report ITU-R M.2134
	30
	TDD: 89

FDD: 90
	(
Yes

No
	

	(1) 
As defined in Report ITU-R M.2134.

(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.

(3)
Mandatory when “no” is checked, optional when “yes” is checked.

(4)
Refer to Report ITU-R M.2135, § 7.4.1.


Annex 3

Simulation assumptions and configuration parameters
for IMT-Advanced test environments

Table A3-1

OFDMA and frame parameters

	Parameter
	Description
	RIT Parameters for Indoor Environment
	RIT Parameters for Urban Micro-cellular, Urban Macro-cellular, High Speed Environments

	
	
	TDD
	FDD
	TDD
	FDD
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	Carrier frequency
	3.4 GHz
	Urban Micro-cellular: 2.5 GHz

	
	
	
	Urban Macro-cellular: 2.0 GHz

	
	
	
	High Speed: 0.8 GHz
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	Total bandwidth
	40 MHz for data-only (2x20 MHz)
	2x20 MHz for data-only
	20 MHz for data-only
	2x10 MHz for data-only

	
	
	10 MHz for VoIP
	5 + 5 MHz for VoIP
	10 MHz for VoIP
	5 + 5 MHz for VoIP
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	Number of points in full FFT
	2x2048 for data-only
	2048 for data-only
	2048 for data-only
	1024 for data-only

	
	
	1024 for VoIP
	512 for VoIP
	1024 for VoIP
	512 for VoIP
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	Sampling frequency
	44.8 MHz for data-only
	22.4 MHz for data-only
	22.4 MHz for data-only
	11.2 MHz for data-only

	
	
	11.2 MHz for VoIP
	5.6 MHz for VoIP
	11.2 MHz for VoIP
	5.6 MHz for VoIP

	
[image: image38.wmf]f

D


	Subcarrier spacing
	10.9375 kHz
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	OFDMA symbol duration without cyclic prefix
	91.43 us

	
[image: image40.wmf]CP


	Cyclic prefix length (fraction of 
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	1/16
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	OFDMA symbol duration with cyclic prefix
	97.143 us
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	Frame length
	5 ms
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	Number of OFDMA symbols in frame (excluding switching gaps)
	50
	51
	50
	51
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	Ratio of DL to UL (TDD mode)
	5 DL subframes, 3 UL subframes for data-only
	8 DL subframes for DL and UL
	5 DL subframes, 3 UL subframes for data-only
	8 DL subframes for DL and UL

	
	
	4 DL subframes,  4 UL subframes for VoIP
	8 DL subframes for DL and UL
	4 DL subframes,  4 UL subframes for VoIP
	8 DL subframes for DL and UL
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	Duplex time
	TTG+RTG = 142.85 µs
	N/A
	TTG+RTG = 142.85 µs
	N/A


Table A3-2

DL configuration
	Topic
	Description
	RIT Parameters for Indoor and Urban Micro-Cellular Environments
	RIT Parameters for Urban Macro-Cellular and High Speed Environments

	Basic modulation for data
	Modulation schemes for data
	QPSK, 16QAM, 64QAM

	Basic modulation for control
	Modulation schemes for control
	QPSK

	Duplexing scheme
	TDD or FDD
	TDD/FDD 

	Subchannelization for data allocations
	Contiguous/Distributed Resource Units and associated permutations
	· Scheme for InH and UMi: Sub-band CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6];12 equal-size allocations spanning the complete duration of the time resources (DL portion of the TDD frame, DL FDD frame)

- Scheme for UMa and RMa: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6]; 6 equal-size allocations spanning the complete duration of the time resources (DL portion of the TDD frame, DL FDD frame) 



	Subchannelization for VoIP allocations
	Contiguous/Distributed Resource Units and associated permutations
	Combination of the following two schemes (selection should be based on the maximization of the VoIP capacity): 

· Scheme 1: DRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6];

- Scheme 2: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6]

	Subchannelization for A-A-MAP
	Contiguous/Distributed Resource Units and associated permutations
	Distributed LRUs with frequency reuse 1 without FFR as defined in Sections 3.3.1.1-3.3.1.3 of [6]

	DL pilot structure
	Pilot structure, density etc.
	Depends on the number of streams per allocation: 

1 or 2 pilot streams from 2 stream interlaced pilot structure as defined in Section 3.3.1.4.1 of [6] with 2 dB pilot power boosting over data tone

3 or 4 pilot streams from 4 stream pilot structure as defined in Section 3.3.1.4.1 of [6] with 0 dB pilot power boosting over data tone

	Multi-antenna transmission format for data
	Multi-antenna configuration and  transmission scheme
	· Scheme for InH and UMi: 6-bit Transformed Codebook or analog feedback based MU-MIMO using 4x2 configuration; adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO
- Scheme for UMa and RMa: MU-MIMO with long term beamforming using 4x2 configuration (20 ms reporting period for the long-term covariance matrix); adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO

	Multi-antenna transmission format for voip
	Multi-antenna configuration and  transmission scheme
	Combination of the following two schemes (selection should be based on the maximization of the VoIP capacity):

· Scheme 1: SU-MIMO using 4x2 configuration with SFBC + non-adaptive precoding 

Scheme 2: SU-MIMO with wideband beamforming using 4x2 configuration 

	Multi-antenna transmission format for A-A-MAP
	Multi-antenna configuration and  transmission scheme
	Open-loop SFBC + non-adaptive precoding (TX diversity)



	Receiver structure
	MMSE/ML/MRC,

Receiver interference awareness
	MMSE for channel estimation and MMSE/MLD data detection

	Data channel coding
	Channel coding schemes 
	Convolutional Turbo Coding (CTC) 1/3

	Control channel coding for A-A-MAP
	Channel coding schemes and block sizes
	As described in Section 3.3.2.3.2.2 of [6] with MLRU size equal to 56 tones

	Scheduling
	Demonstrate performance / fairness criteria in accordance to traffic mix
	Proportional Fair for full buffer data and delay-weighted Proportional Fair with persistent scheduling for VoIP

	Link adaptation
	Modulation and Coding Schemes (MCS), CQI feedback delay / error
	Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 11.13 of [4]

	Link to system mapping
	MI based PHY abstraction
	RBIR or MMIB by providing the necessary supporting PHY abstraction link curves 

	HARQ
	Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay
	Incremental Redundancy

Asynchronous, adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes

	Power allocation
	Subcarrier power allocation
	Equal power per subcarrier; power boosting should be used only for A-A-MAP allocations (separate power boosting for each A-A-MAP allocation)

	Interference model
	Co-channel interference model, fading model for interferers, number of major interferers, threshold
	Explicitly modeled 

Average interference on used subcarriers per CRU (subband or miniband) in PHY abstraction {3}

	Frequency reuse
	Frequency reuse pattern
	3 sectors with frequency reuse 1

	Control signalling
	Message/signaling format, overheads
	SFH, A-MAP, ACK/NACK, and Power Control overhead/channels as described in  Section 3.3.2.2 of [6]
Dynamic transmission modeled for A-A-MAP; percentage of signalling error modeled for fixed control overhead, should be derived from corresponding link curve for each test environment; 

	Persistent scheduling
	Persistent scheduling for VoIP only
	Persistent scheduling for individual VoIP connections as described in  Section 3.2.1 of [6]

	Control channel overhead
	L1/L2 Overhead
	Dynamic overhead model whenever possible

	Antenna tilt angle
	Antenna tilt angle
	InH: 0 deg. 
UMi: 12 deg.
UMa: 12 deg.
RMa: 6 deg.



Table A3-3

UL configuration

	Topic
	Description
	RIT Parameters for Indoor and Urban Micro-Cellular Environments
	RIT Parameters for Urban Macro-Cellular and High Speed Environments

	Basic modulation for data
	Modulation schemes for data
	QPSK, 16QAM, 64QAM

	Basic modulation for control
	Modulation schemes for control
	Dependent on feedback channel (FBCH, HARQ,BW-REQ, Ranging, Sounding) as defined in  Section 3.3.5 of [6]

	Duplexing scheme
	TDD or FDD
	TDD/FDD 

	Subchannelization for data allocations
	Contiguous/Distributed Resource Units and associated permutations
	· Scheme for InH and UMi: Sub-band CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.4.1-3.3.4.3 of [6]; 12 equal-size allocations spanning the complete duration of the time resources (UL portion of the TDD frame, UL FDD frame)

· Scheme for UMa and RMa: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 3.3.4.1-3.3.4.3 of [6]; 6 equal size allocations spanning the complete duration of the time resources (UL portion of the TDD frame, UL FDD frame)



	Subchannelization for VoIP allocations
	Contiguous/Distributed Resource Units and associated permutations
	DRUs with frequency reuse 1 without FFR as defined in 3.3.4.1-3.3.4.3 of [6]

	UL pilot structure
	Pilot structure, density etc.
	1/2 stream pilot structure as defined in 3.3.4.4 of [6] without pilot power boosting 

	Multi-antenna transmission format for data
	Multi-antenna configuration and  transmission scheme
	· Scheme for InH and UMi: 3-bit Codebook based MU- MIMO using 2x4 configuration; adaptive switching between single user and collaborative spatial multiplexing

· Scheme for UMa and RMa: MU-MIMO with long term beamforming using 2x4 configuration; adaptive switching between single-user and collaborative spatial multiplexing



	Multi-antenna transmission format for VoIP
	Multi-antenna configuration and  transmission scheme
	SU-MIMO using 2x4 configuration with SFBC + non-adaptive precoding

	Multi-antenna transmission format for control
	Multi-antenna configuration and  transmission scheme
	2x4 antenna configuration


	Receiver structure
	MMSE/ML/MRC,

Receiver interference awareness
	MMSE for channel estimation and MMSE/MLD for data detection

	Data channel coding
	Channel coding schemes 
	Convolutional Turbo Coding (CTC) 1/3

	Control channel coding
	Channel coding schemes and block sizes
	As described in Section 3.3.5 of [6] for FBCH, HARQ, BW-REQ, Ranging, Sounding

	Scheduling
	Demonstrate performance / fairness criteria in accordance to traffic mix
	Proportional Fair for full buffer data and delay-weighted Proportional Fair with persistent scheduling for VoIP

	Link adaptation
	Modulation and Coding Schemes (MCS), CQI feedback delay / error
	Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 11.13 of [4]

	Link to system mapping
	MI based PHY abstraction
	RBIR or MMIB by providing the necessary supporting PHY abstraction link curves

	HARQ
	Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay
	Incremental Redundancy

Synchronous, non-adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes

	Power control
	Open loop/closed loop
	Open loop power control as described in 3.3.5.4 of [6]; values for γ and SINRMIN should be chosen such that the average IoT meets the IMT-Advanced requirement

	Interference model
	Co-channel interference model, fading model for interferers, number of major interferers, threshold
	Explicitly modeled 

Average interference on used subcarriers per CRU (subband or miniband) in PHY abstraction [3]

	Frequency reuse
	Frequency reuse pattern
	3 sectors with frequency reuse 1

	Control signalling
	Message/signaling format, overheads
	Initial ranging, periodic ranging, handover ranging, bandwidth request fast feedback/CQI channel, sounding overheads modeled as described in  3.3.5 of [6] Percentage of signalling error modeled for fixed control overhead should be derived from corresponding link curve for each test environment

	Persistent scheduling
	Persistent scheduling for VoIP only
	Persistent scheduling for individual VoIP connections as described in  Section 3.2.1 of [6]

	Control channel overhead
	L1/L2 Overhead
	Dynamic overhead model whenever possible

	Antenna tilt angle
	Antenna tilt angle
	InH: 0 deg. 
UMi: 12 deg.
UMa: 12 deg.
RMa: 6 deg.



Table A3-4

VoIP configuration

	Parameter
	Characterization

	Codec
	Source rate 12.2 kbit/s

	Voice Activity Factor (VAF)
	50% (c=0.01, d=0.99)

	Speech payload
	33 bytes, encoder frame every 20 ms

	Silence Insertion Descriptor (SID) payload
	7 bytes,  SID packet every 160ms during silence

	Protocol overhead with compressed header
	4 byte MAC Header + Extended Header

4 byte (RTP/UDP/IP)

4 byte (RLC/security)

16 bits (CRC)

	Packet size
	47 bytes (talk),/ 21 bytes (silence)


Annex 4

Details of simulation-related results in the compliance template
for technical performance
This Annex provides the results from all input contributors submitted for filling in the self-evaluation of the proposed RIT. The information below consists of 11 tables which include results for the following cases:
–
Full buffer

i)
DL and UL control overhead (Tables A4-1 and A4-2)

ii)
DL and UL cell spectral efficiency and cell edge SE for TDD (Tables A4-3 and A4-4) and FDD (Tables A4-5 and A4-6) systems
–
VoIP capacity

i)
DL and UL VoIP capacity numbers for TDD (Table A4-7) and FDD (Table A4-8)
–
Mobility requirement

i)
UL SINR CDF for link simulation (Table A4-9)
ii)
TDD and FDD systems (Tables A4-10 and A4-11)
In the tables below, reported data is based on [12] and [13] with data attributed to: 

Alcatel-Lucent Shanghai Bell, Clearwire, ETRI, Fujitsu, Hitachi, Intel Corporation, ITRI, KDDI R&D Laboratories, LG Electronics, MediaTek Inc., Mitsubishi Electric, Motorola Inc., NEC, Samsung Electronics, Toshiba, and UQ Communications.
In some cases, data from individual sources is reported along with an average value. 

Table A4-1

Control overhead (in %) for TDD per test environment and link (downlink/uplink)

	Test Environment
	Downlink
	Uplink

	Indoor (InH)
	9.19
	7.85

	Mirocellular (UMi)
	12.33
	12.60

	Base coverage urban (UMa)
	11.17
	9.23

	High speed (RMa)
	11.15
	8.34


Table A4-2

Control overhead (in %) for FDD per test environment and link (downlink/uplink)

	Test Environment
	Downlink
	Uplink

	Indoor (InH)
	9.74
	6.02

	Mirocellular (UMi)
	16.28
	10.58

	Base coverage urban (UMa)
	13.77
	8.01

	High speed (RMa)
	13.63
	6.51


Table A4-3

DL spectral efficiency for TDD
	Test environment
	ITU Requirement


	Source 10
	Source 3
	Source 1
	Source 6
	Source 8
	Source 9
	Average

	Indoor (InH)


	Cell
	3.0
	
	 
	6.75
	 
	
	7.10
	6.93

	
	Cell-edge user 
	0.10
	
	 
	0.235
	 
	
	0.286
	0.260

	Microcellular (UMi)

 
	Cell
	2.6
	3.04
	3.18
	3.45
	3.13
	
	3.28
	3.22

	
	Cell-edge user 
	0.075
	0.076
	0.089
	0.087
	0.097
	
	0.112
	0.092

	Base coverage urban (UMa)

 
	Cell
	2.2
	2.36
	2.32
	2.62
	2.40
	2.35
	2.41
	2.41

	
	Cell-edge user 
	0.06
	0.060
	0.071
	0.071
	0.077
	0.064
	0.069
	0.069

	High speed (RMa)

 
	Cell
	1.1
	
	 
	3.58
	 
	
	2.88
	3.23

	
	Cell-edge user 
	0.04
	
	 
	0.095
	 
	
	0.092
	0.093


Table A4-4

UL spectral efficiency for TDD
	Test environment
	ITU Requirement

	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 

 
	Cell
	2.25
	5.20
	 
	6.79
	5.99

	
	Cell-edge user 
	0.07
	0.361
	 
	0.491
	0.426

	
	Average IoT (dB) < 10 dB
	 
	9.37
	 
	8.70
	 

	Microcellular (UMi)

 

 
	Cell
	1.8
	2.60
	2.53
	2.62
	2.58

	
	Cell-edge user 
	0.05
	0.137
	0.091
	0.106
	0.111

	
	Average IoT (dB) < 10 dB
	 
	9.00
	9.30
	9.80
	 

	Base coverage urban (UMa)

 

 
	Cell
	1.4
	2.38
	2.49
	2.86
	2.57

	
	Cell-edge user 
	0.03
	0.113
	0.091
	0.123
	0.109

	
	Average IoT (dB) < 10 dB
	 
	9.59
	9.90
	9.90
	 

	High speed (RMa)

 

 
	Cell
	0.7
	2.45
	 
	2.87
	2.66

	
	Cell-edge user 
	0.015
	0.125
	 
	0.114
	0.119

	
	Average IoT (dB) < 10 dB
	 
	8.60
	 
	9.80
	 


Table A4-5

DL spectral efficiency for FDD

	Test environment
	ITU Requirement


	Source 3
	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 
	Cell
	3.0
	 
	6.85
	 
	6.89
	6.87

	
	Cell-edge user 
	0.10
	 
	0.239
	 
	0.266
	0.253

	Microcellular (UMi)

 
	Cell
	2.6
	3.05
	3.57
	3.30
	3.14
	3.27

	
	Cell-edge user 
	0.075
	0.089
	0.090
	0.101
	0.108
	0.097

	Base coverage urban (UMa)

 
	Cell
	2.2
	2.23
	2.63
	2.48
	2.30
	2.41

	
	Cell-edge user 
	0.06
	0.060
	0.069
	0.082
	0.063
	0.069

	High speed (RMa)

 
	Cell
	1.1
	 
	3.58
	 
	2.72
	3.15

	
	Cell-edge user 
	0.04
	 
	0.095
	 
	0.087
	0.091


Table A4-6

UL spectral efficiency for FDD

	Test environment
	ITU Requirement

	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 

 
	Cell
	2.25
	5.40
	 
	7.06
	6.23

	
	Cell-edge user 
	0.07
	0.377
	 
	0.511
	0.444

	
	Average IoT (dB) < 10 dB
	 
	9.45
	 
	8.70
	 

	Microcellular (UMi)

 

 
	Cell
	1.8
	2.66
	2.75
	2.73
	2.72

	
	Cell-edge user 
	0.05
	0.141
	0.107
	0.110
	0.119

	
	Average IoT (dB) < 10 dB
	 
	9.10
	9.40
	9.80
	 

	Base coverage urban (UMa)

 

 
	Cell
	1.4
	2.46
	2.66
	2.96
	2.69

	
	Cell-edge user 
	0.03
	0.117
	0.097
	0.128
	0.114

	
	Average IoT (dB) < 10 dB
	 
	9.39
	9.80
	9.90
	 

	High speed (RMa)

 

 
	Cell
	0.7
	2.54
	 
	2.99
	2.77

	
	Cell-edge user 
	0.015
	0.130
	 
	0.118
	0.124

	
	Average IoT (dB) < 10 dB
	 
	9.05
	 
	9.80
	 


Table A4-7

VoIP capacity for TDD

	Test environment
	
	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 

 

 
	UL
	154
	
	176
	 

	
	DL
	146
	
	135
	 

	
	Min of UL and DL
	146
	
	135
	140

	
	ITU requirement
	50
	50
	50
	50

	Microcellular (UMi)

 

 

 
	UL
	99
	
	110
	 

	
	DL
	84
	86
	77
	 

	
	Min of UL and DL
	84
	86
	77
	82

	
	ITU requirement
	40
	40
	40
	40

	Base coverage urban (UMa)

 

 

 
	UL
	93
	
	98
	 

	
	DL
	78
	78
	68
	 

	
	Min of UL and DL
	78
	78
	68
	74

	
	ITU requirement
	40
	40
	40
	40

	High speed (RMa)

 

 

 
	UL
	101
	
	106
	 

	
	DL
	99
	
	80
	 

	
	Min of UL and DL
	99
	
	80
	89

	
	ITU requirement
	30
	30
	30
	30


Table A4-8

VoIP capacity for FDD

	Test environment
	
	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 

 

 
	UL
	156
	
	176
	 

	
	DL
	144
	
	134
	 

	
	Min of UL and DL
	144
	
	134
	139

	
	ITU requirement
	50
	50
	50
	50

	Microcellular (UMi)

 

 

 
	UL
	100
	
	104
	 

	
	DL
	80
	84
	68
	 

	
	Min of UL and DL
	80
	84
	68
	77

	
	ITU requirement
	40
	40
	40
	40

	Base coverage urban (UMa)

 

 

 
	UL
	94
	
	96
	 

	
	DL
	74
	80
	64
	 

	
	Min of UL and DL
	74
	80
	64
	72

	
	ITU requirement
	40
	40
	40
	40

	High speed (RMa)

 

 

 
	UL
	102
	
	100
	 

	
	DL
	96
	
	84
	 

	
	Min of UL and DL
	96
	
	84
	90

	
	ITU requirement
	30
	30
	30
	30


Table A4-9

UL SINR distribution for mobility requirement
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Table A4-10

Mobility spectral efficiency (TDD)

	Test environment
	
	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 

 
	LOS
	3.51
	
	4.00
	3.76

	
	NLOS
	3.41
	
	
	3.41

	
	ITU requirement
	1.0
	1.0
	1.0
	1.0

	Microcellular (UMi)

 

 
	LOS
	1.64
	
	1.98
	1.81

	
	NLOS
	1.33
	1.66
	
	1.50

	
	ITU requirement
	0.75
	0.75
	0.75
	0.75

	Base coverage urban (UMa)

 

 
	LOS
	1.58
	
	1.85
	1.72

	
	NLOS
	1.26
	1.33
	
	1.30

	
	ITU requirement
	0.55
	0.55
	0.55
	0.55

	High speed (RMa)

 

 
	LOS
	1.54
	
	1.85
	1.70

	
	NLOS
	1.23
	
	
	1.23

	
	ITU requirement
	0.25
	0.25
	0.25
	0.25


Table A4-11

Mobility spectral efficiency (FDD)

	Test environment
	
	Source 1
	Source 6
	Source 9
	Average

	Indoor (InH)

 

 
	LOS
	3.64
	
	4.08
	3.86

	
	NLOS
	3.56
	
	
	3.56

	
	ITU requirement
	1.0
	1.0
	1.0
	1.0

	Microcellular (UMi)

 

 
	LOS
	1.70
	
	1.74
	1.72

	
	NLOS
	1.41
	1.60
	
	1.51

	
	ITU requirement
	0.75
	0.75
	0.75
	0.75

	Base coverage urban (UMa)

 

 
	LOS
	1.66
	
	1.60
	1.63

	
	NLOS
	1.30
	1.38
	
	1.34

	
	ITU requirement
	0.55
	0.55
	0.55
	0.55

	High speed (RMa)

 

 
	LOS
	1.61
	
	1.60
	1.61

	
	NLOS
	1.27
	
	
	1.27

	
	ITU requirement
	0.25
	0.25
	0.25
	0.25
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				System parameters		Value				Note

				Frame duration (us)		5000

				Channel BW (kHz)		10000

				Subcarrier spacing (kHz)		10.94

				Symbol duration (us)		102.9

				Cyclic prefix(us)		11.4

				Useful symbol duration (us)		91.4

				# of OFDMA symbols/frame		48

				TTG/RTG gap (1symbol+gap)		165.7

				IEEE 802.16m DL/UL guard subcarrier		160

				IEEE 802.16m DL/UL used subcarrier		864

				IEEE 802.16m regular subframe symbols		6

				IEEE 802.16m subframes/frame		8

				IEEE 802.16m frames/superframe		4

				IEEE 802.16m PHYSICAL RESOURCE UNIT size		108

				IEEE 802.16m PHYSICAL RESOURCE UNIT/subframe		48

				IEEE 802.16m Pilots/PHYSICAL RESOURCE UNIT (2x2)		12

				IEEE 802.16m data tones/PHYSICAL RESOURCE UNIT		96

				IEEE 802.16m irregular subframe symbols		5

				IEEE 802.16m irregular PHYSICAL RESOURCE UNIT size		90

				IEEE 802.16m Pilots/irregular PHYSICAL RESOURCE UNIT (2x2 MIMO)		10

				IEEE 802.16m data tones/irregular PHYSICAL RESOURCE UNIT		80

				SFH: up to 24 irregular PHYSICAL RESOURCE UNIT		480

				IEEE 802.16m CQI data tones		32

				IEEE 802.16m ACK data tones		6

				IEEE 802.16m total data tones (in frame)		35328				=48*96*6+48*80*2

				Deployment Parameters

				DL symbols		29

				UL symbols		18

				DL regular sub frames		4

				DL irregular subframes		1

				UL sub frames		3

				Overhead Components		Min value		Max value

				TTG/RTG gap (us) (TDD only)		165.7		165.7

				Synchronization/Preamble (us)		102.9		102.9

				Cyclic prefix (us)		11.4		11.4

				Time domain overhead subtotal (us)		793		793

				Time domain overhead percentage		0.159		0.159

				Useful  time percentage		0.841		0.841

				Guard band DL (kHz)
160 guard subcarrier for IEEE 802.16m, carrier spacing 10.94kHz		547.84		547.84		= 10M-10.94k*864

				Guard band UL (kHz)		547.84		547.84

				Pilots (2x2 DL) (kHz) 96 pilots/symbol		1050.24		1050.24		= 10.94k*(12*48) / 6

				Pilots (1x2 UL collaborative MIMO) (kHz) 96 pilots/symbol		1050.24		1050.24

				Frequency domain overhead subtotal (kHz)		1598.08		1598.08

				Frequency domain overhead percentage		0.160		0.160

				Useful frequency percentage		0.840		0.840

				SFH (data tones/frame) 24 irregular PHYSICAL RESOURCE Units		480		480		= 80*24/4

				MAP 
3-10 PHYSICAL RESOURCE Units per subframe, 5 subframes		1440		4800		= 96*Y*5

				Initial ranging: once every 4 frames		24		24		= 96/4

				Bandwidth request ranging: every frame		96		96

				CQICH: 3-30 report every frame		96		960		= 32*Y

				ACK/NACK 10-30 allocations/frame		60		180		= 6*Y

				Total control data tones (in frame)		2196		6540

				Total control overhead percentage		0.0622		0.1851

				Total useful data tone percentage		0.9378		0.8149

				L1 overhead		0.2931		0.2931		= 1 - useful time * useful freq

				Total overhead (L1/L2)		0.3370		0.4239		= 1 - useful time * useful freq * useful data tones





20MHz 1_16CP DL 4x2

		

				System parameters		Value				Note

				Frame duration (us)		5000

				Channel BW (kHz)		20000

				Subcarrier spacing (kHz)		10.94

				Symbol duration (us)		97.1

				Cyclic prefix(us)		5.7

				Useful symbol duration (us)		91.4

				# of OFDMA symbols/frame		51

				TTG/RTG gap (1symbol+gap)		142.8

				IEEE 802.16m DL/UL guard subcarrier		320

				IEEE 802.16m DL/UL used subcarrier		1728

				IEEE 802.16m regular subframe symbols (type1)		6

				IEEE 802.16m subframes/frame		8

				IEEE 802.16m frames/superframe		4

				IEEE 802.16m PHYSICAL RESOURCE UNIT size		108

				IEEE 802.16m PHYSICAL RESOURCE UNIT/subframe		96

				IEEE 802.16m Pilots/PHYSICAL RESOURCE UNIT (4x2)		16

				IEEE 802.16m data tones/PHYSICAL RESOURCE UNIT		92

				IEEE 802.16m irregular subframe symbols (type2)		7

				IEEE 802.16m irregular PHYSICAL RESOURCE UNIT size		126

				IEEE 802.16m Pilots/irregular PHYSICAL RESOURCE UNIT (4x2 MIMO)		16

				IEEE 802.16m data tones/irregular PHYSICAL RESOURCE UNIT		110

				SFH: up to 24 irregular PHYSICAL RESOURCE UNIT		480

				IEEE 802.16m CQI data tones		32

				IEEE 802.16m ACK data tones		6

				IEEE 802.16m total data tones (in frame)		73344				= 96*74*1 (DL irregular type3)+96*92*3 (DL regular)+96*110*1(DL irregular type2)+96*96*2 (UL regular)++96*112*1 (UL regular)

				Deployment Parameters

				DL symbols		31

				UL symbols		19

				DL regular sub frames		4

				DL irregular subframes		1

				UL sub frames		3

				Overhead Components		Min value		Max value

				TTG/RTG gap (us) (TDD only)		142.8		142.8

				Synchronization/Preamble (us)		97.1		97.1

				Cyclic prefix (us)		5.7		5.7

				Time domain overhead subtotal (us)		519.2		519.2

				Time domain overhead percentage		0.104		0.104

				Useful  time percentage		0.896		0.896

				Guard band DL (kHz)
160 guard subcarrier for IEEE 802.16m, carrier spacing 10.94kHz		1095.68		1095.68		= 20M-10.94k*1728

				Guard band UL (kHz)		1095.68		1095.68

				Pilots (4x2 DL) (kHz) 256 pilots/symbol		2800.64		2800.64		= 10.94k*16*96 / 6

				Pilots (1x4 UL 2 collaborative MIMO) (kHz) 192 pilots/symbol		2100.48		2100.48		= 10.94k*12*96 / 6

				Frequency domain overhead subtotal (kHz)		3630.26		3630.26		~= guard+DL Pilot*31/50 + UL Pilot*19/50

				Frequency domain overhead percentage		0.182		0.182

				Useful frequency percentage		0.818		0.818

				SFH (data tones/frame) 24 irregular PHYSICAL RESOURCE Units		444		444		= 74*24/4

				MAP 
3-10 PHYSICAL RESOURCE Units per subframe, 5 subframes		1380		4600		= 92*Y*5

				Initial ranging: once every 4 frames		24		24		= 96/4

				Bandwidth request ranging: every frame		96		96

				CQICH: 3-30 report every frame		96		960		= 32*Y

				ACK/NACK 10-30 allocations/frame		60		180		= 6*Y

				Total control data tones (in frame)		2100		6304

				Total control overhead percentage		0.0286		0.0860

				Total useful data tone percentage		0.9714		0.9140

				L1 overhead		0.2665		0.2665		= 1 - useful time * useful freq

				Total overhead (L1/L2)		0.2875		0.3295		= 1 - useful time * useful freq * useful data tones
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1  Scope

The IEEE 802.16m amendment shall be developed in accordance with the P802.16 project authorization
request (PAR), as approved on 6 December 2006 [1] and with the Five Criteria Statement in IEEE 802.16-
06/05513 [2] According to the PAR, the standard shall be developed as an amendment to IEEE Std 802.16-
2009 [3]. The resulting standard shall fit within the following scope:

This standard amends the IEEE 802.16 WirelessMAN-OFDMA specification to provide an
advanced air interface for operation in licensed bands. It meets the cellular layer requirements of
IMT-Advanced next generation mobile networks. This amendment provides continuing support for
legacy WirelessMAN-OFDMA equipment.

And the standard will address the following purpose:

The purpose of this standard is to provide performance improvements necessary to support future
advanced services and applications, such as those described by the ITU in Report ITU-R M.2072.

The standard is intended to be a candidate for consideration in the IMT-Advanced evaluation process being
conducted by the International Telecommunications Union— Radio Communications Sector (ITU-R)
[4]1[5][6]. This document represents the system description document for the IEEE 802.16m amendment. It
describes the system level description of the IEEE 802.16m system based on the SRD developed by the
IEEE 802.16 Task Group m [7]. All content included in any draft of the IEEE 802.16m amendment shall be
in accordance with the system level description in this document as well as in compliance with the
requirements in the SRD. This document, however, shall be maintained and may evolve.
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3 Definitions, Symbols, Abbreviations

3.1

1.

12.

13.

14.

15.

16.
17.

18.
19.

20.
21.
22.
23.
24,
25.
26.

27.

28.

29.

Definitions

WirelessMAN-OFDMA R1 Reference System: A system compliant with the WirelessMAN-
OFDMA capabilities specified in Subclause 12.5 in IEEE Std 802.16-2009 [3].

Advanced WirelessMAN-OFDMA System: A system compliant with the features and functions
defined according to this document.

R1 MS: A mobile station compliant with the WirelessMAN-OFDMA R1 Reference System.

RS (Relay Station): A relay station compliant with IEEE Std 802.16-2009 [3] as amended by
IEEE Std 802.16j-2009 [18].

R1 BS: A base station compliant with the WirelessMAN-OFDMA R1 Reference System.

MRBS (Multihop Relay Base Station): A BS implementing functionality to support RSs as
defined in IEEE Std 802.16j-2009 [18].

ABS (Advanced Base Station): A base station capable of acting as an R1 BS and additionally
implementing the protocol defined in IEEE 802.16m.

AMS (Advanced Mobile Station): A mobile station capable of acting as an R1 MS and
additionally implementing the protocol defined in IEEE 802.16m.

ARS: A station implementing the relay station functionality defined in IEEE 802.16m.

. LZone: A positive integer number of consecutive subframes during which an ABS communicates

with RSs or R1 MSs, and where an ARS or an RS communicates with one or more R1 MSs.
MZone: A positive integer number of consecutive subframes during which an ABS communicates
with one or more ARSs or AMSs, and where an ARS communicates with one or more ARSs or
AMS:s.

Location-Based Service (LBS): A service provided to a subscriber based on the current
geographic location of the AMS.

LBS Application: The virtual entity that controls and runs the location based service, including
location determination, and information presentation to the users.

Location Server (LS): A server which determines and distributes the location of the AMS in the
WiMAX network.

LBS Zone: A configurable amount of consecutive resource units that are reserved for LBS
purposes.

LBS Pilots: A set of pilots that are periodically broadcasted by involved ABSs for LBS purposes.
Time difference of arrival (TDOA): The measurement of the difference in arrival time of
received signals.

Time of arrival (TOA) : The time of arrival of a signal received by an AMS or ABS.

Angle of arrival (AOA): The angle of arrival of a received signal relative to the boresight of the
antenna.

Spatial Channel Information: Generalized set of measurements from the antennas (spatial
channel estimation or a set of AOAs), which can be used for location estimation.

Round trip delay (RTD): The time required for a signal or packet to transfer from an AMS to an
ABS and back again.

Relative delay (RD): The delay of neighbor DL signals relative to the serving/attached ABS.
Separate coding: Each unicast service control information element is coded separately

Joint coding: Multiple unicast service control information elements are coded jointly

E-MBS Zone: An E-MBS zone is a group of ABSs transmitting the same E-MBS content.

E-MBS Region: An E-MBS region is a time/frequency region within a frame where E-MBS data
is transmitted.

Multicast Service: A Multicast Service is a service where users may dynamically join and leave a
Multicast session. The network may monitor the number of users at each E-MBS Zone to decide
on data transmission and its mode.

Dynamic Multicast Service: In the Dynamic Multicast Service, the membership of the multicast
group changes in time. Users may join and leave groups at any time. The transmission of the
content may be turned on or off based on the number of users in the group.

Static Multicast Service: In the Static Multicast Service, the content is always transmitted
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30.

31.
32.
33.

34.
35.
36.

37.
38.

39.

40.

41.

through one or more broadcast channel(s) irrespective of the number of users in the group. The
broadcast channel(s) normally pre-established prior to the user(s) join and leave a Multicast
session at each Multicast service area.

Broadcast Service: The Broadcast Service is a special type of E-MBS service for which the
content is always transmitted through broadcast channels by the access network without
considering the number of users receiving the transmission.

Subordinate link: a link between the ABS or ARS and its subordinate stations (ARSs or AMS)
Superordinate link: a link between the ARS or AMS and its superordinate station (ABS or ARS)
Time-division transmit and receive (TTR) relaying: a relay mechanism where transmission to
subordinate station(s) and reception from the superordinate station, or transmission to the
superordinate station and reception from subordinate station(s) is separated in time.

Transparent ARS: a relay station that does not transmit A-PREAMBLE, SFH, A-MAP.
Non-transparent ARS: a relay station that transmits A-PREAMBLE, SFH, A-MAP.

Access station: A station (ARS or ABS) that provides a point of access into the network for an
AMS or ARS.

Access ARS: A relay station which serves as an access station.

Centralized security mode: This mode is based on authentication and key management between
AMS and ABS, without involving the access ARS.

Distributed security mode: This mode is based on authentication and key management between
AMS and an access ARS, and between the access ARS and the ABS.

CSG (Closed Subscriber Group) Femto ABS: A CSG Femto ABS is accessible only to the
AMSs which are member of the CSG, except for emergency services.

OSG (Open Subscriber Group) Femto ABS: An OSG Femto ABS is accessible to any AMS.

3.2  Abbreviations

Unless otherwise specified here, abbreviations and acronyms are as defined in [3].

ABS Advanced Base Station (see definitions)
A-MAP Advanced MAP

A-A-AMAP Assignment A-MAP

AMC Adaptive modulation and coding

AMS Advanced mobile station (see definitions)
AOA Angle of Arrival

A-PREAMBLE Advanced Preamble

ARQ Automatic Repeat reQuest

ARS Advanced Relay Station (see definitions)
ASN Access Service Network

BE Best Effort

BR Bandwidth Request

BS Base Station

BSID Base Station ID

BW Bandwidth (abbreviation used only in equations, tables, and figures)
CC Convolutional Coding

CID Connection Identifier

CINR Carrier-to-Interference-and-Noise Ratio
CL Closed Loop

CLPC Closed-Loop Power Control

CMAC Cipher-based Message Authentication Code
CoCL-MD Closed-Loop Macro Diversity

Co-MIMO Collaboration MIMO

Co-Re Constellation Re-Arrangement

CP Cyclic Prefix

CPS Common Part Sublayer

CQI Channel Quality Information

CRC Cyclic Redundancy Check
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CRU
CS
CSG
CSI
CSM
CSN
CTC
CXCF
DCD
DHCP
DL
DLRU
DRU
EH
E-MBS
FA
FCH
FDD
FEC
FEH
FFR
FFS
FFT
FID
FP
FPC
FPCT
FPEH
FPS
FPSC
FUSC
GPCS
GPS
GRA
GT
HARQ
HE
HFDD
HMAC
HO

1D

1IE
IEEE
IoT

1P
IPCS
IR
ITU
ITU-R
LBS
LDPC
LOS
LRU
MAC
MBS
MC

IEEE 802.16m-09/003412

Contiguous Resource Unit
Convergence Sublayer

Closed Subscriber Group

Channel State Information
Collaborative Spatial Multiplexing
Connectivity Service Network
Convolutional Turbo Coding
Coordinated Coexistence Frame
Downlink Channel Descriptor
Dynamic Host Configuration Protocol
Downlink

Distributed Logical Resource Unit
Distributed Resource Unit

Extended Header

Enhanced Multicast Broadcast Service
Frequency Assignment

Frame Control Header

Frequency Division Duplex

Forward Error Correction
Fragmentation Extended Header
Fractional Frequency Re-Use

For Further Study

Fast Fourier Transform

Flow Identifier

Frequency Partition

Frequency Partition Configuration
Frequency Partition Count
Fragmentation and Packing Extended Header
Frequency Partition Size

Frequency Partition Subband Count
Full Usage of Subchannels

Generic Packet Convergence Sublayer
Global Positioning System

Group Resource Allocation

Guard Time

Hybrid Automatic Repeat reQuest
Horizontal Encoding

Half-duplex Frequency Division Duplex
Hashed Message Authentication Code
Handover

Identifier

Information Element

Institute of Electrical and Electronics Engineers
Interference Over Thermal noise
Internet Protocol

IP Convergence Sublayer

Incremental Redundancy

International Telecommunication Union
International Telecommunication Union-Radiocommunication sector
Location Based Service

Low-Density Parity Check

Line Of Sight

Logical Resource Unit

Medium Access Control

Multicast Broadcast Service

Multi Carrier
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MCS
MEH
MIMO
MLRU
MS
MSDU
MU-MIMO:
NRM
NSP
OFDM
OFDMA
OL
OLPC
OSG
PA
PAPR
PA-PREAMBLE
PBCH
PDU
PHY
PMI
PRU
P-SFH
PUSC
QAM
QoS
QPSK
RAT
RCP
REQ
RNG
RP
RRCM
RS
RSP
RSSI
RTD
RU

Rx
SAP
SA-PREAMBLE
SDU
SFBC
SFC
SFH
SLRU
SM
SOHO
SON
SPID
S-SFH
STC
STID
SU
SU-MIMO
TDD

Modulation Coding Scheme
Multiplexing Extended Header
Multiple Input Multiple Output
Minimum A-MAP Logical Resource Unit
Mobile Station

MAC Service Data Unit

Multiple Use-MIMO

Network Reference Model
Network Service Provider
Orthogonal Frequency Division Multiplexing
Orthogonal Frequency Division Multiple Access
Open Loop

Open-Loop Power Control

Open Subscriber Group

Persistent Allocation

Peak to Average Power Ratio
Primary Advanced Preamble
Primary Broadcast Channel
Protocol Data Unit

Physical Layer

Preferred Matrix Index

Physical Resource Unit

Primary Superframe Header
Partial Usage of Subchannels
Quadrature Amplitude Modulation
Quality of Service

Quadrature Phase-shift Keying
Radio Access Technology
Ranging Cyclic Prefix

Request

Ranging

Ranging Preamble

Radio Resource Controller and Management
Relay Station

Response

Receive Signal Strength Indicator
Round Trip Delay

Resource Unit

Receive (abbreviation not used as verb)
Service Access Point

Secondary Advanced Preamble
Service Data Unit

Space Frequency Block Code
Space Frequency Coding
Superframe Header

Subband LRU

Spatial Multiplexing

Small Office Home Office

Self Organizing Networks
Subpacket Identifier

Secondary Superframe Header
Space Time Coding

Station Identifier

Single User

Single User-MIMO

Time Division Duplex
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TDM

TDOA
TD-SCDMA
TOA

Tx

UCD

UL

UTRA

VoIP
WARC

IEEE 802.16m-09/003412

Time Division Multiplexing

Time Difference of Arrival

Time Division-Synchronous Code Division Multiple Access
Time of Arrival

Transmit (abbreviation not used as verb)

Uplink Channel Descriptor

Uplink

Universal Terrestrial Radio Access

Voice over Internet Protocol

World Administrative Radio Conference
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4 Overall Network Architecture

The Network Reference Model (NRM) is a logical representation of the network architecture. The NRM
identifies functional entities and reference points over which interoperability is achieved between
functional entities. Figure 1 illustrates the NRM, consisting of the following functional entities: Advanced
Mobile Station (AMS), Access Service Network (ASN), and Connectivity Service Network (CSN). The
existing network reference model is based on the model in [8].
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Figure 1 : IEEE 802.16m Network Reference Model

Note: The network reference model and the reference points Ri in Figure lare consistent with [8].

The ASN is defined as a complete set of network functions needed to provide radio access to an R1 MS/

AMS. The ASN provides at least the following functions:

e IEEE Std 802.16-2009/ IEEE 802.16m Layer-1 (L1) and Layer-2 (L2) connectivity with R1 MS/

AMS

e  Transfer of AAA messages to an R1 MS or AMS’s Home Network Service Provider (H-NSP) for
authentication, authorization and session accounting for subscriber sessions

e Network discovery and selection of the R1 MS/ AMS’s preferred NSP

e Functionality for establishing Layer-3 (L3) connectivity with an R1 MS or AMS (i.e. IP address

allocation)

e Radio Resource Management

In addition to the above functions, for a mobile environment, an ASN further supports the following
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functions:
e ASN anchored mobility
e (SN anchored mobility
e Paging

The ASN comprises network elements such as one or more Base Station(s), and one or more ASN
Gateway(s). An ASN may be shared by more than one CSN. The CSN is defined as a set of network
functions that provides user plane connectivity services to the Rl MS/AMS(s). A CSN may provide the
following functions:

e AMS IP address and endpoint parameter allocation for user sessions

e AAA proxy or server

e Policy and Admission Control based on user subscription profiles

e ASN-CSN tunneling support,

o IEEE Std 802.16-2009/ IEEE 802.16m subscriber billing and inter-operator settlement
e Inter-CSN connectivity

e Inter-ASN mobility

The CSN provides services such as location based services, connectivity for peer-to-peer services,
provisioning, authorization and/or connectivity to IP multimedia services.

The CSN may further comprise network elements such as routers, AAA proxy/servers, user databases,
interworking gateways. A CSN may be deployed as part of a NSP supporting either IEEE 802.16m only or
IEEE Std 802.16-2009 only, or IEEE 802.16m as well as IEEE Std 802.16-2009.

Relay Stations (RSs) may be deployed to provide improved coverage and/or capacity.

An ABS that is capable of supporting the IEEE Std 802.16j-2009 RS, communicates with the IEEE Std
802.16j-2009 RS in the LZone. The ABS is not required to provide IEEE Std 802.16j-2009 protocol
support in the "Mzone". The design of IEEE 802.16m relay protocols should be based on the design of
IEEE Std 802.16j-2009 wherever possible, although IEEE 802.16m relay protocols used in the "MZone"
may be different from IEEE Std 802.16j-2009 protocols used in the LZone.

Figure 2 and Table 1, show the IEEE 802.16m relay related interfaces that are to be supported and those
which are not required to be supported in the IEEE 802.16 specification. Only the interfaces involving RSs
(IEEE 802.16m and legacy RS) are shown.

Figure 2 and Table 1 also indicate the specific IEEE 802.16 protocol that is to be used for supporting the
particular interface.

Figure 2 and Table 1 illustrate the interfaces which may exist between the IEEE 802.16m and legacy
stations. The figure and table are not intended to specify any constraints on the usage of these interfaces.
For example, the figure and table do not provide rules for which interfaces a particular station can utilize at
the same time, or how many connections a station can have over each of the specified interfaces.

The usage of the interfaces described in Figure 2 and Table 1 is constrained as follows: An AMS may
connect to an ABS either directly or via one or more ARSs. The number of hops between the ABS and an
AMS can be two or more. The topology between the ABS and the subordinate ARSs within an ABS cell is
restricted to a tree topology. An R1 MS may connect to an ABS either directly or via one or more ARSs.
Furthermore an R1 MS may connect to an ABS via one or more RSs. The topology between the ABS and
the subordinate RSs within an ABS cell is specified in the IEEE Std 802.16j-2009 amendment.

Connection 10 indicates a connection between an ARS and another directly connected ARS. Such

connections exist in order to support topologies in which the number of hops between the ABS and an
AMS is greater than two hops.
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Connection 11 indicates a connection between an RS and another directly connected RS. Such connections
exist in order to support topologies in which the number of hops between the MRBS/ABS and an R1
MS/AMS is greater than two hops.
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()

>
@
172

ARS RS

Figure 2: Relay related connections

Connection | Connected Entities Protocol used Supported
# (YIN)
1 AMS -ARS IEEE 802.16m Y
2 AMS - RS IEEE Std 802.16j-2009 Y
3 ARS - MRBS N/A N
4 MRBS - RS IEEE Std 802.16j-2009 Y
5 ARS — AMS IEEE 802.16m Y
6 ARS —R1 MS IEEE Std 802.16-2009 Y
7 AMS - RS IEEE Std 802.16-2009 Y
8 RS -R1 MS IEEE Std 802.16-2009 Y
9 ARS —RS N/A N
10 ARS - ARS IEEE 802.16m Y
11 RS -RS IEEE Std 802.16j-2009 Y

Table 1: Interconnections between the entities shown in Figure 2 and the protocol used.

5 IEEE 802.16m System Reference Model
As shown in Figure 3, the reference model for IEEE 802.16m is very similar to that of the IEEE Std
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802.16-2009 with the exception of soft classification (i.e., no SAP is required between the two classes of
functions) of the MAC common part sublayer into radio resource control and management functions and
medium access control.

Management Entity
Service Specific

Radio Resource Convergence Sublayer

Control Convergence
and Sublayer
Functions

1
1
1
1
1
Management 1
1
1
1
1

Management Layer
Common Part

I
! Sublayer
1
Medium Access Control :
Functions i
i
I
i
i
...... A . I N R I e |
[ Security Sublayer Security Sublayer
1
e
1
! Physical Layer Management Entity
! (PHY) Physical Layer

MAC Common-Part Sublayer

Figure 3: System Reference Model

The MAC and PHY functions can be classified into three categories namely data plane, control plane, and
management plane. The data plane comprises functions in the data processing path such as header
compression as well as MAC and PHY data packet processing functions. A set of layer-2 (L2) control
functions is needed to support various radio resource configuration, coordination, signaling, and
management. This set of functions is collectively referred to as control plane functions. A management
plane is also defined for external management and system configuration. Therefore, all management
entities fall into the management plane category.

6 Advanced Mobile Station State Diagrams

The Figure 4 illustrates the Mobile Station state transition diagram for an AMS. The state transition
diagram consists of four states, Initialization State, Access State, Connected State and Idle State.

25





2009-09-24

Power on/off

IEEE 802.16m-09/003412

Power Down

A

A

Initialization
State

Normal Network Re-entry

\ 4

Access State

Connected

\ 4

\ 4

State Idle State

A

y

A 4

Fallback Operation Path

Figure 4: IEEE 802.16m Mobile Station State Transition Diagram

6.1 Initialization State

In the Initialization State, the AMS performs cell selection by scanning, synchronizing and acquiring the
system configuration information before entering Access State.

Power On/Off

—

<

Initialization State

From Access State
or Connected State

or |dle State

Scanning and DL -
Synchronization
(Preamble Detection)

v

Super-frame Header To Access State
(SFH) Acquisition -

Cell Selection Decision

Figure 5: Initialization State Procedures

During this state, if the AMS cannot properly perform the system configuration information decoding and
cell selection, it falls back to perform scanning and DL synchronization. If the AMS successfully decodes
the system configuration information and selects a target ABS, it transitions to the Access State.
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6.2 Access State

The AMS performs network entry with the target ABS while in the Access State. Network entry is a multi
step process consisting of ranging, basic capability negotiation, authentication, authorization, key
registration with the ABS and service flow establishment. The AMS receives its Station ID and establishes
at least one connection using and transitions to the Connected State. Upon failing to complete any one of
the steps of network entry the AMS transitions to the Initialization State.

Access State

From Initialization
State or Idle State

—

Ranging & UL
Synchronization

—— |

To Initialization State

Basic Capability
Negotiation

l

AMS Authentication,
Authorization, & Key
Exchange

l

Registration with ABS

To Connected State
Initial Service Flow
Establishment '

Figure 6: Access State Procedures

6.3 Connected State

When in the Connected State, an AMS operates in one of three modes; Sleep Mode, Active Mode and
Scanning Mode. During Connected State, the AMS maintains two connections established during Access
State. Additionally, the AMS and the ABS may establish additional transport connections. The AMS may
remain in Connected State during a hand over. The AMS transitions from the Connected State to the Idle
State based on a command from the ABS. Failure to maintain the connections prompts the AMS to
transition to the Initialization State.
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Connected State
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Figure 7: Connected State Procedures

6.3.1 Active Mode

When the AMS is in Active Mode, the serving ABS may schedule the AMS to transmit and receive at the
earliest available opportunity provided by the protocol, i.e. the AMS is assumed to be 'available' to the ABS
at all times. The AMS may request a transition to either Sleep or Scanning Mode from Active Mode.
Transition to Sleep or Scanning Mode happens upon command from the serving ABS. The AMS may
transition to Idle State from Active Mode of Connected State.

6.3.2  Sleep Mode

When in Sleep Mode, the AMS and ABS agree on the division of the radio frame in time into Sleep
Windows and Listening Windows. The AMS is only expected to be capable of receiving transmissions from
the ABS during the Listening Windows and any protocol exchange has to be initiated during that time. The
AMS transition to Active Mode is prompted by control messages received from the ABS. The AMS may
transition to Idle State from Sleep Mode of Connected State during Listening Intervals.

6.3.3  Scanning Mode

When in Scanning Mode, the AMS performs measurements as instructed by the serving ABS. The AMS is
unavailable to the serving ABS while in scanning Mode. The AMS returns to Active Mode once the
duration negotiated with the ABS for scanning expires.

6.4 Idle State

The Idle state consists of two separated modes, Paging Available Mode and Paging Unavailable Mode
based on its operation and MAC message generation. During Idle State, the AMS may perform power
saving by switching between Paging Available Mode and Paging Unavailable Mode.
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Figure 8: Idle State Procedures

6.4.1 Paging Available Mode
The AMS may be paged by the ABS while it is in the Paging Available Mode. If the AMS is paged with

indication to return to the Connected State, the AMS transitions to the Access State for its network re-entry.
The AMS may perform location update procedure during the Idle State.

6.4.2  Paging Unavailable Mode

During Paging Unavailable Mode, AMS does not need to monitor the downlink channel in order to reduce
its power consumption.

7  Frequency Bands

IEEE 802.16m systems can operate in RF frequencies less than 6 GHz and are deployable in licensed
spectrum allocated to the mobile and fixed broadband services. The following frequency bands have been
identified for IMT and/or IMT-2000 by WARC-92, WRC-2000 and WRC-07
e 450-470 MHz
698-960 MHz
1710-2025 MHz
2110-2200 MHz
2300-2400 MHz
2500-2690 MHz
3400-3600 MHz

ITU-R has developed frequency arrangements for the bands identified by WARC-92 and WRC-2000,
which are described in Recommendation ITU-R M.1036-3. For the frequency bands that were identified at
WRC-07, further work on the frequency arrangements is ongoing within the framework of ITU-R.

8 IEEE 802.16m Air-Interface Protocol Structure
The functional block definitions captured in Section 8.1 apply to the ABS and AMS. Definitions of
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functional blocks for the ARS are captured in Section 8.2.

8.1  The IEEE 802.16m Protocol Structure

The IEEE 802.16m MAC is divided into two sublayers:
e Convergence sublayer (CS)
e  Common Part sublayer (CPS)

The MAC Common Part Sublayer is further classified into Radio Resource Control and Management
(RRCM) functions and medium access control (MAC) functions. The RRCM functions fully reside on the
control plane. The MAC functions reside on the control and data planes. The RRCM functions include
several functional blocks that are related with radio resource functions such as:

e Radio Resource Management

e  Mobility Management

e Network-entry Management

e Location Management

e Idle Mode Management

e  Security Management

e System Configuration Management
e MBS

e Service Flow and Connection Management
e Relay Functions

e  Self Organization

e  Multi-Carrier

The Radio Resource Management block adjusts radio network parameters based on traffic load, and also
includes function of load control (load balancing), admission control and interference control.

The Mobility Management block supports functions related to Intra-RAT/ Inter-RAT handover. The
Mobility Management block handles the Intra-RAT/ Inter-RAT Network topology acquisition which
includes the advertisement and measurement, manages candidate neighbor target R1 BSs/ABSs/RSs/ARSs
and also decides whether AMS performs Intra-RAT/Inter-RAT handover operation.

The Network-entry Management block is in charge of initialization and access procedures. The Network-
entry Management block may generate management messages which are needed during access procedures,
i.e., ranging, basic capability negotiation, registration, and so on.

The Location Management block is in charge of supporting location based service (LBS). The Location
Management block may generate messages including the LBS information.

The Idle Mode Management block manages location update operation during Idle Mode. The Idle Mode
Management block controls Idle Mode operation, and generates the paging advertisement message based
on paging message from paging controller in the core network side.

The Security Management block is in charge of authentication/authorization and key management for
secure communication. Traffic encryption/decryption and authentication are performed using a managed
encryption key.

The System Configuration Management block manages system configuration parameters, and transmits
system configuration information to the AMS.

The E-MBS (Enhanced -Multicast Broadcast Service) block controls management messages and data
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associated with broadcasting and/or multicasting service.

The Service Flow and Connection Management block allocates STID and FIDs during access/handover/
service flow creation procedures.

The Relay Functional block includes functions to support multi-hop relay mechanisms. The functions
include procedures to maintain relay paths between ABS and an access ARS.

The Self Organization block performs functions to support self configuration and self optimization
mechanisms. The functions include procedures to request RSs/AMSs to report measurements for self
configuration and self optimization and receive the measurements from the RSs/AMSs.

The Multi-carrier (MC) block enables a common MAC entity to control a PHY spanning over multiple
frequency channels. The channels may be of different bandwidths (e.g. 5, 10 and 20 MHz) on contiguous or
non-contiguous frequency bands. The channels may be of the same or different duplexing modes, e.g. FDD,
TDD, or a mix of bidirectional and broadcast only carriers. For contiguous frequency channels, the
overlapped guard sub-carriers are aligned in frequency domain in order to be used for data transmission.

The control plane part of the Medium Access Control (MAC) functional group includes functional blocks
which are related to the physical layer and link controls such as:

e PHY Control

e Control Signaling

e Sleep Mode Management

e QoS

e  Scheduling and Resource Multiplexing
e  Multi-Radio Coexistence

e Data Forwarding

e Interference Management

e Inter-ABS Coordination

The PHY Control block handles PHY signaling such as ranging, measurement/feedback (CQI), and HARQ
ACK/NACK. Based on CQI and HARQ ACK/NACK, the PHY Control block estimates channel quality as
seen by the AMS, and performs link adaptation via adjusting modulation and coding scheme (MCS), and/or
power level. In the ranging procedure, PHY control block does UL synchronization with power adjustment,
frequency offset and timing offset estimation.

The Control Signaling block generates resource allocation messages.

The Sleep Mode Management block handles Sleep Mode operation. The Sleep Mode Management block
may also generate MAC signaling related to sleep operation, and may communicate with Scheduling and
Resource Multiplexing block in order to operate properly according to sleep period.

The QoS block handles QoS management based on QoS parameters input from Service Flow and
Connection Management block for each connection.

The Scheduling and Resource Multiplexing block schedules and multiplexes packets based on properties of
connections. In order to reflect properties of connections, the Scheduling and Resource Multiplexing block
receives QoS information from QoS block for each connection.

The Multi-Radio Coexistence block performs functions to support concurrent operations of IEEE 802.16m
and non-IEEE 802.16m radios collocated on the same mobile station.

The Data Forwarding block performs forwarding functions when RSs are present on the path between ABS
and AMS. The Data Forwarding block may cooperate with other blocks such as Scheduling and Resource
Multiplexing block and MAC PDU formation block.

The Interference Management block performs functions to manage the inter-cell/sector interference. The
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operations may include:

e MAC layer operation
0 Interference measurement/assessment report sent via MAC signaling
0 Interference mitigation by scheduling and flexible frequency reuse

e PHY layer operation
0 Transmit power control
0 Interference randomization
0 Interference cancellation
0 Interference measurement

0 Tx beamforming/precoding

The Inter-ABS coordination block performs functions to coordinate the actions of multiple ABSs by
exchanging information, e.g., interference management. The functions include procedures to exchange
information for e.g., interference management between the ABSs by backbone signaling and by AMS MAC
messaging. The information may include interference characteristics, e.g. interference measurement results,
etc.

The data plane includes the following MAC functions:
e Fragmentation/Packing
e ARQ
e MAC PDU formation
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Figure 9: IEEE 802.16m Protocol Structure
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The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results
from Scheduling and Resource Multiplexing block.

The ARQ block handles MAC ARQ function. For ARQ-enabled connections, a logical ARQ block is
generated from fragmented or packed MSDUs of the same flow. The ARQ logical blocks are sequentially
numbered. The ARQ block may also generate ARQ management messages such as feedback message
(ACK/NACK information).

The MAC PDU formation block constructs MAC protocol data unit (PDU) so that ABS/AMS can transmit
user traffic or management messages into PHY channel. MAC PDU formation block adds MAC header and
may add sub-headers. Based on input from the security management block, the encryption block can
encrypt user traffic or management messages by a managed encryption key.

8.1.1  AMS/ABS Data Plane Processing Flow

Figure 10 shows the user traffic data flow and processing at the ABS and the AMS. The red arrows show
the user traffic data flow from the network layer to the physical layer and vice versa. On the transmit side, a
network layer packet is processed by the convergence sublayer, the ARQ function (if enabled), the
fragmentation/packing function and the MAC PDU formation function, to form MAC PDU(s) to be sent to
the physical layer. On the receive side, a physical layer SDU is processed by MAC PDU formation
function, the fragmentation/packing function, the ARQ function (if enabled) and the convergence sublayer
function, to form the network layer packets. The black arrows show the control primitives among the CPS
functions and between the CPS and PHY that are related to the processing of user traffic data.
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Figure 10: IEEE 802.16m AMS/ABS Data Plane Processing Flow
Note: The AMS may not utilize all the blocks shown in Figure 10

8.1.2 The AMS/ABS Control Plane Processing Flow

The following figure shows the MAC CPS control plane signaling flow and processing at the ABS and the
AMS. On the transmit side, the blue arrows show the flow of control plane signaling from the control plane
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functions to the data plane functions and the processing of the control plane signaling by the data plane
functions to form the corresponding MAC signaling (e.g. MAC control messages, MAC header/sub-header)
to be transmitted over the air. On the receive side, the blue arrows show the processing of the received
over-the-air MAC signaling by the data plane functions and the reception of the corresponding control
plane signaling by the control plane functions. The black arrows show the control primitives among the
CPS functions and between the CPS and PHY that are related to the processing of control plane signaling.
The black arrows between Management SAP (M_SAP)/ Control SAP (C_SAP) and MAC functional blocks
show the control and management primitives to/from Network Control and Management System (NCMS).
The primitives to/from M_SAP/C _SAP define the network involved functionalities such as inter-ABS
interference management, inter/intra RAT mobility management, etc, and management related
functionalities such as location management, system configuration etc. The Control SAP and Management
SAP expose control plane and management plane functions to upper layers.
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Figure 11: IEEE 802.16m AMS/ABS Control Plane Processing Flow
Note: The AMS may not utilize all the blocks shown in Figure 11

8.1.3  Multicarrier Support Protocol Structure

The generic protocol architecture to support multicarrier system is illustrated in Figure 12. A common
MAC entity may control a PHY spanning over multiple frequency channels. Some MAC messages sent on
one carrier may also apply to other carriers. The channels may be of different bandwidths (e.g. 5, 10 and 20
MHz) on contiguous or non-contiguous frequency bands. The channels may be of different duplexing
modes, e.g. FDD, TDD, or a mix of bidirectional and broadcast only carriers.

The MAC entity may support simultaneous presence of AMSs with different capabilities, such as operation
over one channel at a time only or aggregation across contiguous or non-contiguous channels.
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Figure 12: IEEE 802.16m multicarrier generic protocol structure

8.1.4  Multi-Radio Coexistence Support Protocol Structure

Figure 13 shows an example of multi-radio device with co-located AMS, IEEE 802.11 station, and IEEE
802.15.1 device. The multi-radio coexistence functional block of the AMS obtains the information about
other co-located radio’s activities, such as time characteristics, via inter-radio interface, which is internal to
multi-radio device and out of the scope of the IEEE 802.16m standard.

IEEE 802.16m provides protocols for the multi-radio coexistence functional blocks of AMS and ABS or
ARS to communicate with each other via air interface. The AMS generates management messages to report
the information about its co-located radio activities obtained from inter-radio interface, and ABS or ARS
generates management messages to respond with the corresponding actions to support multi-radio
coexistence operation. Furthermore, the multi-radio coexistence functional block at ABS or ARS
communicates with the Scheduling and Resource Multiplexing functional block to operate properly
according to the reported co-located coexistence activities. The multi-radio coexistence function can be
used independently from Sleep Mode operation to enable optimal power efficiency with a high level of
coexistence support. However, when Sleep Mode provides sufficient co-located coexistence support, the
multi-radio coexistence function may not be used.

IEEE
802.16m BS

IJ air interface

Multi-Radio Device

IEEE IEEE IEEE IEEE
802.15.1 —_— | 802.15.1 802.16m 802.11 — A
device | device MS STA

IEEE 802.11
STA

inter-radio interface

Figure 13: Example of multi-radio device with co-located IEEE 802.16m AMS, IEEE 802.11 STA, and
IEEE 802.15.1 devices

8.2  Relay Protocol Structure

Figure 14 shows the proposed protocol functions for an ARS. An ARS may consist of a subset of the
protocol functions shown in Figure 14. The subset of functions depends on the type or category of the ARS.

The functional blocks and the definitions in this section do not imply that these functional blocks are
supported in all ARS implementations.
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The ARS MAC is divided into two sublayers:

Radio Resource Control and Management (RRCM) sublayer

Medium Access Control (MAC) sublayer

IEEE 802.16m-09/003412

The ARS RRCM sublayer includes the following functional blocks that are related with ARS radio
resource functions:
Mobility Management
Network-entry Management
Location Management
Security Management

MBS

Relay Functions
Self Organization

Multi-Carrier

The Mobility Management block supports AMS handover operations in cooperation with the ABS.

The Network-entry Management block is in charge of ARS/AMS initialization procedures and performing
ARS network entry procedure to the ABS. Network-entry Management block may generate management
messages needed during ARS/AMS initialization procedures and performing the network entry.
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Figure 14: IEEE 802.16m ARS Protocol Structure

36






2009-09-24 IEEE 802.16m-09/003412

The Location Management block is in charge of supporting location based service (LBS), including
positioning data, at the ARS and reporting location information to the ABS. Location Management block
may generate messages for the LBS information including positioning data.

The Security Management block handles the key management for the ARS.

The E-MBS (Enhanced Multicast and Broadcast Service) block coordinates with the ABS to schedule the
transmission of MBS data.

The Relay Functions block includes procedures to maintain relay paths.

The Self Organization block performs functions to support ARS self configuration and ARS self
optimization mechanisms coordinated by ABS. The functions include procedures to request ARSs/AMSs to
report measurements for self configuration and self optimization and receive measurements from the
ARSs/AMSs, and report measurements to ABS. The functions also include procedures to adjust ARS
parameters and configurations for self configuration / optimization with / without the coordination with
ABS.

The Multi-carrier (MC) block enables a common MAC entity to control a PHY spanning over multiple
frequency channels at the ARS.

The ARS Medium Access Control (MAC) sublayer on the control plane includes the following function
blocks which are related to the physical layer and link controls:
e PHY Control
Control Signaling
Sleep Mode Management
QoS
Scheduling and Resource Multiplexing
Data Forwarding
Multi-Radio Coexistence

The PHY Control block handles PHY signaling such as ranging, measurement/feedback (CQI), and HARQ
ACK/NACK at the ARS. Based on CQI and HARQ ACK/NACK, PHY Control block estimates channel
environment of ARS/AMS, and performs link adaptation via adjusting modulation and coding scheme
(MCS) or power level.

The Control Signaling block generates ARS resource allocation messages such as MAP as well as specific
control signaling messages.

The Sleep Mode Management block handles Sleep Mode operation of its AMSs in coordination with the
ABS.

The QoS block handles rate control based on QoS parameters based on inputs from other functional blocks.

The Scheduling and Resource Multiplexing block schedules the transmission of MPDUs. The Scheduling
and Resource Multiplexing block is present in the ARS in order to support distributed scheduling.

The Data Forwarding block performs forwarding functions on the path between ABS and ARS/AMS. The
Data Forwarding block may cooperate with other blocks such as Scheduling and Resource Multiplexing
block and MAC PDU formation block.

The Interference Management block performs functions at the ARS to manage the inter-cell/sector and

inter-ARS interference among ARS and ABS. This includes the collection of interference level
measurements and selection of transmission mode used for individual AMSs attached to the ARS.
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Control functions can be divided among the ABS and ARSs using a centralized model or a distributed
model. In a centralized model, the ABS makes control decisions and the RSs relay control information
between the ABS and AMS. In a distributed model the ARS makes control decisions for AMSs attached to
it as appropriate, and optionally communicates those decisions to the ABS. The determination of whether a
particular control function should be centralized or distributed is made independently for each control
function. The classification of specific control functions as centralized or distributed is for further study.

Multi-Radio Coexistence block within the RS handles multi-radio coexistence operation of its AMSs in
coordination with the ABS.

The MAC functions on the data plane include the following:
e ARQ

e Fragmentation/Packing
e MAC PDU formation
The ARQ block assists MAC ARQ function between ABS, ARS and AMS.

The Fragmentation/Packing block performs fragmenting or packing MSDUs based on scheduling results
from Scheduling and Resource Multiplexing block. The Fragmentation/Packing block in an ARS includes
the unpacking and repacking of fragments that have been received for relaying in order to adapt the size of
MPDU s to the expected channel quality of the outgoing link.

The MAC PDU formation block constructs MAC protocol data units (PDUs) which contain user traffic or
management messages. User traffic is assumed to have originated at either the ABS or AMS. The MAC
PDU formation block may add or modify MPDU control information (e.g., MAC header). Based on input
from the security management block, the encryption block can encrypt user traffic or management
messages by a managed encryption key.

8.3  E-MBS Protocol Structure
Enhanced Multicast and Broadcast Services (E-MBS) consists of MAC and PHY protocols that define
interactions between the AMSs and the ABSs.

While the basic definitions are consistent with IEEE Std 802.16-2009, some enhancements and extensions
are defined to provide improved functionality and performance.

The breakdown of E-MBS function (see Figure 9) into constituent sub-functions is shown in Figure 15. In
the control plane, E-MBS MAC function operates in parallel with the unicast MAC functions. Unicast
MAC functions could operate independently from E-MBS MAC function. E-MBS MAC function may
operate differently depending on whether operating in Active Mode or Idle Mode.
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Figure 15: Breakdown of the E-MBS Function (Control Plane)

The E-MBS MAC function consists of the following functional blocks:

E-MBS Zone Configuration: This function manages the configuration advertisement of E-MBS zones. An
ABS could belong to multiple E-MBS zones.

E-MBS Transmission Mode Configuration: This function describes the transmission mode in which E-
MBS is delivered over air interface such as single-ABS and multi-ABS transmission.

E-MBS Session Management: This function manages E-MBS service registration / de-registration and
session start / update / termination.

E-MBS Mobility Management: This block manages the zone update procedures when an AMS crosses the
E-MBS zone boundary.

E-MBS Control Signaling: This block broadcasts the E-MBS scheduling and logical-to-physical channel
mapping to facilitate E-MBS reception and support power saving.

9  Convergence Sublayer

The service-specific Convergence Sublayer (CS) resides on top of the MAC CPS and utilizes, via the MAC
SAP, the services provided by the MAC CPS. The CS performs the following functions:

Accepting higher layer protocol data units (PDUs) from the higher layer
Performing classification of higher layer PDUs

Processing (if required) the higher layer PDUs based on the classification
Delivering CS PDUs to the appropriate MAC SAP

Receiving CS PDUs from the peer entity

Internet Protocol CS or Generic Packet CS is used to transport packet data over the air interface. For GPCS
the classification is assumed to take place on layers above the CS. Relevant information for performing
classification is transparently transported during connection setup or change.

10 Medium Access Control Layer

10.1  Addressing

The AMS has a global address and logical addresses that identify the AMS and connections during
operation.
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10.1.1 MAC Address

The AMS, ARS and ABS are identified by the globally unique 48-bit IEEE Extended Unique Identifier
(EUI-48™) based on the 24-bit Organizationally Unique Identifier (OUI) value administered by the IEEE
Registration Authority [14].

10.1.2  Logical Identifiers
The following logical identifiers are defined in the following subsections.

10.1.2.1 Station Identifier (STID)

The ABS assigns a 12 bit STID to the AMS during network entry, and, in some cases, network re-entry,
that uniquely identifies the AMS within the domain of the ABS. Each AMS registered in the network has
an assigned STID. Some specific STIDs are reserved, for example, for broadcast, multicast, and ranging.

10.1.2.2 Flow ldentifier (FID)

Each AMS connection is assigned a 4 bit FID that uniquely identifies the connection within the AMS. FIDs
identify management connections and transport connections. Some specific FIDs may be pre-assigned.

10.2 HARQ Functions

IEEE 802.16m always uses HARQ for unicast data traffic in both downlink and uplink. The IEEE 802.16m
HARQ scheme is based on a stop-and-wait protocol. Both ABS and AMS are capable of maintaining
multiple HARQ channels. The DL HARQ channels are identified by HARQ channel identifier (ACID),
whereas the UL HARQ channels are identified by both ACID and the index of UL subframe in which UL
HARQ data burst is transmitted. Multiple UL HARQ channels in the same UL subframe are identified by
different ACIDs, and UL HARQ channels in different UL subframes is identified by the index of UL
subframe when the same ACID is addressed to them.

Generation of the HARQ subpackets follows the channel coding procedures. The received subpackets are
combined by the FEC decoder as part of the decoding process. The use of Incremental redundancy (IR) is
mandatory, with Chase combining as a special case of IR. For IR, each subpacket contains the part of
codeword determined by a subpacket identifier (SPID). The rule of subpacket transmission is as follows:

For the downlink,

a) In the first transmission, ABS sends the subpacket labeled 0b00.
b) ABS may send one among subpackets labeled 0b00, 0b01, 0b10 and Ob11 in any order.

For the uplink,
a) In the first transmission, AMS sends the subpacket labeled 0b00.

b) AMS sends one among subpackets labeled 0b00, 0b01, 0b10 and Ob11 in sequential order.

In order to specify the start of a new transmission, a single-bit HARQ identifier sequence number (Al _SN)
is toggled on every new HARQ transmission attempt on the same ACID. If the Al SN changes, the
receiver treats the corresponding HARQ attempt as belonging to a new encoder packet and discards
previous HARQ attempt with the same ACID.

10.2.1  HARQ in the Downlink

10.2.1.1 HARQ Timing and Protocol

IEEE 802.16m uses adaptive asynchronous HARQ in the downlink. In adaptive asynchronous HARQ, the
resource allocation and transmission format for the HARQ retransmissions may be different from the initial
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transmission. In case of retransmission, control signaling is required to indicate the resource allocation and
transmission format along with other HARQ necessary parameters.

Upon receiving a DL Basic Assignment A-MAP IE, AMS attempts to receive and decode the data burst as
allocated to it by the DL Basic Assignment A-MAP IE. If the decoding is successful, the AMS sends a
positive acknowledgement to ABS; otherwise, AMS will send a negative acknowledgement to ABS.

The process of retransmissions is controlled by the ABS using the ACID and AI SN fields in the DL Basic
Assignment A-MAP IE. If the AI SN field for the ACID remains same between two HARQ bursts
allocation, it indicates retransmission. Through the DL Basic Assignment A-MAP IE for retransmission,
the ABS may allocate different resource allocation and transmission format. If Al SN field for the ACID is
toggled, i.e. from 0 to 1 or vice versa, it indicates the transmission of a new HARQ burst. In the DL, the
maximum number of total HARQ channels per AMS is 16. The delay between two consecutive HARQ
transmissions of the same data burst does not exceed the maximum [T ReTx Interval]. The number of
retransmissions of the same data burst does not exceed the maximum [N MAX ReTx].
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Figure 16: Example of FDD DL HARQ timing for 5, 10 and 20 MHz channel bandwidths
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Figure 17: Example of TDD DL HARQ timing for 5, 10 and 20 MHz channel bandwidths

The HARQ ACK/NACK delay is defined for FDD and for each TDD DL/UL ratio and for each mixed
mode scenario.

A failed HARQ burst should be retransmitted within maximum retransmission delay bound. An HARQ
burst is discarded if a maximum number of retransmissions is reached.

10.2.1.2 HARQ Operation with Persistent and Group Allocation

When persistent allocation is applied to initial transmissions, HARQ retransmissions are supported in a
non-persistent manner, i.e. resources are allocated dynamically for HARQ retransmissions. Asynchronous
HARQ operation is supported.
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With group resource allocation, the HARQ retransmissions are allocated individually in an asynchronous
manner.

10.2.2 HARQ in the Uplink

10.2.2.1 HARQ Timing and Protocol

IEEE 802.16m uses synchronous HARQ in the uplink. For synchronous HARQ), resource allocation for the
retransmissions in the uplink can be fixed or adaptive according to control signaling. The default operation
mode of HARQ in the uplink is non-adaptive, i.e. the parameters and the resource for the retransmission are
known a priori. The ABS can by means of signaling enable an adaptive UL HARQ mode. In adaptive
HARQ the parameters of the retransmission are signaled explicitly.

Upon receiving a UL Basic Assignment A-MAP IE, the AMS transmits the subpacket of HARQ data burst
in the resource assigned by the UL Basic Assignment A-MAP IE. The ABS attempts to decode the data
burst. If the decoding is successful, the ABS sends a positive acknowledgement to the AMS; otherwise, the
ABS will send a negative acknowledgement to AMS. Upon receiving the negative acknowledgement, AMS
triggers retransmission procedure.

In the retransmission procedure, if AMS does not receive a UL Basic Assignment A-MAP IE for the
HARQ data burst in failure, the AMS transmits the next subpacket through the resources assigned at the
latest subpacket transmission with the same ACID. A UL Basic Assignment A-MAP IE may be sent to
signal control information for retransmission with the corresponding ACID and AI_SN being not toggled.
Upon receiving the UL Basic Assignment A-MAP IE, the AMS performs the HARQ retransmission as
instructed in this UL Basic Assignment A-MAP IE.

In UL, the maximum number of total HARQ channels per AMS is 16. The number of retransmissions of
the same data burst does not exceed the maximum [N MAX ReTx].
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Subframe index Subframe index
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
U [ —" e
0 ! 2 I 5 7 1 o ! 2 3 A5 6
UL UL data burst UL data burst
Figure 18: Example of FDD UL HARQ timing for 5, 10 and 20 MHz channel bandwidths
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Figure 19: Example of TDD UL HARQ timing for 5, 10 and 20 MHz channel bandwidths
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10.2.2.2 HARQ Operation with Persistent and Group Allocation

When persistent allocation is applied to initial transmissions, HARQ retransmissions are supported in a
synchronous manner i.e., resources are allocated implicitly or explicitly.

With group resource allocation, the HARQ retransmissions are allocated individually in a synchronous
manner.

10.2.3 HARQ and ARQ Interactions

When both ARQ and HARQ are applied for a flow, HARQ and ARQ interactions described here can be
applied to the corresponding flow.

If the HARQ entity in the transmitter determines that the HARQ process was terminated with an
unsuccessful outcome, the HARQ entity in the transmitter informs the ARQ entity in the transmitter about
the failure of the HARQ burst. The ARQ entity in the transmitter can then initiate retransmission and re-
segmentation of the ARQ blocks that correlate to the failed HARQ burst.

10.3 Handover

The following 4 cases are considered for handover in IEEE 802.16m:

Case-1: AMS handover from serving R1 BS to target R1 BS
Case-2: AMS handover from serving ABS to target R1 BS
Case-3: AMS handover from serving R1 BS to target ABS
Case-4: AMS handover from serving ABS to target ABS

The IEEE 802.16m network and mobile station use legacy handover procedures for case-1. Solutions for
cases 2, 3 and 4 are described in Sections 10.3.3.3, 10.3.3.2 and 10.3.2 respectively.

10.3.1  Network Topology Acquisition

10.3.1.1 Network Topology Advertisement

An ABS periodically broadcasts the system information of the neighboring ABSs and/or R1 BS using
Neighbor Advertisement message. The ABS formats the Neighbor Advertisement message based on the
cell types of neighbor cells, in order to achieve overhead reduction and facilitate scanning priority for the
AMS. A broadcast Neighbor Advertisement message does not include information of neighbor CSG
femtocells. Special handling of neighbor information of Femto ABS is described in Section 15.7.

A serving ABS may unicast the Neighbor Advertisement message to an AMS. The Neighbor
Advertisement message may include parameters required for cell selection e.g., cell load and cell type.

10.3.1.2 Scanning Procedure

The scanning procedure provides the opportunity for the AMS to perform measurement of the neighboring
cells for handover decision. The AMS may use any interval not allocated by the serving ABS to perform
autonomous scanning. In addition, the AMS may perform scanning procedure without interrupting its
communication with the serving ABS if the AMS supports such capability.

The AMS selects the scanning candidate ABSs from information obtained from the ABS or information
cached in the AMS. The ABS or AMS may prioritize the neighbor ABSs to be scanned based on various
metrics, such as cell type, loading, RSSI and location.

As part of the scanning procedure, the AMS measures the selected scanning candidate ABSs and reports
the measurement result back to the serving ABS. The measurements may be used by the AMS or the
network to determine the correct target ABS for the AMS to handover to. The measurements in the
Advanced WirelessMAN-OFDMA Interface include the measurements specified as part of the
WirelessMAN-OFDMA R1 Reference system as well as any other measurements defined in the Advanced
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WirelessMAN-OFDMA Interface. The serving ABS defines triggering conditions and rules for the AMS
sending a scanning report.

10.3.2  Handover Process

10.3.2.1 HO Framework

The handover procedure may be initiated by either the AMS or the ABS. In the case of AMS initiated HO,
the AMS sends an HO initiation message to the serving ABS (S-ABS). The S-ABS responds to the HO
initiation message by sending an HO command message to the AMS. In the case of the S-ABS initiated HO,
the S-ABS sends an HO Command control message to the AMS. In both cases (HO initiated by AMS or S-
ABS) the HO command message should include one or more target ABSs (T-ABSs). If the HO command
message includes only one target ABS, the AMS should execute the HO as directed by the ABS. An AMS
may send a HO indication message to the S-ABS before the expiration of disconnect time. The S-ABS
stops sending DL data and providing UL allocations to the AMS after expiration of the disconnect time or
after reception of HO-IND.

If the HO command message includes more than one target ABSs, the AMS selects one of these targets and
informs the S-ABS of its selection by sending an HO indication message to the S-ABS before the
expiration of disconnect time.

The network re-entry procedure with the target ABS may be optimized by target ABS possession of AMS
information obtained from serving ABS over the backbone network. AMS may also maintain
communication with serving ABS while performing network re-entry at target ABS as directed by serving
ABS. Figure 20 shows a general call flow for handover.

The S-ABS defines error conditions based on which the AMS decides when a T-ABS among those that are
included in HO command control signaling is unreachable. If all the target ABSs that are included in the
HO command signaling are unreachable, the AMS signals the new T-ABS to the S-ABS by sending HO
indication control signaling before the expiration of disconnect time, and the AMS performs network re-
entry at the new T-ABS as indicated in the HO indication control signaling. The AMS also indicates the
identity of its old S-ABS to the new T-ABS during network entry at the new T-ABS.

Serving Target
MS BS BS
HO Initiation
“““““““ g HO REQ
______________ ’
HO RSP
HO Command DA
HO Indication

Network re-entry

/' MS-BS Communication |
" during Network re-entry /|
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[ «—— Data path established———p|

Figure 20: The general call flow for handover
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The handover procedures are divided into three phases namely, HO initiation, HO preparation and HO
execution. When HO execution is complete, the AMS is ready to perform Network re-entry procedures at
target ABS. In addition, a HO cancellation procedure is defined to allow AMS cancel a HO procedure.

10.3.2.2 HO Procedure

10.3.2.2.1 HO initiation

Handover procedure may be initiated by either the AMS or the ABS. When handover is initiated by the
AMS, it is based on the triggers and conditions defined by the S-ABS. The HO trigger may consist of a
combination of multiple conditions. When HO is initiated by AMS, a HO Initiation control signaling is sent
by the AMS to start the HO procedure. In case of ABS initiated HO, HO initiation and HO preparation
phases are carried out together.

10.3.2.2.2 HO Preparation

During the HO preparation phase, the serving ABS communicates with target ABS(s) selected for HO. The
target ABS may obtain AMS information from the serving ABS via backbone network for HO optimization.
If ranging with target ABS is not performed prior to or during HO preparation, dedicated ranging resource
(e.g. code, channel, etc.) at target ABS may be reserved for the AMS to facilitate non-contention-based HO
ranging. Information regarding AMS identity (e.g. TEK, STID, FIDs, etc.), may be pre-updated during HO
preparation. Any mismatched system information between AMS and the target ABS, if detected, may be
provided to the AMS by the Serving ABS during HO preparation.

When only one target ABS is included in the HO Command control signaling, the HO preparation phase
completes when the serving ABS informs the AMS of its handover decision via a HO Command control
signaling. When multiple target ABSs are included in the HO Command control signaling, the HO
preparation phase completes when the AMS informs the ABS of its target ABS selection via HO indication
control signaling. The HO Command control signaling may include dedicated ranging resource allocation
and resource pre-allocations for AMS at each target ABS for optimized network re-entry. The HO
Command control signaling includes an action time for the AMS to start network re-entry at each target
ABS and an indication whether AMS should maintain communication with serving ABS during network
re-entry. The HO Command control signaling further includes a disconnect time, which indicates when the
serving ABS will stop sending downlink data and stop providing any regularly scheduled unsolicited uplink
allocations for the AMS. In the case that AMS maintains communication with serving ABS during network
re-entry, the parameters associated with the scheme of multiplexing transmission with serving and target
ABS are determined by serving ABS based on the AMS capability and negotiated between the serving and
target ABSs.

The HO command control signaling indicates if the static and/or dynamic context and its components of the
AMS is available at the target ABS.

10.3.2.2.3 HO Execution

At the action time specified in the HO command control signaling, the AMS performs network re-entry at
the target ABS. If communication is not maintained between AMS and serving ABS during network re-
entry at the target ABS, serving ABS stops allocating resources to AMS for transmission at disconnect time.

If directed by serving ABS via HO Command control signaling, the AMS performs network re-entry with
the target ABS at action time while continuously communicating with the serving ABS. However, the AMS
stops communication with serving ABS after network re-entry at target ABS is completed. In addition,
AMS cannot exchange data with target ABS prior to completion of network re-entry. Multiplexing of
network re-entry signaling with the target ABS and data communications with the serving ABS is done by
negotiating with the serving ABS for some intervals for network re-entry signaling with the target ABS,
and the remaining intervals for data communication with the serving ABS. If the negotiated interval is set
to 0, the AMS communicates with the serving ABS continuously while concurrently performing network
re-entry with the target ABS. In case of single radio AMS, the negotiated interval excludes the value 0.
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10.3.2.2.4 HO Cancellation

After HO is initiated, the handover may be canceled by AMS at any phase during HO procedure. After the
HO cancellation is processed, the AMS and serving ABS resume their normal operation.

The network can advertise HO cancellation trigger conditions. When one or more of these trigger
conditions are met the AMS cancels the HO.

10.3.2.3 Network Re-entry

The network re-entry procedure is performed as specified in the WirelessMAN OFDMA R1 Reference
System unless otherwise specified in this section.

If a dedicated ranging code is assigned to the AMS by target ABS, the AMS transmits the dedicated
ranging code to the target ABS during network re-entry. If a ranging channel is scheduled by the target
ABS for handover purpose only, the AMS should use that ranging channel in order to avoid excessive
multiple access interference. Upon reception of the dedicated ranging code, the target ABS should allocate
uplink resources for AMS to send RNG-REQ message and UL data if needed.

When the AMS performs handover to the target ABS, CDMA-based HO ranging may be omitted.

10.3.3  Handover Process Supporting WirelessMAN OFDMA R1 Reference System
The text in this subclause summarizes handover involving a WirelessMAN-OFDMA Advanced System and
a WirelessMAN-OFDMA R1 Reference System specified per subclause 12.5 of IEEE Std 802.16-2009 [3].

Handover involving an WirelessMAN-OFDMA Advanced System and an FDD system covered under
subclause 12.7 of IEEE Std 802.16-2009 [3] follows similar procedures.

10.3.3.1 Network Topology Acquisition

When a WirelessMAN-OFDMA R1 Reference System co-exists with a WirelessMAN-OFDMA Advanced
System, cells/sectors may belong to either system. An R1 BS advertises the system information for its
neighbor R1 BSs and the LZones of its neighbor ABSs. An ABS advertises the system information for its
neighbor R1 BSs in its both LZone and MZone. It advertises the LZone system information of its neighbor
ABSs in its LZone. It also advertises the system information for its neighbor ABSs in its MZone.

The ABS may indicate its WirelessMAN-OFDMA Advanced capability and information in its LZone
broadcast information (e.g. by the modified reserved bit of the FCH and the MAC version TLV).

10.3.3.2 Handover from R1 BS to ABS

When a handover from a WirelessMAN-OFDMA R1 Reference System to a WirelessMAN-OFDMA
Advanced System is triggered for an R1 MS, the R1 MS handover is from the serving R1 BS to the LZone
of the target ABS using WirelessMAN-OFDMA R1 Reference System handover signaling and procedures.

An AMS may handover from the serving R1 BS to the LZone of the target ABS using a WirelessMAN-
OFDMA R1 Reference System handover signaling and procedures, and switch to the MZone of the ABS
after AMS entering LZone.

An AMS may also handover from an R1 BS to a WirelessMAN-OFDMA-Advanced-System-only ABS or
MZone of ABS directly if AMS is able to scan WirelessMAN-OFDMA -Advanced-System-only ABS or
MZone prior to handover.

10.3.3.3 Handover from ABS to R1 BS

When a handover from the WirelessMAN-OFDMA Advanced System to the WirelessMAN-OFDMA R1
Reference System is triggered for an R1 MS, the R1 MS handover is from LZone of the serving ABS to the
target R1 BS using handover signaling and procedures as defined in WirelessMAN-OFDMA R1 Reference
System.
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When a handover from the WirelessMAN-OFDMA Advanced System to the WirelessMAN-OFDMA R1
Reference System is triggered for an AMS, the serving ABS and AMS perform handover execution using
handover signaling and procedures as defined in the WirelessMAN-OFDMA Advanced System. The
serving ABS performs context mapping and protocol inter-working from the WirelessMAN-OFDMA
Advanced System to the WirelessMAN-OFDMA R1 Reference System. Then the AMS perform network
re-entry to target R1 BS using network re-entry signaling and procedures as defined in the WirelessMAN-
OFDMA R1 Reference System.

10.3.4 Inter-RAT Handover Procedure

10.3.4.1 Network Topology Acquisition

IEEE 802.16m systems advertise information about other RATs to assist the AMS with network discovery
and selection. IEEE 802.16m systems provide a mechanism for AMS to obtain information about other
access networks in the vicinity of the AMS from an ABS either by making a query or listening to system
information broadcast. This mechanism can be used both before and after AMS authentication. IEEE
802.16m system may obtain the other access network information from an information server. The ABSs
may indicate the boundary area of the IEEE 802.16m network by advertising a network boundary
indication. Upon receiving the indication, the AMS may perform channel measurement to the non-IEEE
802.16m network.

10.3.4.2 Generic Inter-RAT HO procedure

IEEE 802.16m system provides mechanisms for conducting inter-RAT measurements and reporting.
Further, IEEE 802.16m system forwards handover related messages with other access technologies such as
IEEE 802.11, 3GPP and 3GPP2. The specifics of these handover messages may be defined elsewhere, e.g.
IEEE 802.21.

10.3.4.3 Enhanced Inter-RAT HO procedure

10.3.4.3.1 Dual Transmitter/Dual Receiver Support

In addition to the HO procedures specified in Section 10.3.4.2, an AMS with dual RF may connect to both
an ABS and a BS operating on other RAT simultaneously during handover. The second RF is enabled
when inter-RAT handover is initiated. The network entry and connection setup processes with the target BS
are all conducted over the secondary radio interface. The connection with the serving BS is kept alive until
handover completes.

10.3.4.3.2 Single Transmitter/Single Receiver Support

An AMS with a single RF may connect to only one RAT at a time. The AMS will use the source RAT to
prepare the target RAT system. Once target RAT preparation is complete the AMS may switch from source
RF to target RF and complete network entry in target RAT. Only one RF is active at any time during the
handover.

104 ARQ

10.4.1 ARQ Block Usage

An ARQ block is generated from one or multiple MAC SDU(s) or MAC SDU fragment(s) of the same
flow. ARQ blocks can be variable in size.

An ARQ block is constructed by fragmenting MAC SDU or packing MAC SDUs and/or MAC SDU
fragments. The fragmentation or packing information for the ARQ block is included in the extended header
within MAC PDU.

When the transmitter generates a MAC PDU for transmission, the MAC PDU payload contains one or

more ARQ blocks. If the MAC PDU payload contains traffic from a single connection, PDU payload itself
is a single ARQ block. If traffic from multiple connections is multiplexed into one MAC PDU, the MAC
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PDU payload contains multiple ARQ blocks. The number of ARQ blocks in a MAC PDU payload is equal
to the number of connections.

The ARQ blocks of a connection are sequentially numbered. The ARQ block SN (sequence number) is
included in the extended header. The original MAC SDU ordering is maintained when ARQ block SN is
numbered.

Retransmission of a failed ARQ block can be performed with or without rearrangement. In case of ARQ
block retransmission without rearrangement, the MAC PDU contains the same ARQ block and
corresponding fragmentation and packing information, which was used in the initial transmission. In case
of ARQ block retransmission with rearrangement, a single ARQ block may be fragmented into a sequence
of multiple ARQ sub-blocks which are fixed in size. An MPDU payload should be constructed from one or
more ARQ sub-blocks. ARQ sub-block is maintained during retransmission.

10.4.2 ARQ Feedback
The ARQ feedback IE is defined for the receiver to indicate the reception status of an ARQ block (initial

transmission) and an ARQ sub-block. The ARQ feedback IE is transported either as part of extended
header (piggybacked) within a MAC PDU or a standalone MAC control message.

The ARQ feedback IE supports cumulative and selective ACK. In cumulative ACK, ARQ SN or ARQ
sub_SN are reported to indicate successful reception. In selective ACK, each bit of ACK MAP indicates
the error or success of ARQ blocks.

The transmitter can request ARQ feedback poll to update reception status of the transmitted ARQ blocks.
In the downlink, an ABS may assign unsolicited bandwidth for the AMS to send ARQ feedback
information.

The receiver sends ARQ feedback IE when these three conditions are met:
e ARQ feedback polling request is received from the transmitter
e An ARQ block has been missing for a predetermined period
e ARQ discard message is received from the transmitter.

10.4.3 ARQ Parameters

The following ARQ parameters are used for ARQ operation.

e ARQ SN MODULUS: the number of unique ARQ sequence values.

e ARQ WINDOW SIZE: the maximum number of ARQ blocks with consecutive BSN in the
sliding window of ARQ blocks that is managed by the receiver and the transmitter.

e ARQ BLOCK LIFETIME: the maximum time interval an ARQ block is managed by the
transmitter ARQ state machine, once initial transmission of the block has occurred. After expiring
ARQ BLOCK LIFETIME, the corresponding ARQ block is discarded in the ARQ window.

e ARQ RX PURGE TIMEOUT: the time interval the receiver waits after successful reception of a
block that does not result in advancement of ARQ RX WINDOW START, before advancing
ARQ_RX WINDOW_START

e MAX ARQ BUFFER SIZE: the maximum size of the buffer (in bytes) that the AMS is able to
allocate for the ARQ connection.

e ARQ SYNC LOSS TIMEOUT: the maximum time interval ARQ TX WINDOW START or
ARQ_RX WINDOW_START is allowed to remain at the same value before declaring a loss of
synchronization of the sender and receiver state machines when data transfer is known to be active.

e ARQ REORDERING TIMEOUT: the time interval that ARQ block is declared as an error. It is
used to reorder ARQ blocks that arrive out-of-order due to HARQ retransmission.

10.4.4 ARQ State Machine Variables

The ARQ state machine variables is defined to maintain ARQ window operation. At the transmitter,
ARQ_TX WINDOW _START is the lowest edge of ARQ window. ARQ TX NEXT SN is the lowest
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ARQ SN of the next ARQ block to be sent by the transmitter. In the receiver side,
ARQ RX WINODW _START is the lowest edge of ARQ window. ARQ RX HIGHEST SN is the
highest ARQ SN of ARQ block received, plus one.

10.4.5 ARQ Operation

10.4.5.1 Transmitter State Machine

The ARQ state machine at the transmitter is similar to that in the WirelessMAN-OFDMA R1 Reference
System. Each ARQ enabled connection has an independent ARQ state machine. An ARQ block may be in
one of the following five states: not-sent, outstanding, waiting-for-retransmission, discard, and done state.
The ARQ state machine in the transmitter is shown in Figure 21.

\L/ 3,
YQ Retransmit Oﬁ‘

ACK

Figure 21 : ARQ Tx block states

Any ARQ block in the buffer begins from "not-sent" state before being transmitted. When an ARQ block is
initially transmitted, the ARQ BLOCK LIFETIME timer is started for this ARQ block and the ARQ block
state transits from "not-sent" state to "outstanding" state.

While an ARQ block is in "outstanding" state, the transmitter waits for an acknowledgement. If a positive
acknowledgement (ACK) arrives, the ARQ block state transits to the "done" state. If ARQ block were
negatively acknowledged (NACK or Local NACK), the ARQ block state transits to "waiting-for-
retransmission” state. If the ARQ BLOCK LIFETIME period expires, the ARQ block state transits to
"discard" state.

While an ARQ block is in "waiting-for-retransmission" state, transmitter prepares for ARQ block
retransmission. If ARQ block is re-transmitted, the ARQ block state transits to "outstanding". If a positive
acknowledgement (ACK) arrives, the ARQ block state transits to the "done" state. If the
ARQ BLOCK LIFETIME period expires, the ARQ block state transits to "discard" state.

While ARQ block is in "discard" state, the transmitter sends discard message and waits for the
acknowledgement from the receiver. If a positive acknowledgement (ACK) of the ARQ block

corresponding to the Discard message arrives, the ARQ block state transits to "done" state.

When ARQ block is in "done" state, the transmitter flushes the ARQ block and removes the timers and
state variables associated with the flushed ARQ block.

10.45.2 Receiver State Machine
The ARQ state machine procedure at the receiver is the same as that in the WirelessMAN-OFDMA R1
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Reference System. The ARQ block reception procedure is shown in Figure 22.
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Figure 22 : ARQ block reception procedure

10.4.5.3 SDU Reconstruction and In-order Delivery

The MAC SDU at the receiver is reconstructed from the received ARQ blocks. MAC SDUs are delivered
to the upper layers in-order.

10.4.5.4 ARQ reset procedure

When a transmitter or receiver needs to trigger a reset of the ARQ state machine, the transmitter or receiver
can start the ARQ reset procedures which follows WirelessMAN-OFDMA R1 Reference System. When an
ARQ reset error occures during the ARQ reset procedure, the ABS or AMS may reinitialize its MAC. The
triggering conditions of ARQ reset are implementation specific.

10.4.5.5 ARQ purge procedure

When the ARQ_RX PURGE TIMEOUT expires, the ARQ Purge message is sent to the transmitter. After
receiving the  acknowledgement corresponding to the ARQ  Purge message, the
ARQ RX WINDOW_START is advanced to the lowest SN of the next block not yet received.

10.4.5.6 ARQ Synchronization loss

If transmitter or receiver declares an ARQ synchronization loss, transmitter or receiver may initiate the
ARQ reset procedure. The actions following the ARQ synchronization loss is implementation specific.

10.5 Power Management

IEEE 802.16m provides AMS power management functions including sleep mode and idle mode to
alleviate AMS battery consumption.
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10.5.1 Sleep Mode

10.5.1.1 Introduction

In the connected state, an AMS in sleep mode conducts pre-negotiated periods of absence from the serving
ABS air interface. Per AMS, a single power saving class is managed in order to handle all the active
connections of the AMS. Sleep mode may be activated when an AMS is in the connected state. When Sleep
Mode is active, the AMS is provided with a series of alternate listening window and sleep windows. The
listening window is the time in which the AMS is available to exchange control signaling as well as data
between itself and the ABS.

The Advanced WirelessMAN-OFDMA System provides a framework for dynamically adjusting the
duration of sleep windows and listening windows based on changing traffic patterns and HARQ operations.
The length of successive sleep cycles, each of which comprises a sleep window and a listening window,
may remain constant or may change based on traffic conditions.

Sleep windows and listening windows can be dynamically adjusted for the purpose of data transportation as
well as MAC control signaling transmission. The AMS can send and receive data and MAC control
signaling without deactivating the sleep mode.

10.5.1.2 Sleep Mode Entry

Sleep mode activation/entry is initiated either by an AMS or an ABS. When the AMS is in Active mode,
sleep parameters are negotiated between AMS and ABS. ABS makes the final decision and instructs the
AMS to enter sleep mode. MAC control signaling is used for sleep mode request/response signaling.

10.5.1.3  Sleep Mode Operations

10.5.1.3.1  Sleep Cycle Operation

The unit of sleep cycle is frames. The start of the listening window is aligned at the frame boundary. The
AMS ensures that it has up-to-date system information for proper operation. If the AMS detects that the
information it has is not up-to-date, then it does not transmit in the listening window until it receives the
up-to-date system information. A sleep cycle is the sum of a sleep window and a listening window. The
AMS or ABS may request change of sleep cycle through explicit MAC control signaling. Also, sleep cycle
may change implicitly. The ABS keeps synchronizing with the AMS on the sleep/listening windows’
boundary. The synchronization can be done either implicitly with a pre-determined procedure, or explicitly
using a proper signaling mechanism.

10.5.1.3.2 Sleep Window Operation

During the sleep window, the AMS is unavailable to receive any DL data and MAC control signaling from
the serving ABS. IEEE 802.16m provides a framework for dynamically adjusting the duration of the sleep
windows. If the AMS has data or MAC control signaling to transmit to the ABS during the sleep window,
the AMS can interrupt the sleep cycle operation.

10.5.1.3.3  Listening Window Operation

During the listening window, the AMS can receive DL data and MAC control signaling from ABS. The
AMS can also send data if any uplink data is scheduled for transmission. Listening window is measured in
units of frames. After termination (by explicit signaling or implicit method) of a listening window, the
AMS may go back to sleep for the remainder of the current sleep cycle.

10.5.1.3.3.1 Traffic Indication

During the AMS listening window, ABS may transmit the traffic indication message intended for one or
multiple AMSs accoriding to the sleep negotiation messages. It indicates whether or not there is traffic
addressed to one or multiple AMSs. The traffic indication message is transmitted at pre-defined location.
Upon receiving negative traffic indication in the traffic indication message, the AMS can go to sleep for the
rest of the current sleep cycle.
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10.5.1.3.3.2 Listening Window Extension
The listening window duration can be dynamically adjusted based on traffic availability or control

signaling in AMS or ABS. The listening window can be extended through explicit signaling or implicit
method. The listening window cannot be extended beyond the end of the current sleep cycle.

10.5.1.3.4 Sleep Mode Exit
Sleep mode termination/deactivation is initiated either by the AMS or the ABS. The ABS makes the final

decision and instructs the AMS to de-activate sleep mode by using explicit signaling. MAC control
signaling are used for sleep mode request/response signaling.

10.5.2  Idle Mode

Idle mode provides efficient power saving for the AMS by allowing the AMS to become periodically
available for DL broadcast traffic messaging (e.g. Paging message) without registration at a specific ABS.

The network assigns idle mode AMS to a paging group during idle mode entry or location update. The
design allows the network to minimize the number of location updates performed by the AMS and the
paging signaling overhead caused to the ABSs. The idle mode operation considers user mobility.

The ABSs and Idle Mode AMSs may belong to one or multiple paging groups. Idle mode AMSs may be
assigned paging groups of different sizes and shapes based on user mobility.

The AMS monitors the paging message at AMS’s paging listening interval. The start of the AMS’s paging
listening interval is derived based on paging cycle and paging offset. Paging offset and paging cycle are
defined in terms of number of superframes.

The AMSs may be divided into logical groups to offer a scalable paging load-balancing distribution.

10.5.2.1 Paging Procedure

The ABS transmits the list of PGIDs at the pre-determined location. The PGID information should be
received during AMS's paging listening interval.

10.5.2.1.1 ABS Broadcast Paging Message

Within a paging listening interval, the frame that contains the paging message for one or group of idle
mode AMSs is known to idle mode AMSs and the paging ABSs. Paging message includes identification of
the AMSs (i.e. temporary identifier) to be notified of DL traffic pending or location update.

10.5.2.1.2 Operation During Paging Unavailable Interval

The ABS should not transmit any DL traffic or paging advertisement to the AMS during AMS’s paging
unavailable interval. During paging unavailable interval, the AMS may power down, scan neighbor ABSs,
reselect a preferred ABS, conduct ranging, or perform other activities for which the AMS will not
guarantee availability to any ABS for DL traffic.

10.5.2.1.3 Operation During Paging Listening Interval

The AMS derives the start of the paging listening interval based on the paging cycle and paging offset. At
the beginning of paging listening interval, the AMS scans and synchronizes on the A-PREAMBLE of its
preferred ABS. The AMS decodes the SFH. The AMS confirms whether it exists in the same paging group
as it has most recently belonged by getting PGID information.

During the paging listening interval, AMS monitors SFH. If the SFH indicates change in system broadcast
information (e.g. change in system configuration count) then the AMS should acquire the latest system

broadcast information at the pre-determined time when the system information is broadcasted by the ABS.

The AMS decodes the full paging message at the predetermined location. If the AMS decodes a paging
message that contains its identification, the AMS performs network re-entry or location update depending
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on the notification indicated in the paging message. Otherwise, the AMS returns to paging unavailable
interval.

10.5.2.2 Idle Mode Entry/Exit Procedure

10.5.2.2.1 Idle Mode Initiation

An AMS or serving ABS initiates idle mode using procedures defined in the WirelessMAN-OFDMA R1
Reference System. In order to reduce signaling overhead and provide location privacy, a temporary
identifier is assigned to uniquely identify the AMSs in the idle mode in a particular paging group. The
AMS’s temporary identifier remains valid as long as AMS stays in the same paging group. The temporary
identifier assignment may happen during idle mode entry or during location update due to paging group
change. Temporary identifier may be used in paging messages or during AMS’s network re-entry
procedure.

10.5.2.2.2 Idle Mode Termination

An AMS terminates idle mode operation using procedures defined in the WirelessMAN-OFDMA R1
Reference System. For termination of idle mode, the AMS performs network re-entry with its preferred
ABS. The network re-entry procedure can be shortened by the ABS possession of the AMS information.

10.5.2.3 Location Update

10.5.2.3.1 Location Update Trigger Condition

An AMS in idle mode performs a location update process operation if any of the following location update
trigger condition is met.

Paging group location update
Timer based location update
Power down location update
MBS location update

During paging group location update, timer based location update, or MBS location update, the AMS may
update temporary identifier, paging cycle and paging offset.

10.5.2.3.2 Location Update Procedure

If an AMS determines or elects to update its location, depending on the security association the AMS
shares with its preferred ABS, the AMS uses one of two processes: secure location update process or
unsecure location update process.

Location update comprises conditional evaluation and location update signaling.

10.5.2.3.2.1 Paging Group Location Update

The AMS performs the Location Update process when the AMS detects a change in paging group. The
AMS detects the change of paging group by monitoring the Paging Group IDs, which are transmitted by
the ABS.

10.5.2.3.2.2 Timer Based Location Update

The AMS periodically performs location update process prior to the expiration of idle mode timer. At every
location update including paging group location update, idle mode timer is reset to 0 and restarted.

10.5.2.3.2.3 Power Down Location Update
The AMS attempts to complete a location update once as part of its orderly power down procedure.

10.5.2.3.2.4 MBS Location Update
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For an AMS receiving MBS data in the Idle State, during MBS zone transition, the AMS may perform the
MBS location update process to acquire the MBS zone information for continuous reception of MBS data

10.5.3  Power Management for the Connected Mode

Enhanced power savings when the AMS is in connected mode and is actively transmitting to the network
may be supported. In this mode, the base station optimizes resources and transmission parameters to
optimize energy savings at the AMS.

10.6  Security

10.6.1  Security Architecture

The security functions provide subscribers with privacy, authentication, and confidentiality across the
WirelessMAN-OFDMA Advance System. It does this by applying cryptographic transforms to MAC PDUs
carried across connections between AMS and ABS.

The security architecture of WirelessMAN-OFDMA Advance System consists of the following functional
entities: the AMS, the ABS, and the Authenticator.

Figure 23 describes the protocol architecture of security services.

EAP
(Out of Scope of IEEE 802.16m
Specification)
Authorization/Security EAP Encapsulation/De-
Association Control encapsulation
Location Privacy Enhanced Key Management PKM Control

User Data and Management Message Encryption/Authentication

Figure 23 : Functional blocks of the IEEE 802.16m security architecture

Within AMS and ABS the security architecture is divided into two logical entities:
e  Security management entity
e Encryption and integrity entity

Security management entity functions includes :

e  Overall security management and control

e EAP encapsulation/decapsulation for authentication - see 10.6.2

e Privacy Key Management (PKM) control (e.g. key generation/derivation/distribution, key state
management) - see 10.6.3

e Authentication and Security Association (SA) control - authentication is described in 10.6.2 and
SA control in 10.6.4

e Location privacy - see 10.6.2.1

Encryption and integrity protection entity functions include:
e Transport data Encryption/Authentication Processing
e Management message authentication processing
e Management message Confidentiality Protection
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10.6.2  Authentication
The authentication of user and device identities takes place between AMS and ABS entities using EAP.

The choice of EAP methods and selection of credentials that are used during EAP-based authentication are
outside the scope of this specification.

.Authentication is performed during initial network entry after basic capability negotiation. Security
capabilities, policies etc. are negotiated in the authentication, authorization, and key exchange stage.

Re-authentication should be made before lifetime of authentication materials/credentials expires. Data
transmission may continue during re-authentication process, by providing AMS with two sets of
authentication/keying material with overlapping lifetimes. Authentication procedure is controlled by
authorization state machine, which defines allowed operations in specific states.

10.6.3  Key Management Protocol
WirelessMAN-OFDMA Advance System inherits the key hierarchies of theWirelessMAN-OFDMA R1
Reference System. The WirelessMAN-OFDMA Advance System uses the PKM protocol to achieve:

e Transparent exchange of authentication and authorization messages (see 10.6.2)

e Key agreement (See 10.6.3.2)

e  Security material exchange (Seer 10.6.3.2)

PKM protocol provides mutual authentication and establishes shared secret between the AMS and the ABS.
The shared secret is then used to exchange or derive other keying material. This two-tiered mechanism
allows frequent traffic key refreshing without incurring the overhead of computation intensive operations.

10.6.3.1 Key Derivation
All IEEE 802.16m security keys are derived directly / indirectly from the MSK by the ABS and the AMS.

The Pairwise Master Key (PMK) is derived from the MSK and then this PMK is used to derive the
Authorization Key (AK).

The Authorization Key (AK) is used to derive other keys:
e  Transmission Encryption Key (TEK)
e  Cipher-based Message Authentication Code (CMAC) key

After completing (re)authentication process, a key agreement is performed to derive a PMK and an AK,
verify the newly created PMK and AK and exchange other required security parameters.

The PMK is derived by feeding parameters such as MSK, NONCE MS, NONCE BS, etc where
NONCE_MS is a random number generated by the AMS and send to the ABS during key agreement and
NONCE _BS is a random number generated by ABS and send to the AMS during key agreement.

The AK is derived by feeding parameters such as PMK, MSID*,BSID,CMAC _KEY COUNT, etc where
MSID* is a permutation of the AMS MAC address sent by AMS to ABS during key agreement, this is
used to bind the key to the AMS MAC address.

TEK is derived at AMS and ABS by feeding identity parameters into a key derivation function. Parameters
such as AK, Security Association ID (SAID), COUNTER TEK are used.

Counter TEK is a counter used to derive different TEKs for the same SAID, the value of the counter is
changed every time a new TEK need to be derived within the time the same AK is valid. Each SA holds

two TEKs in every given time; these two TEKs will be derived from two consecutive counter values.

The CMAC key is derived locally by using the AK.
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TEK(s) are derived in the following situations:

. Initial authentication

. Re-authentication

. Key update procedure for unicast connection.
. Network re-entry to new ABS.

CMAC keys are derived in the following situations:
- Initial authentication
- Re-authentication
- Network re-entry to new ABS

10.6.3.2 Key Exchange

The key exchange procedure is controlled by the security key state machine, which defines the allowed
operations in the specific states. Security keys such as PMK, AK and CMAC keys are locally derived by
using already shared MSK and some exchanged parameters during key agreement procedure (see Figure
24).

MS BS

Initial or Re-Authentication

[«——  Key agreement MSG#1(NONCE_BS)

Create NONCE_MS
Derive PMK, AK, CMAC keys

I —Key Agreement MSG#2(MSID* NONCE_BS,NONCE_MS)(CMAC)—»

Derive PMK, AK, CMAC keys
CMAC validation

[«——Key agreement MSG#3(NONCE_BS,NONCE_MS)(CMAC)

CMAC validation Derive TEKs
Derive TEKs

Figure 24 : Initial or re-authentication key derivation and exchange

10.6.3.3 Key Usage

Each SA maintains two TEKs (one is for downlink encryption and the other for uplink encryption). The
TEKp g key is used for encrypting DL data by the ABS and the TEKy g key is used for encrypting UL data
by the AMS, the decryption is done according to the EKS (EKS field carries the 2-bit key sequence of
associated TEK).

In transition times where the ABS derived a new TEKy; g and set the TEKp; g=old TEKy g, then the ABS

TEKp g and MS TEKy g are the same TEK with same EKS and both can transfer data securely using the
same TEK (until TEK update happens from the AMS side and the AMS is re-synced on new TEKy;g).
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The TEK update is triggered by either TEKp g or TEKy.g is running out the relevant PN space or by
reauthentication. In particular ABS derives new TEK either when the DL space of TEKp ¢ or the UL PN
space of TEKyg is exhausted. The AMS requests key update when PN space of TEKy;g is exhausted or
the AMS detects that its TEKy, in being used for downlink traffic as well. For re-authentication, after the
key agreement, the AK,y is still valid and only one new TEK is derived by using AK,., and TEKs are
updated right after key agreement. After the AMS is re-sycnced on the new TEK, another new TEK derived
from AK,. is derived and updated.

AMS ABS

Security material exchanged

Key Update during key update

TEK TEK
derivation derivation

Figure 25: Key update procedure

10.6.4 Security Association Management

A security association (SA) is the set of information required for secure communication between ABS and
AMS. SA is identified using an SA identifier (SAID). The SA is applied to the respective flows once an SA
is established.

IEEE 802.16m supports unicast static SA only.

SA is used to provide keying material to unicast transport connections. The SA is applied to all the data
exchanged within the connection. Multiple connections may be mapped to the same unicast SA.

SA is used to provide keying material for unicast management connections. However, SA is not equally
applied to all the management messages within the same management connection. According to the
indicaton in an extended header, the SA is selectively applied to the management connections.

If AMS and ABS decide “No authorization” as their authorization policy, no SAs will be established. In
this case, Null SAID is used as the target SAID field in service flow creation messages. If authorization is
performed but the AMS and ABS decide to create an unprotected service flow, the Null SAID may be used
as the target SAID field in service flow creation messages.

10.6.5  Cryptographic Methods

Cryptographic methods specify the algorithms used in 802.16m for the following functions:
e MAC PDU protection
o Key encryption/decryption

57





2009-09-24 IEEE 802.16m-09/003412

10.6.5.1 Data Encryption Methods

AMS and ABS may support encryption methods and algorithms for secure transmission of MPDUs. AES
algorithm is the only supported cryptographic method in 802.16m. The following AES modes are defined
in 802.16m:

e AES-CCM mode - provides also integrity protection

e AES-CTR mode

10.6.5.1.1 AES in CCM mode
AES-CCM mode is supported for unicast transport and management connections. The PN size is 22 bits.

10.6.5.1.2 AES in CTR mode
AES-CTR mode is supported for unicast transport connections. The PN size is 22 bits.

10.6.5.1.3 Multiplexing and Encryption of MPDUs

When some connections identified by flow ids are mapped to the same SA, their payloads can be
multiplexed together into one MPDU. The multiplexed payloads are encrypted together. For exmaple , in
Figure 26, payloads of Flow x and Flow_y which are mapped to the same SA are encrypted together. The
MAC header or extended headers provides the details of payloads which are multiplexed.

Convergence Sublayer

MSDUs for MSDUs for
FlowID = x FlowID =y
Y \
Plaintext Payload x Plaintext Payload y
%
EKS, PN Ciphertext Payload x \ Ciphertext Payload y ICV
|
;*Lgn-Encrypted><—Encrypted »
Extended \ . | .
Headers EKS, PN Ciphertext Payload x ! Ciphertext Payload y ICV
Un-Encrypted >t Encrypted >

Figure 26: Multiplexed MAC PDU format
10.6.5.2 Control Plane Signaling Protection

10.6.5.2.1 Management Message Protection

IEEE 802.16m supports the selective confidentiality protection over MAC control messages. Through
capability negotiation, AMS and ABS know whether the selective confidentiality protection is applied or
not. If the selective confidentiality protection is activated, the negotiated keying materials and cipher suites
are used to encrypt the management messages.

Figure 27 presents three levels of selective confidentiality protection over management messages in IEEE
802.16m.
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e No protection: If AMS and ABS have no shared security context or protection is not required, then
the management messages are neither encrypted nor authenticated. Management messages before
the authorization phase also fall into this category.

e CMAC based integrity protection--: CMAC Tuple is included to the management message.
CMAC integrity protects the entire MAC control message. Actual management message is plain
text.

e AES-CCM based authenticated encryption-: ICV field is included after encrypted payload and this
ICV integrity protects both payload and MAC header part.

Classificationof | ProtectionLesel

Management
Messages Confidentiality. Integrity No Protection
Inbegrity
Encryption Hash

Encryvption, MAC None
MAC (orICV) (orICV)

Figure 27: Flow of IEEE 802.16m management message protection

10.6.6  AMS Privacy

AMS location privacy support is the process of protecting the mapping between AMS MAC address and
STID so that intruders cannot obtain the mapping information between the AMS MAC address and STID.

In order to protect the mapping between the STID and the AMS MAC Address, two types of STIDs are
assigned to an AMS during network entry - temporary STID (TSTID) and (normal) STID.A TSTID is
assigned during initial ranging process, and is used until the STID is allocated. The STID is assigned during
the registration process after a successful authentication process, and is encrypted during transmission. The
TSTID is released after the STID is securely assigned. The STID is used for all the remaining transactions.

10.7  Convergence Sublayer

IPCS or GPCS is used to transport packet data over the air interface. For GPCS the classification is
assumed to take place on layers above the CS. Relevant information for performing classification are
transparently transported during connection setup or change.

10.8  Network Entry

Network entry is the procedure by which an AMS finds and establishes a connection with the network.
Network entry includes the following steps:

Ranging and UL synchronization

Basic capability negotiation.

Authentication, authorization and key exchange.

Registration with ABS.

Service flow establishment.

Neighbor ABSs search is based on the same downlink signals as initial network search (e.g., A-Preamble)
except some information can be provided by serving ABS (e.g., NBR-ADV). Network re-entry from such
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procedures as handover, idle mode exit and so on, is based on initial network entry procedure with certain
optimization procedures.

Ranging is the process of acquiring the correct timing offset, frequency offset and power adjustments so
that the AMS's transmissions are aligned with the ABS receive frame, and received within the appropriate
reception thresholds.

An AMS that wishes to perform initial ranging takes the following steps:

e The AMS selects one Ranging Slot using the random backoff. After selecting the Ranging Slot,
the AMS chooses a ranging sequence and sends it to the ABS in the selected Ranging Slot.

e The ABS responds with an AAI RNG-ACK message, which provides responses (e.g.. needed
adjustment, ranging status,etc.), to all the successfully received and decoded IR requests in initial
ranging slots in a previous UL subframe, in a predefined, subsequent DL subframe.

e Upon receiving a continue status notification and parameter adjustments, the AMS adjusts its
parameters accordingly and continue the ranging process

e Upon receiving a success status notification, the AMS waits for the ABS to provide UL BW
allocation. When receiving an UL BW allocation, the AMS sends the AAI RNG-REQ message.

e Initial ranging process is over after receiving AAI RNG-RSP message, which includes a
temporary STID to be used until STID is received at successful registration.

Immediately after completion of ranging, the AMS negotiates basic capabilities with ABS, which are
required for AMS authorization/authentication and key exchange.

If PKM is enabled in basic capability negotiation, the ABS and AMS perform authorization and key
exchange. If this procedure completes successfully, all parameters for TEK generation are shared, and
TEKSs are derived at each side of AMS and ABS.

After authorization and key exchange are finished, the AMS informs the ABS of its remaining capabilities
and requests the registration for entry into the network by AAI REG-REQ. If an ABS receives an
AAI REG-REQ, the ABS responds with AAI REG-RSP.

The ABS allocates and transfers a STID to the AMS through an encrypted AAI REG-RSP message if
management message encryption is supported. The temporary STID, which was allocated during initial
ranging procedure, is discarded when the ABS recognizes that the AMS received the AAI REG-RSP
messages successfully. Upon successful registration, service flows are setup for upper layer signalling.

10.9 Connection Management

Connections are identified by the combination of STID and FID. Two types of connections are used —
management connections and transport connections.

Management connections are used to carry MAC control messages. Transport connections are used to carry
user data including upper layer signaling messages such as DHCP, etc and data plane signaling such as
ARQ feedback.

Fragmentation is supported on transport connections. Fragmentation may be supported on unicast
management connections.

10.9.1  Management Connections

Management connections are bi-directional. Default values of FIDs are reserved for unicast management
connections. Management connections are automatically established after a STID is assigned to an AMS
during AMS initial network entry.
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10.9.2  Transport Connections

Transport connection is uni-directional and established with unique FID assigned during service flow
establishment procedure. Each admitted/active service flow is uniquely mapped to a transport connection.

Transport connection is released when the associated service flow is removed. To reduce bandwidth usage,
the ABS and AMS may establish/change/release multiple connections using a single message transaction
on a management connection

Transport connections can be pre-provisioned or dynamically created. Pre-provisioned connections are
those established by system for an AMS during the AMS network entry. On the other hand, ABS or AMS
can create new connections dynamically if required. A connection can be created, changed, or torn down on
demand.

10.9.3  Emergency Service Flows

For handling Emergency Telecommunications Service and E-911, emergency service flows will be given
priority in admission control over the regular service flows.

Default service flow parameters are defined for emergency service flow. The ABS grants resources in
response an emergency service notification from the AMS without going through the complete service flow
setup procedure. The AMS can include an emergency service notification in initial ranging or service flow
setup requests.

If a service provider wants to support National Security/emergency Preparedness (NS/EP) priority services,
the ABS uses its own algorithm as defined by its local country regulation body. For example, in the US the
algorithm to support NS/EP is defined by the FCC in Hard Public Use Reservation by Departure Allocation
(H-PURDA) [28].

10.10 QoS

In order to provide QoS, IEEE 802.16m MAC associates uni-directional flows of packets which have a
specific QoS requirement with a service flow. A service flow is mapped to one transport connection with
one FID. ABS and AMS provide QoS according to the QoS parameter sets, which are pre-defined or
negotiated between the ABS and the AMS during the service flow setup/change procedure. The QoS
parameters can be used to schedule and police the traffic.

10.10.1 Scheduling Services

The scheduling services of the WirelessMAN OFDMA reference system are supported in IEEE 802.16m.
In addition, IEEE 802.16m provides a specific scheduling service to support real time non-periodic
applications such as on-line gaming.

10.10.2 Adaptive Granting and Polling

IEEE 802.16m supports adaptation of service flow QoS parameters. One or more sets of QoS parameters
are defined for one service flow. The AMS and ABS negotiate the supported QoS parameter sets during
service flow setup procedure. When QoS requirement/traffic characteristics for UL traffic changes, the
ABS may autonomously switch the service flow QoS parameters such as grant/polling interval or grant size
based on predefined rules. In addition, the AMS may request the ABS to switch the service flow QoS
parameter set with explicit signaling. The ABS then allocates resource according to the new service flow
parameter set.

10.11 MAC Control

To meet the latency requirements for aspects of network entry, handover, state transition, 802.16m supports
fast and reliable transmission of MAC control messages.

To provide reliable transmission of MAC control messages, all MAC control messages can be fragmented.
HARQ is applied to all unicast MAC control messages. Message timers for retransmission are defined for
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all the unicast MAC control messages. The message timers may be different for different MAC control
messages. If HARQ is applied during the transmission of a MAC control message and if the HARQ process
is terminated with an unsuccessful outcome before the expiration of the message timer, the MAC message
management entity in the transmitter may initiate retransmission of the complete message or the message
fragment of the failed HARQ burst.

When the transmitter polls a message acknowledgement, the receiver responds MAC layer
acknowledgement. For fragmented messages, all fragments of the message must be received before the
MAC layer acknowledgment is sent.

The IEEE 802.16m MAC protocol peers communicate using a set of MAC Control Messages. These
messages are defined using ASN.1 [9][10][11][12]. The ASN.1 descriptions are written in way that
provides future extension of the messages. The Packed Encoding Rules (PER) [13] are used to encode the
messages for transmission over the air.

IEEE 802.16m provides a generic MAC control message at the L2 called L2 _transfer that acts as a generic
service carrier for various standards defined services including, but not limited to: Device provisioning
bootstrap message to AMS, GPS assistance delivery to AMS, ABS(es) geo-location unicast delivery to
AMS, 802.21 MIH transfer, etc.

10.12 MAC PDU Formats

Each MAC PDU contains a MAC header. The MAC PDU may contain payload. The MAC PDU may
contain one or more extended headers.

Multiple MAC SDUs and/or SDU fragments from different unicast connections associated with same SA
and belonging to the same AMS can be multiplexed into a single MAC PDU.

10.12.1 MAC Header Formats

10.12.1.1 Generic MAC Header
The format of the Generic MAC Header is illustrated in Figure 28.

\ \ \ \ \
Flow ID(4) EH(1) Length(3)

| | | | |
Length(8)
| | | | | | |

Figure 28: Generic MAC header format

o FlowlD (Flow Identifier): This field indicates the service flow that is addressed. This field is 4bits
long.

o EH (Extended Header Presence Indicator): When set to ‘17, this field indicates that an Extended
Header is present following this GMH.

e Length: Length of the MAC PDU in bytes, including the GMH and extended header if present.
This field is 11bits long.

10.12.1.2 Compact MAC Header

The compact MAC header is used for connections with persistent allocation and group allocation. The
format of the Compact MAC Header is illustrated Figure 29.

62





2009-09-24 IEEE 802.16m-09/003412

EH Length (7 bits)

Figure 29: Compact MAC header format

e EH (Extended Header Presence Indicator): When set to ‘17, this field indicates that an Extended
Header is present following this header.
e Length (7): Length of the MAC PDU in bytes, including the CMH and extended header if present.

10.12.2 Extended Header
The inclusion of extended header is indicated by EH indicator bit in MAC Header. The EH format
illustrated in Figure 30 will be used unless specified otherwise.
o Last: When the “Last” bit is set, this extended header is the last one. If this bit is not set, another
extended header will follow the current extended header.
e Type: indicates the type of extended header.
e Body Contents: Type-dependent contents.

Last (1) Type (TBD)

Body Contents (variable)

Figure 30 : Extended Header

10.12.2.1 Fragmentation and Packing Extended Header for Transport Connections

The format of the fragmentation and packing extended header for transport connections is illustrated in
Figure 31. This header is used when MAC PDU contains transport connection payload. The location of this
header exists after the last extended header (i.c., extended header with ‘Last’ = ‘1°) if ‘EH’ in GMH set to
‘1’ or after the GMH if ‘EH’ in GMH set to ‘0’.
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\ \
RI
SN (7)
6] | |
AFI | AFP | End
‘SN (3)‘ FC‘(Z) M|
I \ \
Length (8)
| | | | |
\ I \ \ \
Length(3) E(Ill;l Rsvd or Length(4)
\ \ \ \ \
FPEH format if Rl = ‘0’
\ \
RI
SN (7)
6) | |
AFI | AFP | LSI
‘SN (3)‘ FC (2) M|
1 \
SSN (TBD)
| | | | | |
\ \ \ \ \ !
End
Length (7)
ORI —
Length(4) ]i?)d Rsvd or Length(4)
\ \ \ \ \

FPEH format if Rl = 1’

Figure 31 : Fragmentation and extended header format for transport connections

e RI (1 bit): Re-arrangement information indicator

e SN (10 bits): Payload sequence number. SN is maintained per connection. For non ARQ
connections, ‘SN’ represents the MAC PDU Payload Sequence Number and the ‘SN’ value
increments by one (modulo 1024) for each MAC PDU. For ARQ connections, ‘SN’ represents the
ARQ block sequence number.

e FC (2 bits): Fragmentation control bits are defined in Table 2.

e AFI (1 bit): ARQ feedback IE indicator. If this bit is set to ‘0> ARQ feedback IE is not present in
the MAC PDU. If this bit is set to ‘1’ ARQ feedback IE is present in the MAC PDU.

e AFP (1 bit): ARQ feedback poll indicator. If this bit is set to ‘0°, ARQ feedback poll is not present.
If this bit is set to ‘1 ARQ feedback poll is indicated for the connection identified by the GMH.

e LSI (1 bit): Last ARQ sub-block indicator. LSI set to ‘0’ indicates that the last ARQ sub-block
from the single ARQ block is not included in this MAC PDU. LSI set to ‘1’ indicates the last
ARQ sub-block from the single ARQ block is included in this MAC PDU.

e SSN: SUB-SN of the first ARQ sub-block in the payload.

e End (1 bit): If this bit set to ‘0’, another ‘Length’ and ‘End’ field are followed. If this bit set to ‘1°,
reserved bits may follow for byte alignment.

e Length (11bits): This field represents the length of SDU/SDU fragment. If a payload consists of
‘N’ SDU/SDU fragments, N-1 length fields are present in the header.

e Rsvd: Reserved bits for byte alignment.
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FC

Meaning Examples

00

The first byte of data in the MPDU payload is|One or Multiple Full SDUs packed in an MPDU
the first byte of a MAC SDU. The last byte of]
data in the MPDU payload is the last byte of aj
MAC SDU.

01

The first byte of data in the MPDU payload isfa) MPDU with only First fragment of an SDU
the first byte of a MAC SDU. The last byte oflp) MPDU with one or more unfragmented

data in the MPDU payload is not the last byte] SDUs, followed by first fragment of subsequent
ofa MAC SDU. SDU

10

The first byte of data in the MPDU payload isfa) MPDU with only Last fragment of an SDU
not the first byte of a MAC SDU. The last byte]b) MPDU with Last fragment of an SDU,

of data in the MPDU payload is the last byte offfollowed by one or more unfragmented

a MAC SDU. subsequent SDUs

11

The first byte of data in the MPDU payload isfa) MPDU with only middle fragment of an SDU
not the first byte of a MAC SDU. The last byte]b) MPDU with Last fragment of an SDU, followed
of data in the MPDU payload is not the lasf by zero or more unfragmented SDUs, followed by
byte of a MAC SDU. first fragment of a subsequent SDU

Table 2: Fragmentation control information

10.12.2.2 Fragmentation Extended Header for Management Connections

The format of the fragmentation extended header for management connections is illustrated in Figure 32.
This header is used when MAC PDU contains a management message payload.

EC | sNI ! ' Resérved ! !
() | () o, ®

FEH format if SNI=0

EC | SNI | Pall FC SN

(M | @ | 2) 3)
SN Reserved
() 3)

FEH format if SNI =1
Figure 32 : Fragmentation extended header format for management connections

EC (1 bit): Encryption Control indicator. If this bit is set to ‘0’, the management connection
payload in the MAC PDU is not encrypted. If this bit is set to ‘1°, the management connection
payload in the MAC PDU is encrypted.

SNI (1 bit): If this bit is set to ‘0’ SN, FC and Poll fields does not follow SNI field. If this bit is set
to ‘1’ SN, FC and Poll fields does not follows the SNI field.

Poll (1 bit): If this bit is set to ‘1°, acknowledgement is required for the MAC management
message carried in the MAC PDU. If this bit is set to ‘0’, no acknowledgement is required for the
MAC management message carried in the MAC PDU.
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e FC (2 bits): Fragmentation control bits are defined in Table 2.
e SN (8 bits): Payload sequence number
e Rsvd: Reserved bits for byte alignment.

10.12.2.3 Multiplexing Extended Header (MEH)

The format of MEH is illustrated in Figure 33. The MEH is used when the payloads from multiple
connections are multiplexed in the same MAC PDU. The GMH carries the Flow ID corresponding to the
payload of the first connection. The MEH carries the Flow IDs corresponding to the remaining connections.
Figure 34 illustrates the usage of the FPEH/FEH together with the MEH in a MAC PDU.

\ \ \ \ \
Type (TBD) N _FIB (3)
| | | | |

Last
(1)

N _FIB
ey

(N_FIB) * Flow Informtaion Block

Figure 33 : Format of the Multiplexing Extended Header

e Last (1 bit): If this bit is set to ‘0’ another extended header follows the MEH. If this bit is set to ‘1’
another extended header does not follow the MEH.

e Type: MEH Type

e Num Flows (4 bits): Number of flow information blocks present in the MEH. If ‘n’ connections
are multiplexed, ‘n-1’ flow information blocks are present.

e FIB (15 bits): Flow Information block. Each flow information block consists of 4 bit Flow ID and
11 bit Length field. The Flow ID in the ‘i’th FIB indicates the Flow ID of the ‘i+1°th connection.
The length field in the ‘i’th FIB indicates the length of the payload of the ‘i+1°th connection. The
length of the payload of the first connection is given by “MAC PDU payload length — sum of ‘n-1’
Length fields”.
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Other EHs Connection
GMH | = ony) | FPERFEH | =5 e
(a) MAC PDU with one connection
payload
I I I I
FlowID (4) = x EH Length (3) * FPEH is present if the flow X’
(1) corresponds to a transport connection.
i i I i i FEH is present if the flow
Length (8) corresponds to a management
! ‘ ! connection
B = Connection | Connection
GMH | MEH Oﬂ.}er EHs ';FI;EHH)EC/ FEEEV / Payload Payload
(if any) X y FlowlD=x | FlowlD=y
Last \ \ \ \ —
1) Type = MEH N _FIB (3)
| ‘ | | } (b) MAC PDU with multiple
NZ]F)IB Pl () = 5 Lo ) connections payload
| | | | |
Length (8)
| | |

Figure 34: Usage of the FPEH/FEH and MEH in a MAC PDU

10.13 Multi-Radio Coexistence

AMS conducts pre-negotiated periodic absences from the serving ABS to support concurrent operation of
co-located non 802.16 radios, e.g. IEEE 802.11, IEEE 802.15.1, etc., and the time pattern of such periodic
absence is referred by ABS and AMS as CLC class.

The following parameters are defined to support CLC class operation:

. CLC start time: the start time of a CLC class

. CLC active interval: the time duration of a CLC class designated for co-located non 802.16 radio
activities.

. CLC active cycle: the time interval of the active pattern of a CLC class repeating

. CLC active ratio: the time ratio of CLC active intervals to CLC active cycle of a CLC class

. number of active CLC classes: the number of active CLC classes of the same type of an AMS

802.16m supports three types of CLC classes, and they differ from each other in terms of the time unit of
CLC start time, active cycle and active interval, as shown in Table 3.

Type I CLC class is recommended for non 802.16 radio activity that is low duty cycle, and may not align
with 802.16 frame boundary. Otherwise, Type II CLC class is recommended for better scheduling
flexibility. Type III CLC class is recommended for continuous non-802.16 radio activity that lasts seconds,
and has only one cycle.
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CLC active cycle CLC active interval CLC start time
Typel Microsecond Subframe Subframe
Type 11 Frame Subframe Frame
Type 11 not applicable Superframe superframe

Table 3: Time Unit of CLC Class Parameters

AMS determines CLC active interval and cycle based on the activities of its co-located non 802.16 radios.
AMS determines CLC start time only for Type I CLC class, and the ABS determines CLC start time for
Type I and III CLC class for better scheduling flexibility.

The serving ABS does not schedule A-MAP, data, and HARQ feedback of the AMS’s allocations in CLC
active interval of an active CLC class. Whether only DL or only UL or both are prohibited depends on the
configuration of the CLC class. The default is both DL and UL allocations are prohibited.

11 Physical Layer

11.1  Duplex Modes

IEEE 802.16m supports TDD and FDD duplex modes, including H-FDD AMS operation, in accordance
with the IEEE 802.16m System Requirements Document [7]. Unless otherwise specified, the frame
structure attributes and baseband processing are common for all duplex modes.

11.2 Downlink and Uplink Multiple Access Schemes
IEEE 802.16m employs OFDMA as the multiple access scheme in the downlink and uplink.

11.3 OFDMA Parameters
The OFDMA parameters for IEEE 802.16m are specified in Table 4.
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Nominal channel  bandwidth
(MH2) 5 7 8.75 10 20
Sampling factor 28/25 8/7 8/7 28/25 28/25
Sampling frequncy (MHz) 5.6 8 10 11.2 22.4
FFT size 512 1024 1024 1024 2048
Sub-carrier spacing (kHz) 10.937500 | 7.812500 | 9.765625 | 10.937500 | 10.937500
Useful symbol time T, (us) 91.429 128 102.4 91.429 91.429
Symbol time T; (Us) 102.857 144 115.2 102.857 102.857
Number of
OFDM 48 34 43 48 48
FDD | symbols per
5ms frame
CP Idle time (us) 62.857 104 46.40 62.857 62.857
T8 Ty Number of
OFDM 47 33 42 47 47
TDD symbols per
5ms frame
;L-Z)G + RTG 165.714 248 161.6 165.714 165.714
Symbol time T, (us) 97.143 136 108.8 97.143 97.143
Number of
OFDM 51 36 45 51 51
FDD | symbols per
cp 5ms frame
Idle time (us) 45.71 104 104 45.71 45.71
T4=1/16
T, Number of
OFDM 50 35 44 50 50
DD symbols per
5ms frame
TTG + RTG
(us) 142.853 240 212.8 142.853 142.853
Symbol Time T; (us) 114.286 160 128 114.286 114.286
Number of
OFDM
FDD | symbols per 3 31 39 3 3
5ms frame
CP Idle time (us) 85.694 40 8 85.694 85.694
T=1/4 T, Number of
OFDM 42 30 37 42 42
oD symbols per
5ms frame
;I;;Z)G + RTG 199.98 200 264 199.98 199.98

Table 4: OFDMA parameters for IEEE 802.16m

69






2009-09-24 IEEE 802.16m-09/003412

Tone dropping at both edges of the frequency band based on 10 and 20 MHz systems can be used to
support other bandwidths.

11.4  Frame Structure

11.4.1 Basic Frame Structure

The IEEE 802.16m basic frame structure is illustrated in Figure 35. Each 20 ms superframe is divided into
four equally-sized 5 ms radio frames and begins with the superframe header (SFH). When using the same
OFDMA parameters as in Table 4 with the channel bandwidth of 5 MHz, 10 MHz, or 20 MHz, each 5 ms
radio frame further consists of eight subframes for CP sizes of 1/8 and 1/16. With the channel bandwidth of
8.75 and 7 MHz, each 5 ms radio frame further consists of seven and six subframes, respectively for CP
sizes of 1/8 and 1/16.

A subframe is assigned for either DL or UL transmission. There are four types of subframes: 1) the type-1
subframe which consists of six OFDMA symbols, 2) the type-2 subframe which consists of seven OFDMA
symbols, and 3) the type-3 subframe which consists of five OFDMA symbols, and 4) the type-4 subframe
which consists of nine OFDMA symbols. This type is applied only to UL subframe for the 8.75SMHz
channel bandwidth when supporting the IEEE Std 802.16-2009 frames.

The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD AMS
operation. The number of switching points in each radio frame in TDD systems is two, where a switching
point is defined as a change of directionality, i.e., from DL to UL or from UL to DL.

When H-FDD AMSs are included in an FDD system, the frame structure from the point of view of the H-
FDD AMS is similar to the TDD frame structure; however, the DL and UL transmissions occur in two
separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow
switching the TX and RX circuitry.

A data burst occupies either one subframe (i.e. the default TTI transmission) or multiple contiguous
subframes (i.e. the long TTI transmission). The long TTI in FDD is equal to 4 subframes for both DL and
UL. The long TTI in TDD is equal to the all the DL (UL) subframes in the DL (UL) in a frame.

Superframe : 20 ms

- Frame : 5 ms ~

Subframe

R
SFO SF1 SF2 SF3 SF4 SF5 SF6 SF7 Superframe Header

/ OFDM Symbol

/ | \

Figure 35: Basic frame structure for 5, 10, and 20 MHz channel bandwidths

11.4.1.1 Frame Structure for CP=1/8 T,

For nominal channel bandwidths of 5, 10, and 20 MHz, an IEEE 802.16m frame for a CP of 1/8 Tu has
eight type-1 subframes for FDD, and seven type-1 subframes and one type-3 subframe for TDD.
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Figure 36 provides an example of the TDD and FDD frame structure for 5, 10, and 20 MHz channel
bandwidth with a CP of 1/8 Tu. With OFDM symbol duration of 102.857 pus and a CP length of 1/8 Tu, the
length of type-1 and type-3 subframes are 0.617 ms and 0.514 ms, respectively. TTG and RTG are 105.714
us and 60 ps, respectively. Other numerologies may result in different number of subframes per frame and
symbols within the subframes.

In FDD, the structure of a frame (number of subframes, their types etc.) has to be identical for the DL and
UL for each specific frame.

TDD Frame : 5 ms

DL DL DL DL DL UL UL UL
SFO (6) SF1 (6) SF2 (6) SF3 (6) SF4 (5) SF5 (6) SF6 (6) SF7 (6)
// \ I TTG—»|\ —
\ [
/ \ I \
6 OFDM symbol = 0.617 ms 5 OFDM symbol = 0.514 ms
) 102857 | 1028571 |
—» e —» |e—
w|lu|lalunle|n a|lu|lulun|x
Ol=IN|W|A]|O S|=IN|L |~
'i'ype-1 Subframe ,’ Type-3 Subframe
\ ]
\ ]
\ I
\ I
\ I
\ ]
\ | —>|
DL/UL OL/UL OL/UL OL/UL OL/UL OL/UL OL/UL OL/UL
SFO (6) SF1 (6) SF2 (6) SF3 (6) SF4 (6) SF5 (6) SF6 (6) SF7 (6)

A

FDD Frame : 5 ms

Figure 36: TDD and FDD Frame Structure with a CP of 1/8 T, (DL to UL ratio of 5:3)

11.4.1.2 Frame Structure for CP=1/16 T,
For nominal channel bandwidths of 5, 10, and 20 MHz, an IEEE 802.16m frame for a CP of 1/16 T, has

five type-1 subframes and three type-2 subframes for FDD, and six type-1 subframes and two type-2
subframes for TDD. The subframe preceding a DL to UL switching point is a type-1 subframe.

Figure 37 provides an example of the TDD and FDD frame structure for 5, 10, and 20 MHz channel
bandwidths with a CP of 1/16 Tu. With an OFDM symbol duration of 97.143 pus and a CP length of 1/16 T,
the length of type-1 and type-2 subframes are 0.583 ms and 0.680 ms, respectively. TTG and RTG are
82.853 ps and 60 us, respectively. Other numerologies may result in different number of subframes per
frame and symbols within the subframes.
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TDD Frame : 5 ms |
DL DL DL DL DL UL UL UL
SFO0 (6) SF1 (7) SF2 (6) SF3 (6) SF4 (6) SF5 (6) SF6 (6) SF7 (7)
. —
// \\ TTG s // RTG
A/ \ // //
6 OFDM symbol = 0.583 ms 7 OFDM symbol = 0.680 ms
/’ 97.143 us \ /// 97.143 15 /
—»  |e— —»  |e—
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: \
\\ I’ \\\ \
\ | \
\ ] AN \
\ ! N \ Idle
\ | \ \
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\ 4

>
)

FDD Frame : 5 ms |

Figure 37: TDD and FDD frame structure with a CP of 1/16 T, (DL to UL ratio of 5:3)

In FDD, the structure of a frame (number of subframes, their types etc.) has to be identical for the DL and

UL for each specific frame.

1142

Frame Structure Supporting Legacy Frames

The legacy and IEEE 802.16m frames are offset by an integer number of subframes to accommodate new
features such as the IEEE 802.16m Advanced Preamble (preamble), Superframe Header (system
configuration information), and control channels, as shown in Figure 38. The FRAME_ OFFSET shown in
Figure 38 is for illustration. It is an offset between the start of the legacy frame and the start of the IEEE

802.16m frame defined in a unit of subframes.

For UL transmissions both TDM and FDM approaches are supported for multiplexing of R1 MSs and

AMSs.
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Legacy Radio Frame from the point of view of R1 BS/ R1 MS

DL ” DL /

|
New Radio;Frame from the point of view of ABS/ AMS
'

: :
1 >

! DL DL DL DL i ' DL DL DL DL DL DL DL
: ; A

i 1 v '

A
A\ 4
A
v

T v
IEEE 802.16m Duration (Ty) New Frame Duration (Ty)

T
A

' Legacy Frame Durationi (Ty)
> e ! é

FRAME OFFSET (Toftset)
Figure 38: Relative position of the IEEE 802.16m and IEEE Std 802.16-2009 radio frames (example TDD
duplex mode)

11.4.2.1 The Concept of Time Zones

The time zone is defined as an integer number (greater than 0) of consecutive subframes. The concept of
time zones is equally applied to TDD and FDD systems. The MZones and LZones are time-multiplexed
(TDM) across time domain for the downlink. For UL transmissions both TDM and FDM approaches are
supported for multiplexing of R1 MSs and AMSs. Note that DL/UL traffic for the AMS can be scheduled in
either zone according to the mode (IEEE 802.16m or legacy IEEE Std 802.16-2009) with which AMS is
connected to the ABS, but not in both zones at the same time, whereas the DL/UL traffic for the R1 MS can
only be scheduled in the LZones.

In the absence of any IEEE Std 802.16-2009 system, the LZones will disappear and the entire frame will be
allocated to the MZones and thereby new systems.

11.4.2.1.1 Time Zones in TDD

In a mixed deployment of R1 MSs and new AMSs, the allocation of time zones in the TDD mode is as
shown in Figure 39. The duration of the zones may vary. Every frame starts with a preamble and the MAP
followed by IEEE Std 802.16-2009 DL zone since R1 MSs/relays expect LZones in this region. Similarly,
in a mixed deployment of R1 MSs and new AMSs, the UL portion starts with IEEE Std 802.16-2009 UL
zone since R1 BS /R1 MS/RS expect IEEE Std 802.16-2009 UL control information be sent in this region.
Here the coexistence is defined as a deployment where R1 BSs and ABSs co-exist on the same frequency
band and in the same or neighboring geographical areas. In a green-field deployment where no R1 MS
exists, the LZones can be removed.

The DL to UL and UL to DL switching points should be synchronized across network to reduce inter-cell
interference.

The switching points would require use of idle symbols to accommodate the gaps. In case of TDD
operation with the generic frame structure, the last symbol in the slot immediately preceding a downlink-to-
uplink/uplink-to-downlink switching point may be reserved for guard time and consequently not
transmitted.
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UL LZone UL MZone Switching Point

SF
#0
DL

#1 #2 #3 #4 #5 #6 #7 #0 #1 #2 #3 #4 #5 #6 #7 #0 #1 #2 #3 #4 #5 #6 #7

SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF SF
DL DL DL DL UL UL UL DL DL DL DL DL UL UL UL DL DL DL DL DL UL UL UL

A

5 ms Radio Frame

Figure 39: Example of time zones in TDD mode

11.4.2.1.2 Time Zones in FDD

In a mixed deployment of legacy terminals and new AMSs, an example of the allocation of time zones in
the FDD mode is shown in Figure 40.

Lagacy DL 2one Main DL Zone Idie Tirn=

¢
,

oL SFO | =F1 | F& | F3 | =F4 | =F5 | =Fa | 5F

5FQ | 5F1 | SFE | 5F3 | oFd | SF5 | =F6 | SFT@ SF0 | SF1 | SF& | F3 | SF4 | =F5 | =Fa | SFT

-+ L

5 ms Radls Frame

Legecy UL 2one Jdb= Time

=F2 | =F3 | =F4 | =FE | TFa | 5F ZF0 | =F1 | =F2 | =F2 | TF4 =Fs | =F ZFd | =F1 ZFZ | =F3 | 5F4 | =F5 | °F5 | =FT

UL = | =F1 =5

Figure 40: Example of time zones in FDD mode

11.4.3  Relay Support in Frame Structure
An ABS that supports ARSs communicates with the ARS in the MZone. The access link and the relay link
communications in the LZone is multiplexed in accordance with the IEEE Std 802.16j specifications.

An RS radio frame may also define points where the RS switches from receive mode to transmit mode or
from transmit mode to receive mode, where the receiving and transmitting operations are both performed
on either DL or UL data. An ARS communicates with the R1 MS in the LZone.
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The start of the LZone and MZone of the ABS and all the subordinate RSs/ARSs associated with the ABS

IEEE 802.16m-09/003412

are time aligned. The duration of the LZone of the ABS and the RS may be different.
e IEEE Std 802.16-2009 Access Zone

0 where an ABS, an RS or an ARS communicates with an R1 MS.

e IEEE Std 802.16j-2009 Relay Zone

0 where ABS communicates with a RS.

The relay frame structure is illustrated in Figure 41.
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Figure 41: Relay frame structure

Definitions related to Figure 41:

e IEEE 802.16m DL Access Zone: An integer multiple of subframes located in the MZone of the
ABS frame, where an ABS can transmit to the AMSs.

e [EEE 802.16m UL Access Zone: An integer multiple of subframes located in the MZone of the
ABS frame, where an ABS can receive from the AMSs.

e DL Access Zone: An integer multiple of subframes located in the Mzone of the DL of the ABS
frame or ARS frame, where a ABS or an ARS can transmit to the AMSs. A-PREAMBLE and SFH
as well as unicast transmissions may be performed in this zone.

e UL Access Zone: An integer multiple of subframes located in the Mzone of the UL of the ABS
frame, where an ABS can receive from the AMSs.
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e DL Transmit Zone: An integer multiple of subframes located in the MZone of the DL of the ABS
frame or ARS frame, where an ABS or ARS can transmit to subordinate ARSs and the AMSs.

e DL Receive Zone: An integer multiple of subframes located in the MZone of the DL of the ARS
frame, where a ARS can receive from its superordinate station.

e UL Transmit Zone: An integer multiple of subframes located in the MZone of the UL of the ARS
frame, where a ARS can transmit to its superordinate station.

e UL Receive Zone: An integer multiple of subframes located in the MZone of the UL of the ABS
frame or ARS frame, where an ABS or ARS can receive from its subordinate ARSs and the AMSs.

e Network Coding Transmit Zone: An integer multiple of subframes located in the DL of the frame
of the Odd Hop ARS which is directly attached to the ABS, where an Odd Hop ARS can transmit
network coded transmissions to the ABS and Even Hop ARS. The transmissions to the AMS in
this zone are being studied.

e Network Coding Receive Zone: An integer multiple of subframes located in the DL of the ABS or
Even Hop ARS frame, where an ABS or Even Hop ARS can receive network coded transmissions
from the ARS directly attached to the ABS.

If the ABS supports network coding, the presence of the aforementioned zones is determined by the ABS
depending on the number of hops and the ARS capabilities. The Network Coding Transmit Zone may be
present in an ARS frame if the ARS supports network coding. If the Network Coding Transmit Zone is
present, it appears only in the frame of an ARS which is directly attached to the ABS. The Network Coding
Receive Zone may be present only in the frames of the ABS and the even hop ARS that is two hops away
from the ABS, if the ARS and the ABS support network coding.

11.4.4  Coexistence Support in Frame Structure

IEEE 802.16m downlink radio frame is time aligned with reference timing signal as defined in Section 19.1
and should support symbol puncturing to minimize the inter-system interference.

11.4.41 Adjacent Channel Coexistence with E-UTRA (LTE-TDD)

Coexistence between IEEE 802.16m and E-UTRA in TDD mode may be facilitated by inserting either idle
symbols within the IEEE 802.16m frame or idle subframes, for certain E-UTRA TDD configurations. An
operator configurable delay or offset between the beginning of an IEEE 802.16m frame and an E-UTRA
TDD frame can be applied in some configurations to minimize the time allocated to idle symbols or idle
subframes. Figure 42 shows two examples using frame offset to support coexistence with E-UTRA TDD in
order to support minimization of the number of punctured symbols within the IEEE 802.16m frame.
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Figure 42: Alignment of IEEE 802.16m frame and E-UTRA frame in TDD mode

11.4.4.2 Adjacent Channel Coexistence with UTRA LCR-TDD (TD-SCDMA)

Coexistence between IEEE 802.16m and UTRA LCR-TDD may be facilitated by inserting either idle
symbols within the IEEE 802.16m frame or idle subframes. An operator configurable delay or offset
between the beginning of an IEEE 802.16m frame and an UTRA LCR-TDD frame can be applied in some
configurations to minimize the time allocated to idle symbols or idle subframes. Figure 43 demonstrates
how coexistence between IEEE 802.16m and UTRA LCR-TDD can be achieved to minimize the inter-
system interference.
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DL symbol puncturing /

Figure 43: Alignment of IEEE 802.16m frame with UTRA LCR-TDD frame in TDD mode
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11.5 Downlink Physical Structure

Each downlink subframe is divided into four or fewer frequency partitions, where each partition consists of
a set of physical resource units across the total number of OFDMA symbols available in the subframe. Each
frequency partition can include contiguous (localized) and/or non-contiguous (distributed) physical
resource units. Each frequency partition can be used for different purposes such as fractional frequency
reuse (FFR) or multicast and broadcast services (MBS). The example in Figure 44 illustrates the downlink
physical structure with two frequency partitions. In the example shown, frequency partition 2 includes both
localized and distributed resource allocations and Sc stands for subcarrier.

Figure 44: Example of the downlink physical structure

1151  Physical and Logical Resource Unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises P
consecutive subcarriers by Ngm consecutive OFDMA symbols. Py is 18 subcarriers and Ny is 6, 7, and 5
OFDMA symbols for type-1, type-2, and type-3 subframes, respectively. A logical resource unit (LRU) is
the basic logical unit for localized and distributed resource allocations. An LRU comprises P © Ngym
subcarriers and includes the pilots that are used in a PRU.

11.5.1.1 Distributed Resource Unit

The distributed resource unit (DRU) can be used to achieve frequency diversity gain. The DRU contains a
group of subcarriers which are spread across the distributed resources within a frequency partition. The size
of the DRU equals the size of the PRU, i.e., P subcarriers by Ngym OFDMA symbols. The minimum unit
for forming the DRU is equal to one subcarrier or a pair of subcarriers, called a tone-pair.

11.5.1.2 Contiguous Resource Unit

The localized resource unit, also known as contiguous resource unit (CRU) can be used to achieve
frequency-selective scheduling gain. The CRU contains a group of subcarriers which are contiguous across
the localized resource allocations within a frequency partition. The size of the CRU equals the size of the
PRU, i.e., Py subcarriers by Ngym OFDMA symbols.

11.5.2  Subchannelization and Resource Mapping

11.5.2.1 Basic Symbol Structure

The subcarriers of an OFDMA symbol are partitioned into Nger left guard subcarriers, N rign: right guard
subcarriers, and Nyq used subcarriers. The DC subcarrier is not loaded. The Nysq subcarriers are divided
into PRUs. Each PRU contains pilot and data subcarriers. The number of used pilot and data subcarriers
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depends on the MIMO mode, rank and number of multiplexed AMS as well as the type of the subframe,
i.e., type-1, type-2, or type-3.

11.5.2.2 Downlink Resource Unit Mapping

The PRUs are first subdivided into subbands and minibands where a subband comprises N; adjacent PRUs
and a miniband comprises N, adjacent PRUs, where N; =4 and N, =1. Subbands are suitable for frequency
selective allocations as they provide a contiguous allocation of PRUs in frequency. Minibands are suitable
for frequency diverse allocation and are permuted in frequency.

The downlink subcarrier to resource unit mapping process is defined as follows and illustrated in the Figure
45:

1. An outer permutation is applied to the PRUs in the units of N; and N, PRUs, where N; =4 and N,
=1. Direct mapping of outer permutation can be supported only for CRUs.

2. The reordered PRUs are distributed into frequency partitions.

3. The frequency partition is divided into localized and/or distributed resource allocations. The sizes
of the distributed/localized groups are flexibly configured per sector. Adjacent sectors do not need
to have same configuration for the localized and distributed groups.

4. The localized and distributed resource units are further mapped into LRUs by direct mapping for
CRUs and by “subcarrier permutation” for DRUs.
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Figure 45: Illustration of the downlink resource unit mapping

11.5.2.3 Subchannelization for Downlink Distributed Resource Allocation

The subcarrier permutation defined for the downlink distributed resource allocations spreads the subcarriers
of the DRU across all the distributed resource allocations within a frequency partition. After mapping all
pilots, the remaining used subcarriers are used to define the DRUs. To allocate the LRUs, the remaining
subcarriers are paired into contiguous subcarrier-pairs. Each LRU consists of a group of subcarrier-pairs.
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Suppose that there are Nry DRUs. A permutation sequence, P for the distributed group is provided and the
subchannelization for downlink—distributed resource allocations is performed using the following
procedure:
For every k™ OFDMA symbol in the subframe
1. Let ng denote the number of pilot tones in the k" OFDMA symbol within a PRU. Allocate the n,
pilots in the k™ OFDMA symbol within each PRU;
2. Let Ngy denote the number of DRUs within the frequency partition. Renumber the remaining Ngy -
(P - ny) data subcarriers of the DRUs in order, from 0 to Ngy (P - Ny)-1 subcarriers.
3. Group these contiguous and logically renumbered subcarriers into Ngy - (Pg. - Ny )/2 pairs and
renumber them from 0 to Ngy - (P - N)/2-1.
4. Apply the subcarrier permutation formula with the permutation sequence P or data subcarrier-pairs.
5. Map each set of logically contiguous (P - n) subcarriers into distributed LRUs (i.e. subchannels)
and form a total of Ny distributed LRUs (DLRU).

11.5.2.4 Subchannelization for Downlink Localized Resource

There is no subcarrier permutation defined for the downlink localized resource allocations. The CRUs are
directly mapped to the subband and miniband LRUs within each frequency partition.

11.5.3  Pilot Structure

The transmission of pilot subcarriers in the downlink is necessary for enabling channel estimation,
measurements of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize
the system performance in different propagation environments and applications, IEEE 802.16m supports
both common and dedicated pilot structures. The categorization of common and dedicated pilots is done
with respect to their usage. Common pilots can be used by all AMSs. Dedicated pilots can be used with
both localized and distributed allocations. The dedicated pilots are associated with a specific resource
allocation, and can be only used by the AMSs to which the specified resource is allocated. Therefore the
dedicated pilots can be precoded or beamformed in the same way as the data subcarriers of the specified
resource. The pilot structure is defined for up to eight transmission (Tx) streams and there is a unified pilot
pattern design for common and dedicated pilots. There is equal pilot density per Tx stream, while there is
not necessarily equal pilot density per OFDMA symol of the downlink subframe. Further, within the same
subframe there is equal number of pilots for each PRU of a data burst assigned to one AMS.
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11.5.3.1 Pilot Patterns
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Figure 46: Pilot patterns used for one and two DL data streams.

Pilot patterns are specified within a PRU. Base pilot patterns used for one and two DL data streams in
dedicated and common pilot scenarios are shown in Figure 46 with the sub-carrier index increasing from
top to bottom and the OFDMA symbol index increasing from left to right. The numbers on the pilot
locations indicate the stream that they correspond to.

The pilot pattern of the type-3 subframe is obtained by deleting the last OFDMA symbol of the type-1
subframe. The pilot pattern of the type-2 subframe is obtained by adding the first OFDMA symbol of the
type-1 subframe to the end of the type-1 subframe.

Interlaced pilot patterns are generated by cyclic shifting the base pilot pattern and are used by different
ABSs for one and two Tx streams. The interlaced pilot patterns for one and two Tx streams are shown in
Figure 47 and Figure 48, respectively. Each ABS chooses one of the three pilot pattern sets (Pilot #0, Pilot
#1 and Pilot #2) shown in Figure 47 and Figure 48. The index of the pilot pattern set px used by a particular
ABS with Cell_ID =Kk is determined according to equation (1)
Py =mod(k,3) (1)
The pilot pattern in Figure 49 is used for 3 and 4 data streams DL dedicated and common pilots. Rank-1
precoding may use two stream pilots.
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Figure 47: Interlaced pilot patterns for one pilot stream
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Figure 48: Interlaced pilot patterns for two pilot streams
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Figure 49: Pilot Pattern for four stream pilots, P, denotes pilot for stream k.

The pilot pattern of the type-3 subframe is obtained by deleting the third OFDMA symbol of the type-1
subframe. The pilot pattern of the type-2 subframe is obtained by adding the third OFDMA symbol of the
type-1 subframe to the end of the type-1 subframe.

The pilot patterns for eight Tx streams are shown in with the subcarrier index increasing from top to bottom
and the OFDMA symbol index increasing from left to right. Subfigure (a) in Figure 50 shows the pilot
pattern for eight Tx streams in subframe with six OFDMA symbols; Subfigure (b) in Figure 50 shows the
pilot pattern for eight Tx streams in subframe with five OFDMA symbols; Subfigure (c) in Figure 50 shows
the pilot pattern for eight Tx streams in subframe with seven OFDMA symbols.
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11.5.3.2 E-MBS Zone Specific Pilot for MBSFN

E-MBS zone specific pilots are transmitted for multi-cell multicast broadcast single frequency network
(MBSEFEN) transmissions. An E-MBS zone is a group of ABSs involved in an SFN transmission. The E-
MBS zone specific pilots that are common inside one E-MBS zone but different between neighboring E-
MBS zones are configured. Synchronous transmissions of the same contents with common pilot from
multiple ABS in one MBS zone would result in correct MBSFN channel estimation.

The E-MBS zone specific pilots depend on the maximum number of Tx streams within the E-MBS zone.
Pilot structures/patterns should be supported up to two Tx streams. The definitions of the E-MBS zone
specific pilots are being studied.

11.5.3.3 MIMO Midamble

MIMO midamble is used for PMI selection in closed loop MIMO. For open-loop MIMO, midamble can be
used to calculate CQI. The midamble signal occupies one OFDMA symbol in a downlink sub-frame.

11.6  Uplink Physical Structure

Each UL subframe is divided into four or fewer frequency partitions, where each partition consists of a set
of physical resource units across the total number of OFDMA symbols available in the subframe. Each
frequency partition can include contiguous (localized) and/or non-contiguous (distributed) physical
resource units. Each frequency partition can be used for different purposes such as fractional frequency
reuse (FFR). The example in Figure 51 illustrates the uplink physical structure with two frequency
partitions. In the example shown, frequency partition 2 includes both localized and distributed resource
allocations and Sc stands for subcarrier.

Figure 51: Example of uplink physical structure

11.6.1  Physical and Logical Resource Unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Py
consecutive subcarriers by Ngym consecutive OFDMA symbols. Py is 18 subcarriers and Ny is 6, 7 and 5
OFDMA symbols for type-1, type-2, and type-3 subframes respectively. A logical resource unit (LRU) is
the basic logical unit for distributed and localized resource allocations and its size is Py - Ngym subcarriers
for data transmission. The effective number of data subcarriers in an LRU depends on the number of
allocated pilots and control channel presence.
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11.6.1.1 Distributed Resource unit

The distributed resource unit (DRU) can be used to achieve frequency diversity gain. The DRU contains a
group of subcarriers which are spread across distributed resource allocations within a frequency partition.
The size of the DRU equals the size of the PRU, i.e., Py subcarriers by Ngm OFDMA symbols. The
minimum unit for forming the DRU is a tile. The uplink tile size is 6 - Ngyn. An 18x2 tile size for UL
transmit power optimized distributed groups and other tile sizes are being studied. Details of the UL
transmit power optimized distributed allocation are being studied.

11.6.1.2 Contiguous Resource unit

The localized resource unit, also known as contiguous resource unit (CRU) can be used to achieve
frequency-selective scheduling gain. The CRU contains a group of subcarriers which are contiguous across
the localized resource allocations. The size of the CRU equals the size of the PRU, i.e., Py subcarriers by
Ngym OFDMA symbols.

11.6.2  Subchannelization and Resource Mapping

11.6.2.1 Basic Symbol Structure

The subcarriers of an OFDMA symbol are partitioned into Ny left guard subcarriers, Ny rign: right guard
subcarriers, and Nyq used subcarriers. The DC subcarrier is not loaded. The Nysq subcarriers are divided
into PRUs. Each PRU contains pilot and data subcarriers. The number of used pilot and data subcarriers
depends on MIMO mode, rank and number of multiplexed AMS and the type of resource allocation, i.c.,
distributed or localized resource allocations as well as the type of the subframe, i.c., type-1, type-2 or type-
3.

11.6.2.2 Uplink Subcarrier to Resource Unit Mapping

The PRUs are first subdivided into subbands and minibands, where a subband comprises N; adjacent PRUs
and a miniband comprises N, adjacent PRUs, where N; =4 and N, =1. Subbands are suitable for frequency
selective allocations as they provide a contiguous allocation of PRUs in frequency. Minibands are suitable
for frequency diverse allocation and are permuted in frequency.

The main features of resource mapping include:
1. Support of CRUs and DRUs in an FDM manner.
2. DRUs comprising multiple tiles which are spread across the distributed resource allocations to
obtain frequency diversity gain.

FFR may be applied in the uplink.

Based on the main design concepts above, the uplink resource unit mapping process is illustrated in Figure
52 and defined as follows:

1. An outer permutation is applied to the PRUs in the units of N; and N, PRUs. Direct mapping of
outer permutation can be supported only for CRUs.

2. The reordered PRUs are distributed into frequency partitions.

3. A frequency partition is divided into localized and/or distributed resource allocations. Sector
specific permutation can be supported; direct mapping of the resources can be supported for
localized resource. The sizes of the distributed/localized groups are flexibly configured per sector.
Adjacent sectors do not need to have same configuration of localized and diversity resources.

4. The subcarriers in the localized and distributed resource allocations are further mapped into LRUs
by direct mapping for CRUs and by tile-permutation for DRUs.

11.6.2.3 Subchannelization for Uplink Distributed Resource Allocation

An inner permutation defined for the uplink distributed resource allocations, which spreads the tiles of the
DRU across all the distributed resource allocations within a frequency partition. Each of the DRUs of an
uplink frequency partition is divided into 3 tiles of 6 adjacent subcarriers over Ny, symbols. The tiles
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within a frequency partition are collectively tile-permuted to obtain frequency diversity gain across the
allocated resources.

Two kinds of distributed resource allocation are used for UL distributed subchannelization, (1) regular
distributed allocation (2) UL transmit power optimized distributed allocation. The UL transmit power
optimized distributed resource is allocated first. The rest of the frequency resource is then allocated for
regular distributed allocation. A hopping/permutation sequence is defined for the power optimized
allocation that spreads the hopping units across frequency. The granularity of the inner permutation is equal
to the tile size for forming a DRU according to Section 11.6.1.1.

11.6.2.4 Subchannelization for Uplink Localized Resource

Localized subchannels contain subcarriers which are contiguous in frequency. There is no inner
permutation defined for the uplink localized resource allocations. The CRUs are directly mapped to
localized LRUs within each frequency partition. Precoding and/or boosting applied to the data subcarriers
can be applied to the pilot subcarriers.

Distribute PRUs to Freq. Distribute PRUs to contiguous Distribute subcarriers
Partitions and distributed groups to subchannels (LRUS)
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Figure 52: Illustration of the uplink resource unit mapping

11.6.3 Pilot Structure

The transmission of pilot subcarriers in the uplink is necessary for enabling channel estimation,
measurement of channel quality indicators such as SINR, frequency offset and timing offset estimation, etc.
The uplink pilots are dedicated to localized and distributed resource units and are precoded using the same
precoding as the data subcarriers of the resource allocation. The pilot structure is defined for up to 4 Tx
streams.

The pilot pattern may support variable pilot boosting. When pilots are boosted, each data subcarrier should
have the same Tx power across all OFDMA symbols in a resource block.
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The uplink pilot patterns are specified within a CRU comprising Py - Ny subcarriers for contiguous
resource allocations and within a tile comprising 6 - Ny, subcarriers for distributed resource allocations.

The downlink 18x6 pilot patterns (type-1 subframe) and 18x7 pilot patterns (type-2 subframe) defined in
Section 11.5.3 are used for the uplink 18x6 pilot patterns (type-1 subframe) and 18x7 pilot patterns (type-2
subframe), respectively, which include pilots for up to four Tx streams. Interlaced pilot patterns are not
used for the uplink.

The pilot structure for distributed resource allocations with a 6-by-6 tile is shown in Figure 53, with the
subcarrier index increasing from top to bottom and the OFDMA symbol index increasing from left to right,
where the number of Tx streams is one or two. Rank-1 precoding may use two stream pilots.

v

¢ Time » ¢ Time

P1 P1 P1 P1

P2 P2

Frequency

P1 | Pilot for Stream 1

P1 P1 P1 P1

P2 | Pilot for Stream 2

P2 P2

+—Frequency

Figure 53: Uplink pilot patterns for one and two streams

11.6.4  WirelssMAN-OFDMA System Support

The IEEE 802.16m uplink physical structure supports both frequency division multiplexing (FDM) and
time division multiplexing (TDM) with the WirelessMAN OFDMA reference system.

When the WirelessMAN OFDMA reference system operates in the PUSC mode, a symbol structure
according to IEEE 802.16m PUSC should be used in order to provide FDM-based legacy support.

11.6.4.1 Distributed Resource Unit for IEEE 802.16m PUSC

Unlike the DRU structure defined in Section 11.6.1.1, a DRU in IEEE 802.16m PUSC contains six tiles
whose size is 4 -Ngym, where Ny, depends on the subframe type. Figure 54 shows a tile structure when a
subframe has 6 symbols.

Time Time
U -
| [P P | |P P
L LL
|E| Pilot for stream 1
P P |E| Pilot stream P P |E| Pilot for stream

Figure 54: Tile structure in IEEE 802.16m PUSC
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11.6.4.2 Subchannelization for IEEE 802.16m PUSC

The subchannelization for IEEE 802.16m PUSC is identical to the WirelessMAN OFDMA reference
system uplink PUSC [3]. For a given system bandwidth, the total usable subcarriers are allocated to form
tiles (four contiguous subcarriers) and every tile is permuted according to permutation defined in uplink
PUSC [3]. Once subchannelization is done, every subchannel is assigned to either the WirelessMAN
OFDMA reference system or the IEEE 802.16m system. Figure 55 shows the uplink frame which is
divided in frequency domain into two logical regions — one is for the WirelessMAN OFDMA reference
system PUSC subchannels and the other is for IEEE 802.16m PUSC DRU .
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Figure 55: Subchannelization of IEEE 802.16m PUSC and DRU structure

11.7 Downlink Control Structure

DL control channels are needed to convey information essential for system operation. In order to reduce the
overhead and network entry latency, and improve robustness of the DL control channel, information is
transmitted hierarchically over different time scales from the superframe level to the subframe level.
Broadly speaking, control information related to system parameters and system configuration is transmitted
at the superframe level, while control and signaling related to traffic transmission and reception is
transmitted at the frame/subframe level.

In mixed mode operation (legacy/IEEE 802.16m), an AMS can access the system without decoding legacy
FCH and legacy MAP messages.

11.7.1 Downlink Control Information Classification
Information carried in the DL control channels is classified as follows.

11.7.1.1  Synchronization Information
This type of control information is necessary for synchronization and system acquisition.

11.7.1.2 System Configuration Information
This includes a minimal set of time critical system configuration information and parameters needed for the
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mobile station (AMS) to complete cell selection and system access in a power efficient manner

11.7.1.3 Extended System Parameters and System Configuration Information

This category includes additional system configuration parameters and information not critical for access,
but needed and used by all AMSs after system acquisition. Examples of this class include information
required for handover such as handover trigger, and neighbor ABS information.

11.7.1.4 Control and Signaling for DL Notifications

Control and signaling information may be transmitted in the DL to provide network notifications to a single
user or a group of users in the idle mode and sleep mode. Example of such notification is paging, etc.

11.7.1.5 Control and Signaling for Traffic

The control and signaling information transmitted in the DL for resource allocation to a single user or a
group of users in active or sleep modes is included in this category. This class of information also includes
feedback information such as power control and DL acknowledgement signaling related to traffic
transmission/reception.

11.7.2 Transmission of Downlink Control Information

11.7.2.1 Advanced Preamble (A-PREAMBLE)

The Advanced Preamble (A-PREAMBLE) is a DL physical channel which provides a reference signal for
timing, frequency, and frame synchronization, RSSI estimation, channel estimation, and ABS identification.

11.7.2.1.1 Advanced Preamble Design Considerations
Table 5 defines considerations taken into account in the design of the A-PREAMBLE.

Convergence time Time interval for the probability of error in A-PREAMBLE index detection to be
less than 1% under non-ideal assumptions on the timing and carrier
synchronization, measured from the start of the acquisition process.

Correct detection Selection of an ABS among the co-channel ABSs whose received powers
averaged over the convergence time are within 3 dB of the ABS with the highest
received power

Coverage area Area where the false detection probability is less than 1% within the convergence
time

Overhead Total radio resources (time and frequency) per superframe that can not be used
for other purpose because of A-PREAMBLE

Cell ID set The cell ID set is the set of unique A-PREAMBLE symbols for differentiating
between macrocell/femtocell/sector/relay transmitters

Multi-bandwidth Design of A-PREAMBLE for different bandwidths as specified in Table 4

support

Multi-carrier support | Design of A-PREAMBLE to support functionality described in Sections 8.1.3
and 17

Table 5: Definitions related to the A-Preamble

11.7.2.1.1.1 Overhead

In mixed mode operation the A-PREAMBLE overhead is less than or equal to 4% per superframe including
the legacy preamble, where the 4% is calculated based on the ratio of A-PREAMBLE resource and that of
usable resource for transmitting data.

In IEEE 802.16m only mode operation the A-PREAMBLE overhead is less than or equal to 2.6% per

89






2009-09-24 IEEE 802.16m-09/003412

superframe, where the 2.6% is calculated based on the ratio of A-PREAMBLE resource and that of usable
resource for transmitting data.

11.7.2.1.1.2 Synchronization
The A-Preamble provides time and frequency synchronization including frame and superframe alignment.

11.7.2.1.1.3 Coverage

The coverage of the IEEE 802.16m A-PREAMBLE is not worse than the minimum of the required
coverage for broadcasting channel, control channel and unicast data channel under channel conditions
defined in the IEEE 802.16m evaluation methodology for the supported cell sizes.

11.7.21.1.4 Cell IDs

The cell ID is obtained from the A-PREAMBLE. To support Femto ABS and ARS deployments, the
number of unique cell IDs that can be conveyed by the SA-PREAMBLE is equal to 768.

11.7.21.1.5 MIMO Support and Channel Estimation

The IEEE 802.16m A-PREAMBLE supports multi-antenna transmissions. Channel estimation is supported
from the A-PREAMBLE in order to enable control/data channel decoding.

11.7.2.1.1.6 Multi-carrier Multi-bandwidth Support
IEEE 802.16m A-PREAMBLE supports multi-bandwidth and multi-carrier operations.

11.7.2.1.1.7 Measurement Support
IEEE 802.16m A-PREAMBLE supports noise power estimation.

11.7.2.1.1.8 Sequence Requirements
The A-Preamble PAPR and peak power is no larger than that of other downlink signals.

11.7.2.1.2 Advanced Preamble Architecture
11.7.2.1.2.1 Overview

11.7.2.1.2.1.1 Hierarchy

IEEE 802.16m supports hierarchical synchronization with two levels. These are called the Primary
Advanced Preamble (PA-PREAMBLE) and Secondary Advanced Preamble (SA-PREAMBLE). The PA-
PREAMBLE is used for initial acquisition, superframe synchronization and sending additional information.
The SA-PREAMBLE is used for fine synchronization, and cell/sector identification (ID).

11.7.21.2.1.2 Multiplexing
PA-PREAMBLE and SA-PREAMBLE are TDM

11.7.2.1.2.1.3 Number of Symbols in A-PREAMBLE

A complete instance of the A-PREAMBLE exists within a superframe. Multiple symbols within the
superframe may comprise the A-PREAMBLE.

In mixed deployments, the presence of the IEEE Std 802.16-2009 preamble is implicit.

11.7.2.1.2.1.4 Location of Synchronization Symbols

In mixed deployments, the IEEE Std 802.16-2009 preamble is located in the first symbol of the IEEE Std
802.16-2009 frame. The location of the A-PREAMBLE symbol(s) is fixed within the superframe.

One PA-Preamble symbol and three SA-Preamble symbols exist within the superframe. The location of the
A-Preamble symbol is specified as the first symbol of frame. PA-Preamble is located at the first symbol of
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second frame in a superframe while SA-Preamble is located at the first symbol of remaining three frames as
depicted in Figure 56.

Superframe : 20msec
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Figure 56: Structure of the A-Preamble

The length of sequence for PA-Preamble is 216 regardless of the FFT size. PA-Preamble carries the
information related to system bandwidth, and carrier configuration, where the subcarrier index 256 is
reserved for DC subcarrier.

SA-Preamble sequences are partitioned and each partition is dedicated to specific base station type such as
Macro ABS, Macro Hotzone ABS, Femto ABS and etc. The partition information is broadcasted in the
Secondary Superframe Header (S-SFH)

For the support of femtocell deployment, a Femto ABS should self-configure the segment or subcarrier set
for SA-Preamble transmission based on the segment information of the overlay macrocell ABS for
minimized interference to macrocell if the Femto ABS is synchronized to macrocell ABSs. The segment
information of the overlay macrocell ABS may be obtained by communications with macrocell ABS
through backbone network or active scanning of SA-Preamble transmitted by macrocell ABS.

11.7.2.1.2.1.5 Properties of PA-PREAMBLE & SA-PREAMBLE
The PA-PREAMBLE has these properties:

e Common to a group of sectors/cells

e  Supports limited signaling (e.g., system bandwidth, carrier information, etc.)

e  Fixed number of subcarriers ( but the occupied bandwidth is less than 5SMHz)
The SA-PREAMBLE has these properties:

e  Full bandwidth

e  Carries cell ID information

11.7.2.1.2.2 Description of Legacy Support/Reuse

IEEE 802.16m system will exist in both greenfield and mixed (coexisting IEEE Std 802.16-2009 and IEEE
802.16m equipment) deployments. In mixed deployments the IEEE Std 802.16-2009 preamble will be
always present. As discussed in the design considerations, the IEEE 802.16m A-PREAMBLE is designed
so as not to degrade the performance of legacy acquisition. The IEEE 802.16m A-PREAMBLE enables
AMSs to synchronize in frequency and time without requiring the IEEE Std 802.16-2009 preamble.

The IEEE 802.16m PA-PREAMBLE supports a timing synchronization by autocorrelation with a repeated
waveform. The structure of PA-PREAMBLE is not identical to that of legacy preamble in the time domain.

The structure of the A-Preamble for legacy support is illustrated in 57.
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Figure 57: A-Preamble transmission structure with legacy support

11.7.2.1.2.3 Cell ID Support
Sectors are distinguished by the Advanced Preamble. Each segment uses an SA-Preamble composed of a
carrier-set out of the three available carrier-sets in the following manner:

e Segment 0 uses SA-Preamble carrier-set 0.

e Segment 1 uses SA-Preamble carrier-set 1.

e Segment 2 uses SA-Preamble carrier-set 2.

11.7.2.1.2.4 Multicarrier and Multi-bandwidth Support

For the 512-FFT size, the 144-bit SA-Preamble sequence is divided into 8 main blocks, namely, A, B, C, D,
E, F, G, and H. The length of each block is 18 bits. Each segment ID has different sequence blocks. For the
512-FFT size, A, B, C, D, E, F, G, and H are modulated and mapped sequentially in ascending order onto
the SA-Preamble subcarrier-set corresponding to segment ID. For higher FFT sizes, the basic blocks (A, B,
C, D, E, F, G, H) are repeated in the same order. For instance in the 1024-FFT size, E, F, G, H, A, B, C, D,
E,F, G, H, A, B, C, D are modulated and mapped sequentially in ascending order onto the SA-Preamble
subcarrier-set corresponding to segment ID.
DC

EFGH ABCD EFGH ABCD T EFGH ABCD EFGH ABCD

512-FFT

Figure 58: The allocation of sequence block for each FFT size

A circular shift is applied over three consecutive sub-carriers after applying subcarrier mapping. Each
subblock has common offset. The circular shift pattern for each subblock is:

[2,1,0....... ,2,1,0,.....,2,1,0,2,1,0,DC, 1,0,2, 1,0,2, ...... , 1,02, ... 1,0,2] where the shift is right
circular.

92





2009-09-24 IEEE 802.16m-09/003412

For the 512-FFT size, the blocks (A, B, C, D, E, F, G, H) experience the following right circular shift (0, 2,
1,0, 1,0,2, 1), respectively. Figure 59 depicts the symbol structure of SA-Preamble in the frequency
domain for the 512-FFT.
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Figure 59: SA-Preamble symbol structure for 512-FFT

11.7.2.1.2.5 MIMO Support and Channel Estimation

For multiple antenna systems, the SA-Preamble blocks are interleaved on the number of antennas (1, 2, 4 or
8). Where employed, MIMO support is achieved by transmitting A-PREAMBLE subcarriers from known
antennas. Multiple antenna transmission is supported using:

(a) Cyclic delay diversity (with antenna specific delay values) for the PA-Preamble and

(b) Interleaving within a symbol (multiple antennas can transmit within a single symbol but on
distinct subcarriers) for the SA-Preamble.

11.7.2.1.3 Advanced Preamble Sequence Design Properties
The A-PREAMBLE enables timing synchronization by autocorrelation. The power can be boosted.

The PA-PREAMBLE is mapped with every other subcarrier on the frequency domain. Frequency reuse of 1
is applied to PA-PREAMBLE.

Frequency reuse of 3 is applied to SA-PREAMBLE.

11.7.2.2 Superframe Header (SFH)

The Superframe Header (SFH) carries essential system parameters and system configuration information.
The SFH is divided into two parts: Primary Superframe Header (P-SFH) and Secondary Superframe
Header (S-SFH).

11.7.2.2.1 Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH)

The Primary Superframe Header (P-SFH) and the Secondary Superframe Header (S-SFH) carry essential
system parameters and system configuration information. The P-SFH is transmitted every superframe. The
P-SFH IE is of fixed size and contains essential system information. It is mapped to the P-SFH.

When present, the S-SFH may be transmitted over one or more superframes. The S-SFH is of variable size.
The size of S-SFH is indicated by the P-SFH. Essential system parameters and system configuration
information carried in the S-SFH is categorized into multiple subpacket IEs. The S-SFH IEs are transmitted
with different timing and periodicity and are mapped to the S-SFH.

The S-SFH Sub-Packet 1 (SP1) Information Element (IE) includes information needed for network re-
entry. S-SFH SP2 contains information for initial network entry and network discovery. S-SFH SP3
contains remaining information for maintaining communication with the ABS.
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11.7.2.2.2 Location of the SFH

The SFH includes P-SFH and the S-SFH, and is located in the first subframe within a superframe. The P-
SFH and S-SFH are assigned no more than 24 distributed LRUs (5 MHz bandwidth).

11.7.2.2.3 Multiplexing of the P-SFH and S-SFH with Other Control Channels and Data Channels
The P-SFH/S-SFH is TDM with the A-PREAMBLE.

If SFH occupies narrower BW than system BW, the P-SFH and S-SFH in SFH are FDM with data within
the same subframe.

The P-SFH is FDM with the S-SFH within the first subframe.

11.7.2.2.4 Transmission Format

The P-SFH and S-SFH are transmitted using predetermined modulation and coding schemes. The
modulation for the P-SFH and the S-SFH is QPSK.

The effective coding rate for the P-SFH is 1/24 (or 1/16) and the effective coding rate for S-SFH is
configured by the P-SFH.

Multiple antenna schemes for transmission of the P-SFH/S-SFH are supported. The AMS is not required to
know the antenna configuration prior to decoding the P-SFH.

Two-stream SFBC with two Tx antennas is used for P-SFH and S-SFH transmission. For more than 2-Tx
antenna configurations, the P-SFH and S-SFH are transmitted using 2-stream SFBC with precoding, which
is decoded by the AMS without any information on the precoding and antenna configuration.

The physical processing of the P-SFH IE is shown in Figure 60.

MIMO
Add Data Channel " QPSK - Map to
P-SFH [E—>» CRC —>| Scrambler | " Encoding —» Repetition | —» Modulator Encoder/ —»
Precoder
Figure 60: Physical Processing of the P-SFH
The physical processing of the S-SFH IE is shown in Figure 61.
MIMO
Add Data Channel - QPSK - Map to
S-SFH IE CRC Scrambler Encoder Repetition Modulator E?:gc?:;r/

Figure 61: Physical Processing of the S-SFH

Tail-biting convolutional codes with rate 1/4 as the mother rate are used for the P-SFH and S-SFH.

11.7.2.25 Resource Allocation
The subframe where the P-SFH and S-SFH are located has one frequency partition.

The PHY structure for transmission of P-SFH and S-SFH is described in Section 11.5.1. The P-SFH and S-
SFH use distributed LRUs.

11.7.2.3 Advanced MAPs (A-MAP)

11.7.2.3.1 Unicast Service Control Information/Content
Unicast service control information consists of both user-specific control information and non-user-specific
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control information.

User-specific control information is further divided into assignment information, HARQ feedback
information, and power control information, and they are transmitted in the assignment A-MAP, HARQ
feedback A-MAP, and power control A-MAP, respectively. All the A-MAPs share a region of physical
resources called A-MAP region.

In the DL subframes where the A-MAP regions can be allocated, each frequency partition may contain an
A-MAP region. The A-MAP region occupies the first few distributed LRUs in a frequency partition. The
structure of an A-MAP region is illustrated as an example in the following figure. The resources occupied
by each A-MAP physical channel may vary depending on the system configuration and scheduler
operation. The A-MAP region consists of a number of distributed LRUs.

-

h é | A-MAPRegion
el
- % ‘ %‘ Non user-specific A-MAP
2 R
S | B '3 HARQ Feedback A-MAP
= Q | &
& | ° BBHE  rower control A-MAP
> <
§ | 3 X E |:| Assignment A-MAP
3 | gl ~—
\ O
8 \ = Naym Symbols |:| Data channels
= g
—
< __ |

Figure 62: The structure of an A-MAP region

11.7.2.3.1.1 Non-user-specific Control Information

Non-user-specific control information consists of information that is not dedicated to a specific user or a
specific group of users. It includes information required to decode the user-specific control. Non-user-
specific control information that is not carried in the SFH may be included in this category.

11.7.2.3.1.2 User-specific Control Information

User specific control information consists of information intended for one user or more users. It includes
scheduling assignment, power control information, HARQ ACK/NACK information. HARQ ACK/NACK
information for uplink data transmission is carried by DL ACK channel which is separated from control
blocks for other user specific control information.

Resources can be allocated persistently to AMSs. The periodicity of the allocation may be configured.

Group control information is used to allocate resources and/or configure resources to one or multiple
mobile stations within a user group. Each group is associated with a set of resources. The group message
contains bitmaps to signal resource assignment, MCS, resource size etc. VoIP is an example of the subclass
of services that use group messages.

The user-specific A-MAP consists of the Assignment A-MAP, the HARQ Feedback A-MAP and the Power
Control A-MAP.

Assignment A-MAP

The Assignment A-MAP contains resource assignment information which is categorized into multiple types
of resource assignment IEs (assignment A-MAP IE). Each assignment A-MAP IE is coded separately and
carries information for one or a group of users.

The minimum logical resource unit in the assignment A-MAP is called an MLRU. The assignment A-MAP

IE is transmitted with one MLRU or multiple concatenated MLRUs in the A-MAP region. The number of
logically contiguous MLRUs is determined based on the assignment IE size and channel coding rate, where
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channel coding rate is selected based on AMS’ link condition. Assignment A-MAPs are grouped together
based on MCS level and A-MAP IE sizes. Assignment A-MAPs in the same group are transmitted with the
same MCS level and contain the same A-MAP IE size. Each assignment A-MAP group contains several
logically contiguous MLRUs. The number of assignment A-MAPs in each assignment A-MAP group is
signaled through non-user specific A-MAP.

HARQ Feedback A-MAP
The HARQ feedback AMAP carries HARQ ACK/NACK information for uplink data transmission.

Power Control A-MAP
The Power Control A-MAP carries fast power control command to AMS.

11.7.2.3.2 Multiplexing Scheme for Data and Unicast Service Control

Within a subframe, control and data channels are multiplexed using FDM. Both control and data channels
are transmitted on LRU that span all OFDM symbols in a subframe.

11.7.2.3.3 Location of Control Blocks
The first IEEE 802.16m DL subframe of each frame contains at least one A-MAP region. An A-MAP
region can include both non-user specific and user specific control information.

A-MAP regions are located in every DL subframe. DL and UL resource assignments in an A-MAP region
follow a pre-defined rule to determine the corresponding DL and UL subframes in which the resources are
assigned.

An example illustrating the location of an A-MAP region in TDD with 4:4 subframe DL:UL split is
provided in Figure 63.

A-MAP A-MAP A-MAP A-MAP
DL DL DL DL UL UL UL UL
SFO SF1 SF2 SF3 SF4 SF5 SF6 SF7

Figure 63: Location of A-MAP regions in a TDD system with a 4:4 subframe DL:UL split

11.7.2.3.4 Transmission Format

A unicast service control information element is defined as the basic element of unicast service control. A
unicast service control information element may be addressed to one user using a unicast ID or to multiple
users using a multicast/broadcast ID. It may contain information related to resource allocation, HARQ,
transmission mode, power control, etc.

Coding of multiple unicast service control information elements may therefore either be joint coding or
separate coding.

MCS of coded control blocks may either be with a fixed MCS or a variable MCS.
Non-user-specific control information is encoded separately from the user-specific control information.

For user-specific control information elements intended for a single user or a group of users, multiple
information elements are coded separately.

Non-user-specific control information in a A-MAP region is transmitted at a fixed MCS for a given system
configuration.

The coding chain for the non-user-specific A-MAP-IE is shown in Figure 64.
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Non-user

Non-user specific Channel - .| Modulator MIMO specific
A-MAP *  Coding Repefition * (@PsK) *  Encoder A-MAP
symbols

Figure 64: Physical processing of the non-user specific A-MAP

The Assignment A-MAP (A-A-MAP) includes one or multiple A-A-MAP-IEs and each A-A-MAP-IE is
encoded separately. Figure 65 illustrates the procedure for constructing A-A-MAP symbols. Following rate
matching and repetition, the encoded bit sequences are modulated using QPSK. For a given system
configuration, assignment A-MAP IEs can be encoded with two different effective code rates. The set of
code rates is (1/2, 1/4) or (1/2, 1/8).

Rate 1/4 tailbiting convolutional codes are used for the Assignment A-MAP.

Add Data Channel . Modulator MIMO A-A-MAP
A-A-MAP-IE—>| ~pc > Scrambler > Coding * Repetition " (@aPsK) Encoder symbols

Figure 65: Physical processing of the Assignment A-MAP

The HARQ feedback A-MAP (HF-A-MAP) contains HARQ-feedback-IEs for ACK/NACK feedback
information to uplink data transmission. Each HF-A-MAP IE carries 1 bit information. Depending on the
channel conditions, the modulation can be QPSK or BPSK. If QPSK is used, 2 HF-A-MAP IEs are mapped
to a point in the signal constellation. The repetition number, Ny, ur.amap, is 8. Repeated HF-A-MAP IE
bits are scrambled by the Ny, ur.amap LSBs of the STID of the associated AMS. If BPSK is used, each
HF-A-MAP IE is mapped to a point in the signal constellation. The coding chain for the HF-A-MAP IE is
shown in Figure 66.

HF-A-MAP-IE(S)

2 bits if QPSK, Repetition STID QPSK/ >
1 bit if BPSK > ™ Scramble ™ BPSK . HE-A-MAP
SFBC
HF-A-MAP-IE(S) e oPSK symbols
2 bits if QPSK, ™| Repetition [ ™1 - >
1 bit if BPSK P Scramble BPSK

Figure 66: Physical processing of the HF A-MAP

Power Control A-MAP (PC-A-MAP) contains PC-A-MAP-IEs for closed-loop power control of the uplink
transmission. The ABS transmits the PC-A-MAP-IE to every AMS which operates in closed-loop power
control mode. The coding chain for the HF-A-MAP IE is shown in Figure 67.
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Figure 67: Physical processing of the Power Control A-MAP

11.7.2.4 E-MBS MAPs

E-MBS MAPs are classified into cell specific and non-cell specific control channels. SFH provides the
location information for both cell-specific and non-cell specific E-MBS MAPs.

The cell specific control channel carries all cell specific information while the non cell specific control
channel carries all information on multiple ABS transmission.

One cell specific E-MBS MAP and one or more non cell specific E-MBS MAPs may exist in a cell.
Multiple cell specific information are jointly encoded into one cell specific E-MBS MAP. Each E-MBS
MAP may support one or more E-MBS services within an MBS zone.

11.7.2.4.1 Multicast Service Control Information/Content

The cell specific E-MBS MAP provides all essential parameters for retrieving single-ABS E-MBS, and it
also contains some control parameters which are cell specific for multi-ABS E-MBS.

11.7.2.4.2 Multiplexing Scheme for Data and Multicast Service Control

Within a subframe where multicast data and E-MBS MAPs are carried, E-MBS MAPs and data channels
are multiplexed using FDM. Within a MBS scheduling interval, each E-MBS control channel is transmitted
at the beginning of the corresponding E-MBS zone interval in order to decode the burst information.

11.7.2.4.3 Location of Control Blocks within a Frame/Subframe

11.7.2.4.4 Transmission Format

A multicast service control information element is defined as the basic element of the multicast service
control. A multicast service control information element is non-user specific and is addressed to all users
in the cell.

11.7.2.4.5 Resource Allocation

11.7.2.5 Transmission of Additional Broadcast information on Traffic Channel

Examples of additional broadcast information include system descriptors, neighbor ABS information and
paging information.

MAC control messages may be used to transmit additional broadcast information on traffic channel.

The essential configuration information about different RATs may be transmitted by an ABS. Such
messages may be structured as broadcast or unicast messages.

The configuration of different RATs may be defined in a variable length MAC control message. This
message should include information such as:

e RAT Logical Index
e RAT Type: 16m, 16e only, 3GPP/3GPP2, DVB-H, etc.
e If other RAT : List of configuration Parameters

The configuration parameters should include all information needed for efficient scanning and if needed
handing over/switching to such RATs with minimal signaling with the target RAT.
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Mapping Information to DL Control Channels
Information Channel Location

PA-Preamble is

located at the first

Advanced Preamble (A- ?Zarrnnbeoilnoi second
PREAMBLE): Primary Advanced cframe. SA
Synchronization information Preamble (PA-PREAMBLE) and SUpCrirame. 5A-

Secondary Advanced Preamble (SA-
PREAMBLE)

Preamble is
located at the first
symbol of
remaining three
frames.

System configuration information

Primary Superframe Header (P-SFH)
and Secondary Superframe Header (S-
SFH)

Inside SFH

Extended system parameters and system

Additional Broadcast Information on
Traffic Channel

Outside SFH

configuration information

Cogtrol . and signaling for DL | Additional Broadcast Information on Outside SFH
notifications Traffic Channel
Control and signaling for traffic Advanced MAP Outside SFH

Table 6: Mapping information to DL control channels

11.8  Downlink MIMO Transmission Scheme

11.8.1 Downlink MIMO Architecture and Data Processing
The architecture of downlink MIMO on the transmitter side is shown in Figure 68.

The MIMO Encoder block maps L (>1) layers onto Mt (>L) streams, which are fed to the Precoder block.
A layer is defined as a coding and modulation path fed to the MIMO encoder as an input. A stream is
defined as an output of the MIMO encoder which is passed to the precoder.

For SU-MIMO, only one user is scheduled in one Resource Unit (RU), and only one FEC block exists at
the input of the MIMO encoder (vertical MIMO encoding or SFBC encoding at transmit side).

For MU-MIMO, multiple users can be scheduled in one RU, and multiple FEC blocks exist at the input of
the MIMO encoder (horizontal MIMO encoding at transmit side).

The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according
to the selected MIMO mode.

The Feedback block contains feedback information such as CQI and CSI from the AMS.
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Figure 68 : DL MIMO Architecture

The Scheduler block schedules users to resource units and decide their MCS level, MIMO parameters
(MIMO mode, rank). This block is responsible for making a number of decisions with regards to each
resource allocation, including:

Allocation type: Whether the allocation should be transmitted with a distributed or localized
allocation.

Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a
single user or more than one user.

MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for
the user(s) assigned to the resource allocation.

User grouping: For MU-MIMO, which users should be allocated to the same Resource Unit.
Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the
user allocated to the Resource Unit.

MCS level per layer: The modulation and coding rate to be used on each layer.

Boosting: The power boosting values to be used on the data and pilot subcarriers.

Band selection: The location of the localized resource allocation in the frequency band.

11.8.1.1 Antenna Configuration

The ABS employs a minimum of two transmit antennas. Configurations of 2, 4 and 8 transmit antennas are
supported. The AMS employs a minimum of two receive antennas.

11.8.1.2 Layer to Stream Mapping
Layer to stream mapping is performed by the MIMO encoder. The MIMO encoder is a batch processor that
operates on M input symbols at a time.

The input to the MIMO encoder is represented by an Mx1 vector as specified in equation (2).
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s=| 7|, @)

where, §; is the i-th input symbol within a batch.
Layer to stream mapping of the input symbols is done in the spatial dimension first. The output of the

MIMO encoder is an MxNg MIMO STC matrix as given by equation (3), which serves as the input to the
precoder.

X=3(9), 3)

where, M; is the number of streams, N is the number of subcarriers occupied by one MIMO block, X is the
output of the MIMO encoder, S is the input layer vector, S(S) is an STC matrix, and

X X2 0 XN,
@
RS VAR ERERS VA RS VIR N
For SU-MIMO transmissions, the STC rate is defined as in equation (5)
R= M (5)
N

F
For MU-MIMO transmissions, the STC rate per layer (R) is equal to 1.

There are four MIMO encoder formats (MEF):
- Space-frequency block coding (SFBC)
- Vertical encoding (VE)
- Horizontal encoding (HE)
- Conjugate data repetition (CDR)

For SU-MIMO, MIMO encoding allows for spatial multiplexing and transmit diversity transmission
schemes. Spatial multiplexing MIMO employs vertical encoding within a single layer (codeword).
Transmit diversity employs either vertical encoding with a single stream, or space-frequency block coding.
For MU-MIMO, horizontal encoding of multiple layers (codewords) is employed at the base-station, while
only one stream is transmitted to each mobile station.

For open-loop transmit diversity with SFBC encoding, the input to the MIMO encoder is represented by 2

x 1 vector.
S
s=| (6)
S,

The MIMO encoder generates the SFBC matrix.
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s -s
x=| 5 = 7
SZ Sl

where X is 2x2 matrix. The SFBC matrix, X , occupies two consecutive subcarriers.

For open-loop transmit diversity with CDR encoding, the input to the MIMO encoder is represented by a 1
x 1 vector.

S=5, (®)
The MIMO encoder generates the CDR matrix.
x=s s ] ©)

where X is 2x1 matrix. The CDR matrix, X occupies two consecutive subcarriers.

For horizontal encoding and vertical encoding, the input and the output of the MIMO encoder is
represented by an M x 1 vector.

X=s=| (10)

where, ; is the i-th input symbol within a batch.

For vertical encoding, S;...Sp belong to the same layer (codeword).
For horizontal encoding, S;...Sy belong to different layers (codewords).

The number of streams depends on the MIMO encoder as follows:

- For open-loop and closed-loop spatial multiplexing SU-MIMO, the number of streams is M;<
min(N+,NR), where M is no more than 8. Nt and Ny are the numbers of transmit and receive antennas,
respectively.

- For open-loop transmit diversity, M; depends on the space-time coding scheme employed by the
MIMO encoder.

- MU-MIMO can have up to 2 streams with 2 Tx antennas, and up to 4 streams for 4 Tx antennas and 8
Tx antennas.

11.8.1.3 Stream to Antenna Mapping

Stream to antenna mapping is performed by the precoder. The output of the MIMO encoder is multiplied
by an NtxMt precoder, W. The output of the precoder is denoted by an NtxNF matrix, z, as in equation

(11).

Z, Z, Zl,NF
Z Z cee Z
2.1 2,2 2N
z=Wx=| .. R (11)
_ZNI,I ZN[,Z ZN‘,NF |

where, N; is the number of transmit antennas, N is the number of subcarriers occupied by one MIMO block
and zj, is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier.

Non-adaptive precoding and adaptive precoding are supported:
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- Non-adaptive precoding is used with OL SU MIMO and OL MU MIMO modes.
- Adaptive precoding is used with CL SU MIMO and CL MU MIMO modes.

For non-adaptive precoding on a given subcarrier K, the matrix Wy is selected from a predefined unitary
codebook. Wy changes every U-Pgc subcarriers and every v subframes, in order to provide additional spatial
diversity. The values of u and v depend on the MIMO scheme and type of resource unit.

For adaptive precoding, the form and derivation of the assembled precoding matrix, W¢=[w¢... Wk ],
is vendor-specific. The precoding vector on the f-th subcarrier for the j-th stream, wjs, is derived at the
ABS from the feedback of the AMS. Beamforming is enabled with this precoding mechanism. If the
columns of the assembled precoding matrix are orthogonal to each other, it is defined as unitary
precoding. Otherwise, it is defined as non-unitary precoding. Non-unitary precoding is only allowed
with CL MU-MIMO.

In the downlink closed-loop SU-MIMO and MU-MIMO, all demodulation pilots are precoded in the same
way as the data, regardless of the number of transmit antennas, allocation type and MIMO transmission
mode. The precoding matrix is signaled to the AMS via precoding of the demodulation pilots.

11.8.2 Transmission for Data Channels

11.8.2.1 Downlink MIMO Modes
There are six MIMO transmission modes for unicast DL MIMO transmission as listed in Table 7.

Mode Description MIMO encoding MIMO
index format (MEF) precoding
Mode 0 OL SU-MIMO (Tx diversity) | SFBC non-adaptive
Mode 1 OL SU-MIMO (SM) Vertical encoding non-adaptive
Mode 2 | CL SU-MIMO (SM) Vertical encoding adaptive
Mode 3 OL MU-MIMO (SM) Horizontal encoding non-adaptive
Mode 4 | CL MU-MIMO (SM) Horizontal encoding adaptive
Mode 5 OL SU-MIMO (Tx diversity) | CDR non-adaptive

Table 7: Downlink MIMO modes

The allowed values of the parameters for each DL MIMO mode are shown in Table 8.

Number_of STC rate Number Number of | Number
transmit of .
per layer subcarriers | of layers
antennas streams

N¢ R M Ne L

2 1 2 2 1

MIMO mode 0 4 1 2 2 1
8 1 2 2 1

MIMO mode 1 and 2 1 1 1 1
MIMO mode 2 2 2 2 1 1
4 1 1 1 1

4 2 2 1 1

4 3 3 1 1

4 4 4 1 1

8 1 1 1 1

8 2 2 1 1

8 3 3 1 1

8 4 4 1 1

8 5 5 1 1

8 6 6 1 1
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8 7 7 1 1

8 8 8 1 1

2 1 2 1 2

4 1 2 1 2

MIMO mode 3 and 4 I 3 ! 3
MIMO mode 4 4 I 4 ! 4
8 1 2 1 2

8 1 3 1 3

8 1 4 1 4

2 12 1 2 1

MIMO mode 5 4 12 1 2 1
8 12 1 2 1

Table 8: Downlink MIMO Parameters

M; refers to the number of streams transmitted to one AMS with MIMO modes 0, 1, and 2. M, refers to the
total number of streams transmitted to multiple AMSs on the same RU with MIMO modes 3 and 4.

All MIMO modes and MIMO schemes are supported in either distributed or localized resource mapping.
Table 9 shows permutations supported for each MIMO mode outside the OL region. The definitions of

DRU, mini-band based CRU, and subband based CRU, are in subclause 11.5.

DRU Mini-band based CRU Subband based CRU

(diversity allocation) (localized allocation)
MIMO mode 0 Yes Yes No
MIMO mode 1 Yes, with M=2 Yes, with M;< 4 Yes
MIMO mode 2 No Yes, with M=1 Yes
MIMO mode 3 No No Yes
MIMO mode 4 No Yes Yes
MIMO mode 5 No No No

Table 9: Supported permutation for each Downlink MIMO mode

Table 10 shows permutations supported for each MIMO mode inside the OL region with MaxMt streams.

Table 10 : Supported permutation for each DL MIMO mode in the OL region

Mini-band based Subband based
DRU CRU CRU

(diversity allocation) (localized allocation)
MIMO mode 0 Yes, with MaxMt =2 No No
MIMO mode 1 Yes, with MaxMt =2 No Yes, with MaxMt =2
MIMO mode 2 No No No
MIMO mode 3 No No Yes, with MaxMt =2
MIMO mode 4 No No No
MIMO mode 5 No Yes, with MaxMt =1 Yes, with MaxMt =1

Mini-band based CRU diversity allocation represents resource allocation composed of non-contiguous

minibands.

11.8.2.2 Open-Loop Region

An open-loop region with MaxMt streams is defined as a time-frequency resource using the MaxMt streams
pilot pattern and a given open-loop MIMO mode with Mt = MaxMt without rank adaptation. The open-loop
region allows base stations to coordinate their open-loop MIMO transmissions, in order to offer a stable
interference environment where the precoders and numbers of streams are not time-varying. The resource
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units used for the open-loop region are indicated in a downlink broadcast message. These resource units are
aligned across cells.

Only a limited set of open-loop MIMO modes are allowed for transmission in the open-loop region. There
is no limitation to the use of any open-loop MIMO mode outside the open-loop region, as specified in
Table 11.

An open-loop region is associated with a specific set of parameters:
- Type (number of streams MaxM;, MIMO mode, MIMO feedback mode, type of permutation)

- Resource unit

There are three types of open-loop regions, as specified in Table 11

MaxMt MIMO mode Supported permutation

OL Region Type 0 2 streams MIMO Mode 0 DRU
MIMO Mode 1 (M= 2 streams)

OL Region Type 1 1 stream MIMO Mode 5 (M; =1 streams) Miniband based CRU
(diversity allocation)

Subband based CRU
(localized allocation)

OL Region Type 2 2 streams MIMO Mode 1 (M; = 2 streams) Subband based
MIMO Mode 3 (M; = 2 streams) CRU (localized allocation)

Table 11: Types of open-loop regions
The OL region type 0 is present if OL-Region-ON is indicated in a downlink broadcast message.

All base stations that are coordinated over the same open loop region should use the same number of
streams, in order to guarantee low interference fluctuation and thus improve the CQI prediction at the AMS.
All pilots are precoded by non-adaptive precoding with MaxM; streams in the open-loop region. CQI
measurements should be taken by the AMS on the precoded demodulation pilots rather than on the
downlink reference signals.

11.8.2.3 Single-user MIMO (SU-MIMO)

Single-user MIMO (SU-MIMO) schemes are used to improve the link performance, by providing robust
transmissions with spatial diversity, or large spatial multiplexing gain and peak data rate to a single AMS,
or beamforming gain.

Both open-loop SU-MIMO and closed-loop SU-MIMO are supported for the antenna configurations
specified in Section 11.8.1.1

For open-loop SU-MIMO, both spatial multiplexing and transmit diversity schemes are supported. In the
case of open-loop SU-MIMO, CQI and rank feedback may still be transmitted to assist the base station’s
decision of rank adaptation, transmission mode switching, and rate adaptation. CQI and rank feedback may
or may not be frequency dependent.

For closed-loop SU-MIMO, codebook based precoding is supported for both TDD and FDD systems. CQI,
PMI, and rank feedback can be transmitted by the mobile station to assist the base station’s scheduling,
resource allocation, and rate adaptation decisions. CQI, PMI, and rank feedback may or may not be
frequency dependent.

For closed-loop SU-MIMO, sounding based precoding is supported for TDD systems.
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11.8.2.4 Multi-user MIMO (MU-MIMO)

Multi-user MIMO (MU-MIMO) schemes are used to enable resource allocation to communicate data to
two or more AMSs. MU-MIMO enhances the system throughput.

Multi-user transmission with one stream per user is supported for MU-MIMO. MU-MIMO includes the
MIMO configuration of 2Tx antennas to support up to 2 users, and 4Tx or 8Tx antennas to support up to 4
users. Both unitary and non-unitary MU-MIMO linear precoding techniques are supported.

For open-loop MU-MIMO, CQI and preferred stream index feedback may be transmitted to assist the base
station’s scheduling, transmission mode switching, and rate adaptation. The CQI is frequency dependent.

For closed-loop multi -user MIMO, codebook based precoding is supported for both TDD and FDD
systems. CQI and PMI feedback can be transmitted by the mobile station to assist the base station’s
scheduling, resource allocation, and rate adaptation decisions. CQI and PMI feedback may or may not be
frequency dependent.

For closed-loop multi -user MIMO, sounding based precoding is supported for TDD systems.

11.8.2.5 Feedback and Control Signaling Support for SU-MIMO and MU-MIMO

For MIMO operation with downlink closed-loop precoding in FDD and TDD systems, unitary codebook
based feedback is supported. In TDD systems, uplink sounding based downlink precoding is also supported.

The base codebook is optimized for both correlated and uncorrelated channels. A codebook is a unitary
codebook if each of its matrices consists of columns of a unitary matrix.

In FDD systems and TDD systems, a mobile station may feedback some of the following information for
supporting SU-MIMO and MU-MIMO transmissions:

. STC rate (Wideband or sub-band) for SU-MIMO

. Sub-band selection

. CQI (Wideband or sub-band, per layer)

. PMI (Wideband or sub-band for serving cell and/or neighboring cell)

. Long-term CSI, including an estimate of the transmitter spatial correlation matrix

For CQI feedback, the mobile station measures the downlink reference signal or the demodulation pilots in
the allocated resource unit, computes the channel quality information (CQI), and reports the CQI on the
uplink feedback channel. Both wideband CQI and subband CQI may be transmitted by a mobile station.
Wideband CQI is the average CQI of a wide frequency band. In contrast, sub-band CQI is the CQI
of a localized sub-band. For MU-MIMO, the CQI is calculated at the mobile station assuming that
the interfering users are scheduled by the serving base station using rank-1 precoders orthogonal to
each other and orthogonal to the rank-1 precoder represented by the reported PMI.

For codebook based precoding, three different feedback modes for the PMI are supported:

% The standard mode: the PMI feedback from an AMS represents an entry of the base codebook. It
is sufficient for the base station to determine a new precoder.

% The transformation mode: The PMI feedback from an AMS represents an entry of the
transformed base codebook according to long term channel information.

% The differential mode: the PMI feedback from an AMS represents an entry of the differential
codebook or an entry of the base codebook at PMI reset times. The feedback from an AMS
provides a differential knowledge of the short-term channel information. This feedback
represents information that is used along with other feedback information known at the ABS for
determining a new precoder.

An AMS supports the standard and transformation modes and may support the differential mode.
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A unique base codebook is employed for SU and MU MIMO feedback. The MU MIMO codebook can be
configured as the full set or as a subset of the base codebook to support both unitary and non-unitary
precoding. The codebook subsets (including the full set of the base codebook) to be used for feedback are
explicitly or implicitly indicated by the ABS. The transformation and differential feedback modes are
applied to the base codebook or to a subset of the base codebook.

An enhanced UL sounding channel is used to feedback CSlI-related information by the AMS to facilitate
vendor-specific adaptive closed-loop MIMO precoding. For sounding-based precoding, the enhanced UL
sounding channel can be configured to carry a known pilot signal from one or more AMS antennas to
enable the ABS to compute its precoding/beamforming weights by leveraging TDD reciprocity. The
sounding waveform can be configured to occupy portions of the frequency bandwidth in a manner similar
to the sounding waveform used in the WirelessMAN OFDMA reference system. To facilitate analog-
feedback-based precoding, the enhanced UL sounding channel can be configured to carry unquantized CSI-
related information (e.g., an unquantized encoding of the DL spatial covariance matrix or an unquantized
encoding of the eigenvectors of the DL spatial covariance matrix). The unquantized CSl-related
information can be specific to a particular specified portion of the band (narrowband feedback) or specific
to the entire bandwidth (wideband feedback).

11.8.2.6 Rank and Mode Adaptation

To support the numerous radio environments for IEEE 802.16m systems, both MIMO mode and rank
adaptation are supported. ABSs and AMSs may adaptively switch between DL MIMO techniques
depending on parameters such as antenna configurations, system load, channel information, AMS speed
and average CINR. Parameters selected for mode adaptation may have slowly or fast varying dynamics. By
switching between DL MIMO techniques an IEEE 802.16m system can dynamically optimize throughput
or coverage for a specific radio environment.

Both dynamic and semi-static adaptation mechanisms are supported in 16m. For dynamic adaptation, the
mode/rank may be changed frame by frame. For semi-static adaptation, AMS may request adaptation. The
decision of rank and mode adaptation is made by the ABS. Semi-static adaptation occurs slowly with low
feedback overhead.

Predefined and flexible adaptation between SU-MIMO and MU-MIMO are supported. The adaptation
between SU MIMO rank 1 and MU MIMO is dynamic by using the same feedback information. The
adaptation between feedback for SU MIMO rank 2 (or more) and feedback for MU MIMO is semi-static.

11.8.3 Transmission for Control Channel

11.8.3.1 Transmission for Broadcast Control Channel

A SU open-loop technique that provides diversity gain is used for the Broadcast Control Channel. The 2-
stream SFBC with two transmit antennas is used for P-SFH and S-SFH transmission. For more than 2-Tx
antenna configuration, P-SFH and S-SFH are transmitted by 2-stream SFBC with precoding, which is
decoded by the AMS without any information on the precoding and antenna configuration.

11.8.3.2 Transmission for Unicast Control Channel
The 2-stream SFBC is used for the Downlink Unicast Control Channel.

11.8.4 Advanced Features

11.8.41 Multi-ABS MIMO

Multi-ABS MIMO techniques are supported for improving sector throughput and cell-edge throughput
through multi-ABS collaborative precoding, network coordinated beamforming, or inter-cell interference
nulling. Both open-loop and closed-loop multi-ABS MIMO techniques are supported. For closed-loop
multi-ABS MIMO, CSI feedback via codebook based feedback or sounding channel will be used. The
feedback information may be shared by neighboring base stations via network interface. Mode adaptation
between single-ABS MIMO and multi-ABS MIMO is utilized.
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11.8.4.2 MIMO for Multi-cast Broadcast Services

Open-loop spatial multiplexing schemes as described in Section 11.8.1 are used for E-MBS. No closed loop
MIMO scheme is supported in E-MBS.

11.9 Uplink Control Structure

11.9.1 Uplink Control Information Classification

The UL control channels carry multiple types of control information to support air interface procedures.
Information carried in the control channels is classified as follows.

11.9.1.1 Channel Quality Feedback

Channel quality feedback provides information about channel conditions as seen by the AMS. This
information is used by the ABS for link adaptation, resource allocation, power control etc. Channel quality
measurement includes narrowband and wideband measurements. CQI feedback overhead reduction is
supported through differential feedback or other compression techniques. Examples of CQI include
Physical CINR, Effective CINR, band selection, etc. Channel sounding can also be used to measure uplink
channel quality.

11.9.1.2 MIMO Feedback

MIMO feedback provides wideband and/or narrowband spatial characteristics of the channel that are
required for MIMO operation. The MIMO mode, precoder matrix index, rank adaptation information,
channel covariance matrix elements, power loading factor, eigenvectors and channel sounding are
examples of MIMO feedback information.

11.9.1.3 HARQ Feedback

HARQ feedback (ACK/NACK) is used to acknowledge DL transmissions. Multiple codewords in MIMO
transmission can be acknowledged in a single ACK/NACK transmission.

11.9.1.4 Synchronization

Uplink synchronization signals are needed to acquire uplink synchronization during initial access or
handover and also to periodically maintain synchronization. Reference signals for measuring and adjusting
the uplink timing offset are used for these purposes.

11.9.1.5 Bandwidth Request

Bandwidth requests are used to provide information about the needed uplink bandwidth to the ABS.
Bandwidth requests are transmitted through indicators or messages. A bandwidth request indicator notifies
the ABS of a UL grant request by the AMS sending the indicator. Bandwidth request messages can include
information about the status of queued traffic at the AMS such as buffer size and quality of service,
including QoS identifiers.

11.9.1.6 E-MBS Feedback

E-MBS feedback provides information for DL MBS transmission to one or multiple cells.

E-MBS may employ a common uplink channel which is used by AMSs to transmit feedback. If a
predefined feedback condition is met, a NACK is transmitted through a common E-MBS feedback channel.
The feedback condition may be configured by either the ABS or the network.

During E-MBS service initiation, a common feedback channel per E-MBS service may be allocated. The
allocation of the common E-MBS feedback channel may be configured by the ABS.

11.9.2  Uplink Control Channels
The UL subframe size for transmission of control information is 6 symbols.
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11.9.2.1 Uplink Fast Feedback Channel

The UL fast feedback channel carries channel quality feedback and MIMO feedback and BW REQ
indicators.

There are two types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and
secondary fast feedback channels (SFBCH). The UL PFBCH carries 4 to 6 bits of information, providing
wideband and narrowband channel quality feedback and MIMO feedback. It is used to support robust
feedback reports. The UL SFBCH carries narrowband CQI and MIMO feedback information. The number
of information bits carried in the SFBCH ranges from 7 to 24. A set of predefined numbers of bits in this
range is supported. The SFBCH can be used to support CQI reporting at higher code rate and thus more
CQI information bits. The SFBCH can be allocated in a non-periodic manner based on traffic, channel
conditions etc. The number of bits carried in the fast feedback channel can be adaptive.

11.9.21.1 Multiplexing with Other Control Channels and Data Channels
The UL fast feedback channel is FDM with other UL control and data channels.

The UL fast feedback channel starts at a pre-determined location, with the size defined in a DL broadcast
control message. Fast feedback allocations to an AMS can be periodic and the allocations are configurable.
For periodic allocations, the specific type of feedback information carried on each fast feedback
opportunity can be different.

The UL fast feedback channel carries one or more types of fast feedback information.

11.9.2.1.2 PHY Structure
The process of composing the PFBCH and SFBCH are illustrated in Figure 69 and Figure 70

i Modulation Symbol sequence Primary fast
Primary fast y q

fi d[)y Kk —™ Sequence - (and | »| tosubcarrier [—® feedback channel

ecabac Generation e i symbol s[k]

payload repetition) mapping

Figure 69: Mapping of information in the PFBCH.

Secondary Channel Modulation Symbolbseqqence Secondary fast
fast feedback ™| coding > (QPSK) » fosubcarrier g feedback channel
payload mapping symbol

Figure 70: Mapping of information in the SFBCH.

A UL feedback mini-tile (FMT) is defined as 2 contiguous subcarriers by 6 OFDM symbols. The primary
and secondary fast feedback channels comprise 3 distributed FMTs. 2 pilots in each FMT can be used for
coherent detection in the SFBCH.

Figure 71 and Figure 72 illustrate the symbol mapping of the PFBCH and SFBCH respectively.

109





2009-09-24 IEEE 802.16m-09/003412

Frequency

\4

Cia Cis Cis Ci7 Cig Ci11

Cao Ca2 Caa Cas Cas Ca 10

Ca Cas Cas Car Cag Ca 11

Cs0 Cs2 Csa Css Css Cs 10

Cs1 Css Css Cs7 Csg Ca 11

Figure 71: PFBCH comprising three distributed 2x6 UL FMTs
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Figure 72: SFBCH comprising of three distributed 2x6 UL FMTs.

11.9.2.2 Uplink HARQ Feedback Channel
This channel is used to carry HARQ feedback information.

11.9.2.2.1 Multiplexing with Other Control Channels and Data Channels

The UL HARQ feedback channel starts at a pre-determined offset with respect to the corresponding DL
transmission.
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The UL HARQ feedback channel is FDM with other control and data channels.
TDM/FDM or TDM/CDM is used to multiplex multiple HARQ feedback channels.

11.9.2.2.2 PHY Structure

The UL HARQ feedback channel comprises three distributed UL feedback mini-tiles (FMT), where the UL
FMT is defined as 2 contiguous subcarriers by 6 OFDM symbols.

A total resource of 3 distributed 2x6 UL FMTs supports 6 UL HARQ feedback channels. The 2x6 UL
FMTs are further divided into UL HARQ mini-tiles (HMT). A UL HARQ mini-tile has a structure of 2
subcarriers by 2 OFDM symbols as illustrated in Figure 73.
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Channel

Ca1 Cas Ca1 Cas Ca Cas 3,4

Cso Cs2 Cs0 Cs2 Cs0 Cs2 HARQ FB
Channel

Cs1 Css Cs1 Css Cs1 Css 5,6

v

Figure 73: 2x2 HMT Structure

11.9.2.3 Uplink Sounding Channel

The UL sounding channel is used by an AMS to send a sounding signal for MIMO feedback, channel
quality feedback and acquiring UL channel information at the ABS. The sounding channel occupies
specific UL sub-bands or whole UL OFDMA symbol(s).

11.9.2.3.1 Multiplexing with Other Control Information and Data

The ABS can configure an AMS to transmit an UL sounding signal on specific UL sub-bands or across the
whole UL band. The sounding signal is transmitted over predefined subcarriers within the intended sub-
bands. The periodicity of the sounding signal for each AMS is configurable.

The UL sounding channel is FDM and/or TDM with other control and data channels.

11.9.2.3.2 Multiplexing Sounding Feedback for Multiple Users

The ABS can configure multiple AMSs to transmit UL sounding signals on the corresponding UL sounding
channels. The UL sounding channels from multiple users or multiple antennas per user can be CDM, FDM,
or TDM.
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Strategies for combating inter-cell-interference may be utilized to improve the sounding performance.

11.9.2.3.3 Uplink Sounding Channel Power Control

Power control for the UL sounding channel is supported to manage the sounding quality. Each AMS’s
transmit power for UL sounding channel may be controlled separately according to its sounding channel
target CINR value.

11.9.2.3.4 PHY Structure

Sounding from single or multiple antennas and multiple users are supported to provide MIMO channel
information for DL and UL transmission.

11.9.2.4 Ranging Channel

The UL ranging channel is used for UL synchronization. The UL ranging channel can be further classified
into ranging channel for non-synchronized mobile stations and synchronized mobiles stations. A random
access procedure, which can be contention based or non-contention based is used for ranging. Contention-
based random access is used for initial ranging, periodic ranging and handover. Non-contention based
random access is used for periodic ranging and handover.

11.9.2.4.1 Ranging Channel for Non-Synchronized Mobile Stations
The ranging channel for non-synchronized AMSs is used for initial access and handover.

11.9.24.1.1 Multiplexing with Other Control Channels and Data Channels

The UL ranging channel for non-synchronized AMSs starts at a configurable location with the
configuration defined in a DL broadcast control message.

The UL ranging channel for non-synchronized AMSs is FDM with other UL control channels and data
channels.

11.9.2.4.1.2 PHY Structure

The physical ranging channel for non-synchronized mobile stations consists of three parts: 1) ranging
cyclic prefix (RCP), 2) ranging preamble (RP) and 3) guard time (GT). The length of RCP is not shorter
than the sum of the maximum channel delay spread and round trip delay (RTD) of supported cell size. The
length of GT is not also shorter than the RTD of supported cell size. The length of the ranging preamble is
equal to or longer than RCP length of ranging channel. To support large cell sizes, the ranging channel for
non-synchronized AMSs can span multiple concatenated subframes.

The physical resource of ranging channel for non-synchronized mobile stations is Nrs; consecutive ranging
subcarriers (BWgcn.ns Hz corresponding to continuous Nry, CRUs) and Nrgy, OFDMA symbols (Trcr-ns
sec). The default configuration of Nrs and Nrgy, ranging subcarriers depends on the subframe type.

Figure 74 shows the default ranging channel structure spanning one subframe. The ranging preamble is
repeated as a single opportunity. Only one instance of the ranging preamble with an RCP can be used by
different non-synchronized AMS for increasing ranging opportunities. When the preamble is repeated as a
single opportunity, the second RCP can be omitted for coverage extension. The guard subcarriers are
reserved at the edge of non-synchronized ranging channel(s) physical resource. CDM allows multiple
AMSs to share the same ranging channel. In the TDD mode, the GT can be omitted for extending the
length of RCP.
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Figure 74: Default ranging structure for non-synchronized AMSs

In the LZone with PUSC non-contiguous resource for ranging channel may be considered.

11.9.2.4.2 Ranging Channel for Synchronized Mobile Stations
The ranging channel for synchronized AMSs is used for periodic ranging.

11.9.2.4.2.1 Multiplexing with Other Control channels and Data Channels

The UL ranging channel for synchronized AMSs starts at a configurable location with the configuration
defined in a DL broadcast control message.

The UL ranging channel for synchronized AMSs is FDM with other UL control channels and data channels.

11.9.2.5 Bandwidth Request Channel

Contention based random access is used to transmit bandwidth request information on this control channel.
Prioritized bandwidth requests are supported on the bandwidth request channel.

The random access based bandwidth request procedure for MZone or LZone with AMC is described in
Figure 75. In these cases, a 5-step regular procedure (step 1 to 5) or an optional 3-step quick access
procedure (step 1,4 and 5) may be supported concurrently. Step 2 and 3 are used only in 5-step regular
procedure. In step 1, AMS sends a bandwidth request indicator and a message for quick access that may
indicate information such as AMS addressing and/or request size and/or uplink transmit power report,
and/or QoS identifiers and the ABS may allocate uplink grant based on certain policy. The 5-step regular
procedure is used independently or as a fallback mode for the 3-step bandwidth request quick access
procedure. The AMS may piggyback additional BW REQ information along with user data during uplink
transmission (step 5). Following Step 1 and Step 3, ABS may acknowledge the reception of bandwidth
request. If AMS does not receive any acknowledgement or UL grant, it waits until the expiration of a pre-
defined period and restarts the bandwidth request. The pre-defined period may be differentiated by factors
such as QoS parameters (e.g. scheduling type, priority, etc). In case BW is granted immediately, there is no
need for ABS to send an explicit acknowledgment.
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Figure 75: Bandwidth request procedure in the MZone or the LZone with AMC

The bandwidth request procedure for LZone with PUSC is described in Figure 76. In LZone with PUSC,
only a 5-step regular procedure is supported. In step 1, AMS sends a bandwidth request indicator only. The
rest of LZone with PUSC bandwidth request procedure is the same as the 5-step procedure in Figure 75.
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Figure 76: Bandwidth request procedure in the LZone with PUSC

11.9.25.1 Multiplexing with Other Control Channels and Data channels

The bandwidth request channel starts at a configurable location with the configuration defined in a DL
broadcast control message. The bandwidth request channel is FDM with other UL control and data
channels.

11.9.2.5.2 PHY Structure
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The bandwidth request (BW REQ) channel contains resources for the AMS to send a BW REQ access
sequence and an optional quick access message at the step-1 of the bandwidth request procedure shown in
Figure 75. In the LZone with PUSC, a BW REQ tile is defined as 4 contiguous subcarriers by 6 OFDM
symbols. The number of BW REQ tiles per BW REQ channel is 3. Each BW REQ tile carries BW REQ
access sequence only.

In the MZone, a BW REQ tile is defined as 6 contiguous subcarriers by 6 OFDM symbols. Each BW REQ
channel consists of 3 distributed BW-REQ tiles. Each BW REQ tile carries a BW REQ access sequence
and a BW REQ message. The AMS may transmit the access sequence only and leave the resources for the
quick access message unused.

CDM allows multiple bandwidth request indicators to be transmitted on the same BW REQ channel. In
addition, multiple BW REQ channels may be allocated per subframe using FDM.

11.9.3 Uplink Inband Control Signaling

Uplink control information can be multiplexed with data on the UL data channels as MAC headers or
MAC control messages. Inband control signaling can contain information such as uplink bandwidth
requests or bandwidth assignment updates.

11.9.4 Mapping of Uplink Control Information to Uplink Control Channels

Information Channel
. UL Fast Feedback Channel
Channel quality feedback UL Sounding Channel
UL Fast Feedback Channel
MIMO feedback UL Sounding Channel
HARQ feedback UL HARQ Feedback Channel
Synchronization UL Ranging Channel
Bandwidth Request Channel
Bandwidth request UL Inband Control Signaling
UL Fast Feedback Channel
E-MBS feedback Common E-MBS Feedback Channel

Table 12: UL Control Channel Mapping

11.10 Power Control

The power control scheme is supported for DL and UL based on the frame structure, DL/UL control
structures, and fractional frequency reuse (FFR).

11.10.1 Downlink Power Control

The ABS should be capable of controlling the transmit power per subframe and per user. With downlink
power control, each user-specific information or control information would be received by the AMS with
the controlled power level. DL Advanced MAP (A-MAP) should be power controlled based on AMS UL
channel quality feedback.

The per pilot tone power and the per data tone power can jointly be adjusted for adaptive downlink power
control. In the case of dedicated pilots this is done on a per user basis and in the case of common pilots this
is done jointly for the users sharing the pilots.

Power Control in DL supports SU-MIMO and MU-MIMO applications.

11.10.2 Uplink Power Control

Uplink power control is supported to compensate the path loss, shadowing, fast fading and implementation
loss. Uplink power control should also be used to control inter-cell and intra-cell interference level. Uplink
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power control is aiming at enhancing the overall system performance and reducing of battery consumption.
Uplink power control consists of two different modes: open-loop power control (OLPC) and closed-loop
power control (CLPC). ABS can transmit necessary information through control channel or message to
AMSs to support uplink power control. The parameters of power control algorithm are optimized on
system-wide basis by the ABS, and broadcasted periodically or trigged by events.

AMS can transmit necessary information through control channel or message to the ABS to support uplink
power control. ABS can exchange necessary information with neighbor ABSs through backbone network to
support uplink power control.

In high mobility scenarios, power control scheme may not be able to compensate the fast fading channel
effect because of the very dynamic changes of the channel response. As a result, the power control is used
to compensate the distance-dependent path loss, shadowing and implementation loss only.

Uplink power control should consider the transmission mode depending on the single- or multi-user
support in the same allocated resource at the same time.

11.10.2.1 Open-loop Power Control (OLPC)

The OLPC compensates the channel variations and implementation loss without frequently interacting with
ABS. The AMS can determine the transmit power based on the transmission parameters sent by the ABS,
uplink channel transmission quality (e.g. indicated as ACK or NACK), downlink channel state information
and interference knowledge obtained from downlink. Mobile stations use uplink open loop power control
applying channel and interference knowledge to operate at optimum power settings.

Open-loop power control could provide a coarse initial power setting of the terminal at the beginning of a
connection.

As for mitigating inter-cell interference, power control may consider serving ABS link target SINR and/or
target Interference to other cells/sectors. In order to achieve target SINR, the serving ABS path-loss can be
fully or partially compensated for a tradeoff between overall system throughput and cell edge performance.
When considering target interference to other cells/sectors, mobile station TX power is controlled to
generate less interference than the target interference levels. The compensation factor and interference
targets for each frequency partition are determined and broadcasted by ABS, with considerations including
FFR pattern, cell loading and etc. More details can be referred to Section 20.3.

11.10.2.2 Closed-loop Power Control (CLPC)

The CLPC compensates channel variation with power control commands from ABS. Base station measures
uplink channel state information and interference information using uplink data and/or control channel
transmissions and sends power control commands to AMSs while minimizing signaling overhead.

According to the power control command from ABS, AMS adjust its UL transmission power.

11.10.2.3 Coupling of Open Loop and Closed Loop Power Control

OLPC and CLPC can be combined into a unified power control procedure that uses both AMS
measurements and ABS corrections for efficient operations. Closed loop power control is active during data
and control channel transmissions. Both CLPC and OLPC could be active during data transmission. AMS
could be in either CLPC or OLPC mode. The AMS could request to change the power control mode from
open-loop to closed-loop and vice versa. The ABS could also send the unsolicited power control mode
change command to the AMS.

11.11 Link Adaptation

This section introduces the link adaptation schemes which will adaptively adjust radio link transmission
formats in response to change of radio channel for both downlink and uplink.
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11.11.1 Downlink Link Adaptation

11.11.1.1 Adaptive Modulation and Channel Coding Scheme

IEEE 802.16m supports the adaptive modulation and channel coding (AMC) scheme for DL transmission.
The serving ABS can adapt the modulation and coding scheme (MCS) level based on the DL channel
quality indicator (CQI) reported from AMS. DL control channel transmit power should also be adapted
based on DL channel quality indicator (CQI) reported from AMS.

11.11.2 Uplink Link Adaptation

11.11.2.1 Adaptive Modulation and Channel Coding Scheme

IEEE 802.16m supports the adaptive modulation and channel coding (AMC) scheme for UL transmission.
The serving ABS can adapt the modulation and coding scheme (MCS) level based on the UL channel
quality estimation and the maximum transmission power by AMS. Note that the UL AMC may be
integrated with UL power control and interference mitigation schemes to further achieve higher spectral
efficiency. UL control channel (excluding initial ranging channel) transmit power should also be adapted
based on UL power control.

11.11.3 Transmission Format

IEEE 802.16m system should support the transmission format used in WirelessMAN OFDMA reference
system for the purpose of legacy support. IEEE 802.16m can have transmission format independent of
legacy transmission format.

11.12 Uplink MIMO Transmission Scheme

11.12.1 Uplink MIMO Architecture and Data Processing
The architecture of uplink MIMO on the transmitter side is illustrated in Figure 77.
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Figure 77 : UL MIMO Architecture

The MIMO Encoder block maps a single layer (L=1) layers onto Mt (Mt >L) streams, which are fed to the
Precoder block. A layer is defined as a coding and modulation path fed to the MIMO encoder as an input.
A stream is defined as an output of the MIMO encoder which is passed to the precoder.

For SU-MIMO and Collaborative spatial multiplexing, only one FEC block exists in the allocated RU
(vertical MIMO encoding at transmit side).
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The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according
to the selected MIMO mode.

The MIMO encoder and precoder blocks are omitted when the AMS has one transmit antenna.

Decisions with regards to each resource allocation include:
o Allocation type: Whether the allocation should be transmitted with a distributed or localized
allocation

e Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a
single user or more than one user

¢  MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for
the user(s) assigned to the resource allocation.

e User grouping: For MU-MIMO, which users are allocated to the resource allocation

e Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the
user allocated to the resource allocation.

e MCS level per layer: The modulation and coding rate to be used on each layer.
e Boosting: The power boosting values to be used on the data and pilot subcarriers.

e Band selection: The location of the localized resource allocation in the frequency band.

11.12.1.1 Antenna Configuration

The antenna configurations are denoted by (Nt, Ng) where Nt denotes the number of AMS transmit
antennas and Ny denotes the number of ABS receive antennas. Antenna configurations of Nt = 1, 2, or 4
and Ng > 2 are supported.

11.12.1.2 Layer to Stream Mapping

There are two MIMO encoder formats (MEF) on the uplink:
- Space-frequency block coding (SFBC)
- Vertical encoding (VE)

Uplink SU-MIMO transmit processing is the same as on the downlink as described in Section 11.8.1.2.
Uplink MU-MIMO is performed by transmit processing with vertical encoding at each AMS.

The number of streams depends on the MIMO encoder as follows:

- For open-loop and closed-loop spatial multiplexing SU-MIMO, the number of streams is
Mmin(Nt,NR), where My is no more than 4. Nt and Ny are the number of transmit antennas at the
AMS and the number of receive antennas at the ABS.

- For open-loop transmit diversity, M; depends on the space-time coding scheme employed by the
MIMO encoder.

- MU-MIMO can have up to 4 streams. The number of streams allocated to one user is not limited to 1.
SFBC encoding is not allowed at the AMS with uplink MU-MIMO transmissions.

11.12.1.3 Stream to Antenna Mapping
There is no precoding if there is only one transmit antenna at the AMS.

Non-adaptive precoding and adaptive precoding are supported on the uplink:
- Non-adaptive precoding is used with OL SU MIMO and OL MU MIMO modes.
- Adaptive precoding is used with CL SU MIMO and CL MU MIMO modes.

For non-adaptive precoding on a given subcarrier k, the matrix Wk is selected from a predefined unitary
codebook. Wk changes every u-PSC subcarriers and every Vv subframes, in order to provide additional
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spatial diversity. The values of u and v depend on the MIMO scheme and type of resource unit.

For adaptive precoding, the precoder W is derived at the ABS or at the AMS, as instructed by the ABS.
With 2Tx or 4Tx at the AMS in FDD and TDD systems, unitary codebook based adaptive precoding is
supported. In this mode, a AMS transmits a sounding signal on the uplink to assist the precoder selection at
the ABS. The ABS then signals the uplink precoding matrix index to be used by the AMS in the downlink
control message. With 2Tx or 4Tx at the AMS in TDD systems, adaptive precoding based on the
measurements of downlink reference signals is supported. The AMS chooses the precoder based on the
downlink measurements. The form and derivation of the precoding matrix does not need to be known at the
ABS.

In uplink SU-MIMO and MU-MIMO, all demodulation pilots are precoded in the same way as the data
regardless of the number of transmit antennas, allocation type and MIMO transmission mode.

11.12.2 Transmission for Data Channels

11.12.2.1 Uplink MIMO Modes
There are five MIMO transmission modes for unicast UL MIMO transmission as listed in Table 13

Mode index Description MIMO encoding MIMO precoding
format (MEF)

Mode 0 OL SU-MIMO SFBC non-adaptive

Mode 1 OL SU-MIMO (SM) Vertical encoding non-adaptive

Mode 2 CL SU-MIMO (SM) Vertical encoding adaptive

Mode 3 OL Collaborative spatial Vertical encoding non-adaptive
multiplexing (MU-MIMO)

Mode 4 CL Collaborative spatial Vertical encoding adaptive
multiplexing (MU-MIMO)

Table 13: Uplink MIMO modes
The allowed values of the parameters for each UL MIMO mode are listed in Table 14.

Number of STC rate Numfber Number of | Number
transmit antennas | per layer ° subcarriers | of layers
streams
Ny R M, N L
2 1 2 2 1
MIMO mode 0 2 1 > 7 1
MIMO mode 1 1 1 1 1 1
2 1 1 1 1
2 2 2 1 1
MIMO mode 1 and 4 1 1 1 1
MIMO mode 2 4 2 2 1 1
4 3 3 1 1
4 4 4 1 1
1 1 1 1 1
2 1 1 1 1
MIMO mode 3 and 2 2 2 1 1
MIMO mode 4 4 1 1 1 1
4 2 2 1 1
4 3 3 1 1

Table 14: Uplink MIMO Parameters

M; refers to the number of streams transmitted by one AMS.
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In modes 3 and 4, N; refers to the number of transmit antennas at one AMS involved in CSM.

All MIMO modes and MIMO schemes are supported in either Distributed or Localized resource mapping.
Table 15 shows the permutations supported for each MIMO mode. The definition of tile based DRU, mini-
band based CRU, and subband based CRU are in 15.3.8.

- Mini-band based CRU
Tile based DRU Mini-band based CRU Sub-band based CRU
(diversity allocation) - -

(localized allocation)

MIMO mode 0 Yes Yes No
MIMO mode 1 Yes, with M2 Yes Yes
MIMO mode 2 Yes, with M2 Yes Yes
MIMO mode 3 Yes, with M=1 Yes Yes
MIMO mode 4 Yes, with M=1 Yes Yes

Table 15: Supported permutation for each Uplink MIMO mode

11.12.2.2 Single-user MIMO (SU-MIMO)

SU-MIMO schemes are used to improve the link performance in the uplink, by providing robust
transmission with spatial diversity, or large spatial multiplexing gain and peak data rate to a single AMS, or
beamforming gain.

Both open-loop SU-MIMO and closed-loop SU-MIMO are supported for the antenna configurations
specified in Section 11.12.1.1. Both spatial multiplexing and transmit diversity schemes are supported with
open-loop SU-MIMO. Transmit precoding and beamforming are supported with closed-loop SU-MIMO.

11.12.2.3 Multi-user MIMO (MU-MIMO)

Uplink MU-MIMO is supported to enable spatially multiplexing of multiple AMSs on the same radio
resources (e.g. the same time and the same frequency allocation) for uplink transmission.

11.12.2.3.1 Open-loop MU-MIMO

AMSs with a single transmit antenna are supported in open-loop MU-MIMO transmissions.

AMSs with multiple transmit antennas are also supported in open-loop MU-MIMO transmissions. Uplink
open-loop SU-MIMO spatial multiplexing modes of all rates, and transmit diversity mode with rank 1, are

supported in open loop MU-MIMO for AMSs with more than one transmit antenna. In this case, non-
adaptive precoding is performed at the AMS. SFBC is not supported with OL MU MIMO transmissions.

The ABS is responsible for scheduling users and the number of transmitted streams such that it can
appropriately decode the received signals according to the number of transmitted streams and the number
of receive antennas. The total number of transmitted streams does not exceed the number of receive
antennas at the ABS.

11.12.2.3.2 Closed-loop MU-MIMO

Unitary codebook based precoding is supported for both TDD and FDD. In this case, the AMS follows
indication of PMI from the ABS in a downlink control channel and perform codebook based precoding.

Downlink pilot based precoding is supported in TDD systems. In this case, the precoder may be vendor-
dependent.

11.12.2.3.3 Feedback and Control Signaling Support for SU-MIMO and MU-MIMO
Channel state information may be obtained in TDD and FDD by the following methods:

- Downlink reference signals. These reference signals support measurements at the AMS of the
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channel from the physical antennas of the ABS.

- A downlink control channel may carry information computed based on uplink reference signals.
Such information can include but is not limited to MIMO mode and PMI.

The ABS may transmit some or all of the following uplink MIMO transmission parameters: rank, sub-band
selection, MCS, packet size, PMI. The uplink MIMO transmission parameters may be transmitted via a
physical layer control channel or via a higher layer signaling message.

A unique codebook supports both CL SU MIMO and CL MU MIMO codebook-based transmissions.

In FDD systems and TDD systems, a mobile station may transmit a sounding signal to assist the operation
of uplink CL SU-MIMO and CL MU-MIMO.

11.13 Channel Coding and HARQ
11.13.1 Channel Coding

11.13.1.1 Block Diagram

Figure 78_shows the channel coding and modulation procedures. The following sections provide more
details on the coding and modulation procedures in the IEEE 802.16m transmit chain.

FEC . .
Burst Burst el FEC Bit selection
—» CRC —» urst |y Randomization ——» > & Collection —» Modulation —»
o partition CRC encoder .
Addition Addition Repetition

Figure 78 : Channel Coding Procedure

11.13.1.2 Partition into FEC Blocks

A burst CRC is appended to a burst before the burst is further processed by burst partition. The 16-bit burst
CRC is calculated based on all the bits in the burst. When the burst size including burst CRC exceeds the
maximum FEC block size, the burst is partitioned into Krg FEC blocks, each of which is encoded
separately. If a burst is partitioned into more than one FEC blocks, an FEC block CRC is appended to each
FEC block before the FEC encoding. The FEC block CRC of an FEC block is calculated based on all the
bits in that FEC block. Each partitioned FEC block including 16-bit FEC block CRC has same length. The
maximum FEC block size is 4800 bits. Concatenation rules are based on the number of information bits
and do not depend on the structure of the resource allocation (number of LRUs and their size).

11.13.1.3 FEC Encoding

IEEE 802.16m uses the CTC (convolutional turbo code) of code rate 1/3 defined in the IEEE Std 802.16-
2009 standard for data bursts. The structure of the IEEE Std 802.16-2009 CTC interleaver is maintained.
Other coding schemes such as CC and LDPC may be used.

The FEC encoder block depicted in Figure 78 includes sub-block interleavers. The structure of the IEEE
Std 802.16-2009 sub-block interleaver is maintained.

11.13.1.4 Bit Selection and Repetition

Bit selection and repetition are used in IEEE 802.16m to achieve rate matching. Bit selection adapts the
number of coded bits to the size of the resource allocation (in QAM symbols) which may vary depending
on the LRU and subframe type. The total subcarriers in the allocated LRU are segmented to each FEC
block. Mother Code Bits, the total number of information and parity bits generated by FEC encoder, are
considered as a maximum size of circular buffer. In case that the size of the circular buffer Npyser is smaller
than the number of Mother Code Bits, the first Nyyer bits of Mother Code Bits are considered as selected
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bits. Repetition is performed when the number of transmitted bits is larger than the number of selected bits.

The selection of coded bits is done cyclically over the buffer.

11.13.1.5 Modulation

Modulation constellations of QPSK, 16 QAM, and 64 QAM are supported as defined for the WirelessMAN
OFDMA reference system. The mapping of bits to the constellation point depends on the constellation-
rearrangement (CoRe) version used for HARQ re-transmission as described in Section 11.13.2.2 and

IEEE 802.16m-09/003412

depends on the MIMO stream. QAM Symbols are mapped to the input of the MIMO encoder.

11.13.1.6 Modulation and Coding Set

Only the burst size Npg listed in Table 16 are supported in the physical layer. The sizes include the addition
of CRC (per burst and per FEC block) when application. Other sizes require padding to the next burst size.

The code rate and modulation depend on the burst size and the resource allocation.

idx (g‘yﬁg) Kes idx (b'\'yf;g) Kes idx (b'\'yf;g) Kes
1 6 1 23 90 1 45 1200 2
2 8 1 24 100 1 46 1416 3
3 9 1 25 114 1 47 1584 3
4 10 1 26 128 1 48 1800 3
5 11 1 27 145 1 49 1888 4
6 12 1 28 164 1 50 2112 4
7 13 1 29 181 1 51 2400 4
8 15 1 30 205 1 52 2640 5
9 17 1 31 233 1 53 3000 5
10 19 1 32 262 1 54 3600 6
11 22 1 33 291 1 55 4200 7
12 25 1 34 328 1 56 4800 8
13 27 1 35 368 1 57 5400 9
14 31 1 36 416 1 58 6000 10
15 36 1 37 472 1 59 6600 11
16 40 1 38 528 1 60 7200 12
17 44 1 39 600 1 61 7800 13
18 50 1 40 656 2 62 8400 14
19 57 1 41 736 2 63 9600 16
20 64 1 42 832 2 64 10800 18
21 71 1 43 944 2 65 12000 20
22 80 1 44 1056 2 66 14400 24

Table 16: Burst sizes
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11.13.2 HARQ

11.13.2.1 HARQ Type

Incremental redundancy Hybrid-ARQ (HARQ IR) is used in 802.16m by determining the starting position
of the bit selection for HARQ retransmissions. Chase Combining is supported and treated as a special case
of IR. The 2-bit SPID is used to indicate the starting position.

11.13.2.2 Constellation Re-arrangement

Constellation re-arrangement (CoRe) is supported in IEEE 802.16m. The CoRe can be expressed by a bit-
level interleaver within a tone. Two CoRe versions are supported.

11.13.2.3 Adaptive HARQ

The resource allocation and transmission formats in each retransmission in the downlink can be adaptive
according to control signaling. The resource allocation in each retransmission in the uplink can be fixed or
adaptive according to control signaling.

11.13.2.4 Exploitation of Frequency Diversity

In HARQ re-transmissions, the bits or symbols can be transmitted in a different order to exploit the
frequency diversity of the channel.

11.13.2.5 MIMO HARQ

For HARQ retransmission, the mapping of bits or modulated symbols to spatial streams may be applied to
exploit spatial diversity with given mapping pattern, depending on the type of HARQ IR. In this case, the
predefined set of mapping patterns should be known to both transmitter and receiver.

11.13.2.6 Aggressive HARQ Transmission
In DL HARQ, the ABS may transmit coded bits exceeding current available soft buffer capacity.

11.13.2.7 ARQ Feedback
IEEE 802.16m supports a basic ACK/NACK channel to transmit 1-bit feedback.

12 Support for Location Based Services

The IEEE 802.16m system supports MAC and PHY features needed for accurate and fast estimation and
reporting of AMS location. Such location capabilities defined in IEEE 802.16m when combined with
appropriate network level support allows enhanced location based services as well as emergency location
services, such as E911calls.

In addition to native location capabilities the system also supports additional timing and frequency
parameters needed to assist GPS or similar satellite based location solutions.

12.1 Location Based Services Overview

Location determination can be made by either:
e AMS managed location, in which the mobile measures, calculates and uses the location
information with minimal interaction with the network
e Network managed location, in which the location is determined by the network and the network
reports the location to requesting entities. The location process may be triggered by the network or
the application on the AMS.

IEEE 802.16m supports basic MAC and PHY features to support both use cases, with or without use of
GPS or equivalent satellite based location solution.

The service can be provided to:
e The end user providing the AMS with value added services
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o External emergency or lawful interception services.
o The network operator using the location information for network operation and optimization

IEEE 802.16m system entities will support LBS applications by providing them with:
e Relevant measurements, periodic or event driven
e Resources (time and frequency slots) to perform the relevant measurements
e Communication channels (unicast and broadcast), as allocated to higher layer applications of any

type.

It should be emphasized that the actual implementation of the LBS application or method of location
determination is out of the scope of IEEE 802.16m.

In order to enhance location based service, AMS should send report location-related information which
includes the location information or the measurement for determining location in response to the request of
ABS . In addition, LBS is supported for AMS in connected state as well as idle state. For the connected
state, AMS can report location information when it is needed. For the idle state, AMS should perform
network re-entry to report location information when it is needed.

The AMS positioning is performed by using measurement methods, such as TDOA, TOA, AOA, and etc.,
whose relevant location-related parameters may include cell-ID, RSSI, CINR, RD, RTD, angle, and Spatial
Channel Information. These parameters are exchanged between the AMS and its serving/attached or/and
neighboring ABSs/ARSs. The measurements of these parameters are extracted by processing DL and/or
UL signals at the AMS and ABSs, respectively. Positioning algorithms that depend on such measurements
have certain performance tradeoffs in terms of positioning accuracy, latency, and signaling overhead. Two
or more measurements can be utilized to provide higher accuracy estimate of the AMS position.

12.1.1  LBS Network Reference Model

LBS architecture is a functional model consistent with the WiMAX network reference model (NRM) in [8].
LBS architecture is shown in Figure 79. The architecture has support for

. Both periodic and event based location information services

. Both user initiated and network initiated location procedure with the same functional
decomposition

. Basic cell/sector based location information services

. Enhanced sub-sector location based on mobile based or network based calculation

. GPS capability detection and utilization when supported by the AMS

The end to end LBS system architecture is out of the scope of IEEE 802.16m. However the standard
supports underlying MAC and PHY features to allow location related measurement and signaling both in
the control plane and in the user plane.
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Figure 79: LBS Network Reference Model

12.1.2 LBS Applications

A user is subscribed to a set of LBS applications. Applications differ by the type of service they provide,
the location determination technique they use, and where the LBS system elements reside. An LBS
application is defined by the following:

1. List of subscribed AMSs.

2. Type of 802.16m PHY measurements Also by the measurement update rate and triggering
event.

3. communication channels it needs (unicast downlink and/or uplink, multicast or broadcast)

4. QoS requirement (priority, data rate, latency) for each requested uplink and downlink channel.

12.2  Location Determination Methods for LBS

12.2.1 GPS-Based Method

An AMS, which is equipped with GPS capability can utilize IEEE 802.16m MAC and PHY features to
estimate its location when GPS is not available, e.g. indoors.

12.2.1.1  Assisted GPS (A-GPS) Method

Assisted GPS (A-GPS), consisting of the integrated GPS receiver and network components, assists a GPS
device to speed up GPS receiver “cold startup” procedure. In order to achieve this goal, the ABS provides
the IEEE 802.16m AMS with the GPS Almanac and Ephemeris information downloaded from the GPS
satellites. By having accurate, surveyed coordinates for the cell site towers, the ABS can also provide better
knowledge of ionospheric conditions and other errors affecting the GPS signal than the device alone,
enabling more precise calculation of position.

12.2.2 Non-GPS-Based Method

Non-GPS-Based methods rely on the role of the serving and neighboring ABSs/ARSs. LBS related
measurements may be supported in the DL and UL as follows.

a) Location Measurements in Downlink

In DL, the AMS receives signals which are existing signals (e.g. preamble sequence) or new signals
designed specifically for the LBS measurements, if it is needed to meet the requirement from the
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serving/attached ABS and multiple neighboring ABSs/ARSs. The ABSs/ARSs are able to coordinate
transmission of their sequences using different time slots or different OFDM sub-carriers.

b) Location Measurements in Uplink
Various approaches can be utilized at the serving/attached ABS/ARS to locate the AMS such as TOA and
AOA. These measurements are supported via existing UL transmissions (e.g. ranging sequence) or new
signals designed specifically for the LBS measurements.

The ARSs support a set of PHY and MAC features to assist serving ABS in LBS and may be used in
cooperation with serving ABS and other ARS to make LBS measurements. In addition to TDOA
measurements the ARSs support Round Trip Delay(RTD)/Time of arrival (TOA) measurements using DL
and UL frame resources, which may be designated for to LBS purposes. Optionally ARSs may perform
AOA measurements.

12.2.3 Hybrid Methods

Hybrid method combines at least two kinds of measurement methods to perform location estimation.
Furthermore, GPS can combine with non-GPS-based schemes, such as TDOA and AOA, to provide
accurate location estimation in different environments.

For the combination methods, measurement-based scheme, such as TDOA and TOA, can be consolidated
to estimate AMS’s position. The measurement can be executed by the different trigger modes, such as pre-
request, periodic, and event-trigger, to meet the requirements of different LBS applications.

12.2.3.1 AMS Assisted Positioning

Hybrid method may be implemented by combination of measurement-based methods or AMS assisted
positioning method.

For AMS assisted positioning method, the GPS position (if capable) and ranging signal measurements
reported from assisting AMSs, and ranging signal measurements at ABSs (such as TDOA and AOA) are
utilized to determine the location of a positioned AMS. AMS assisted positioning is optional for AMS. An
AMS capable of participating as an assisting AMS should signal the capability to ABS. A GPS capable
AMS assisting ABS to locate the non-GPS AMS’s is disabled by default.

12.3  Reporting Methods for LBS
For E911 services, the AMS location can be reported to ABS through UL inband signaling.

12.3.1 Reporting Types

According to the measurement methods of LBS, some location information or some LBS measurement
parameters such as CINR/RSSI/RD/RTD/Angle are transmitted to the ABS to measure the location.

12.3.2 Reporting Mode

An AMS supported LBS reports location information if any of following location information reporting
condition is met.

-Timer based location information reporting

-Threshold based location information reporting

An LBS-capable AMS should support the following reporting modes: per-request, periodic, and event-
triggered reporting modes. The event-triggered reporting mode is a variation of the periodic reporting mode
with reporting criteria, such as a moving distance threshold and updated timer expiration. For example, the
AMS will report the location when the distance between the current location and the last reported location
beyond the “moving distance threshold”.
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12.4 LBS Operation

IEEE 802.16m utilizes protocols carried in user plane for transferring location information (e.g. GPS
assistance, position information, WiMAX measurements) between an AMS and the location server. IEEE
802.16m may utilize a service flow, with needed QoS, for transferring location information.

1241  Connected State
The system should be able to locate the mobile when in connected state.

For connected state, LBS can be initiated by the ABS or the AMS. LBS message contains some LBS
information, which may include identifier of the AMS, and indicator of LBS measurement method.
Indicator of LBS measurement is used to instruct the ABS and/or the AMS to perform LBS measurement
and report location information.

12.4.2 Idle State

The system should be able to locate the mobile when in idle state. The ABS may use paging or other
network initiated multicast signaling to initiate a location process on the AMS.

The AMS in idle mode can receive a paging message which may include identifier of the AMS and
indicator for LBS measurement method. AMS should perform network re-entry and LBS measurement
with attached ABS and neighbor ABSs. When AMS gets LBS measurement parameters, AMS may report
them as location information to attached ABS.

13 Support for Enhanced Multicast Broadcast Service

13.1 General Concepts

Enhanced multicast and broadcast services (E-MBS) are point-to-multipoint communication systems where
data packets are transmitted simultaneously from a single source to multiple destinations. The term
broadcast refers to the ability to deliver contents to all users. Multicast, on the other hand, refers to contents
that are directed to a specific group of users that have the associated subscription for receiving such
services.

Both Static and Dynamic Multicast are supported.

The E-MBS content is transmitted over an area identified as a zone. An E-MBS zone is a collection of one
or more ABSs transmitting the same content. The contents are identified by the same identifiers (IDs). Each
ABS capable of E-MBS service can belong to one or more E-MBS zones. Each E-MBS Zone is identified
by a unique E-MBS Zone ID.

An AMS can continue to receive the E-MBS within the E-MBS zone in Connected State or Idle State. The
definitions of E-MBS service area and E-MBS region are being studied.

An ABS may provide E-MBS services belonging to different E-MBS zones (i.e. the ABS locates in the
overlapping E-MBS zone area).

E-MBS data bursts may be transmitted in terms of several sub-packets, and these sub-packets may be
transmitted in different subframe and to allow AMSs combining but without any acknowledgement from
AMSs.

AMSs in an E-MBS zone are allocated a common Multicast STID (MSTID).

13.1.1  Relationship to Basic MBS in Reference System

The basic concepts and procedures in E-MBS are consistent with MBS definitions in the IEEE Std 802.16-
2009, however, the concepts have been adapted to the new MAC and PHY structure.

127





2009-09-24 IEEE 802.16m-09/003412

E-MBS refers to a data service offered on multicast connection using specific MBS features in MAC and
PHY to improve performance and operation in power saving modes. An ABS may allocate simple
multicast connections without using E-MBS features.

13.2 E-MBS Transmission Modes

Two types of access to E-MBS may be supported: single-ABS access and multi-ABS access. The single-
ABS access is implemented over multicast and broadcast transport connections within one ABS, whereas
multi-ABS access is implemented by transmitting data from service flow(s) over multiple ABSs. The E-
MBS content PDUs are transmitted by all ABSs in the same E-MBS zone. That transmission is supported
either in the non-macro diversity mode or macro diversity mode. An E-MBS zone may be formed by only
one ABS. The AMS may support both single-ABS and multi-ABS access. E-MBS service may be delivered
via either a dedicated carrier or a mixed unicast-broadcast carrier.

13.2.1  Non-Macro Diversity Support

Non-macro diversity support is provided by frame level coordination in which the transmission of data
across ABSs in an E-MBS Zone is not synchronized at the symbol level. However, such transmissions are
coordinated to be in the same frame. This MBS transmission mode is supported when macro-diversity is
not feasible.

13.2.2  Macro Diversity Support

The macro diversity operating mode for E-MBS is as a wide-area multi-cell multicast broadcast single
frequency network (MBSFN). A single-frequency network (SFN) operation can be realized for broadcast
traffic transmitted using OFDMA from multiple cells with timing errors within the cyclic prefix length. An
MBS zone with SFN is illustrated in Figure 80.

Figure 80: A single frequency network where multiple ABSs transmit the same content.

The transmission of data across ABSs in a multi-ABS E-MBS Zone is synchronized at the symbol level
allowing macro-diversity combining of signals and higher cell edge performance. It requires the multiple
ABS participating in the same Multi-ABS-MBS service to be synchronized in the transmissions of common
multicast/broadcast data. Each ABS transmits the same PDUs, using the same transmission mechanism
(symbol, subchannel, modulation, and etc.) at the same time.
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13.3 E-MBS Operation

13.3.1 E-MBS Operation in Connected State
Details on E-MBS Operation in Connected State are being studied.

13.3.2  E-MBS Operation in Idle State

An idle AMS is notified for the commencement of a certain E-MBS service the AMS has subscribed to
including emergency broadcast. Not all E-MBS services require notification.
Details on E-MBS Operation in Idle State are being studied.

13.3.3  E-MBS Operation with Retransmission

The use of HARQ (retransmissions) with E-MBS operation is FFS. An ABS may use a network-coding
based retransmission scheme that does not require a feedback channel. Other schemes requiring feedback
channels are being studied.

13.3.4  E-MBS Operation with Link Adaptation
The use of link adaptation in E-MBS operation is being studied.

13.4  E-MBS Protocol Features and Functions
13.4.1 E-MBS PHY Support

13.4.1.1 Multiplexing of Unicast Data and E-MBS Data

IEEE 802.16m supports E-MBS data multiplexing on a mixed carrier, using both TDM and FDM
multiplexing schemes for unicast and E-MBS traffic. When the E-MBS data is time division multiplexed
with unicast data, the E-MBS and unicast data are carried in different subframes. When the E-MBS data is
frequency division multiplexed with unicast data, the PRU resources in units of N2 PRUs are partitioned
into two sets; one meant for unicast data and the other for E-MBS data. Following time or frequency
division multiplexing of the unicast of E-MBS data, the subchannelization of unicast and E-MBS data is
done independently.

13.4.1.2 Enhanced Schemes

13.4.1.3 Frame and Control Channel Structure

In unicast/multicast mixed carrier, E-MBS uses the same frame structure used for unicast carrier. The E-
MBS data is multiplexed with Unicast traffic. The S-SFH indicates E-MBS region which may span over
multiple subframes for each E-MBS zone. If a superframe contains E-MBS subframes, E-MBS subframes
are allocated with fixed pattern within superframe. The pattern may vary between superframes. Figure 81
illustrates the frame structure when E-MBS subframes are present in superframes.
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Figure 81: Illustration for E-MBS support in mixed broadcast/unicast carrier

For unicast/multicast mixed carrier, the control channel design to support E-MBS is as follows
« S-SFH
—  Provides pointers to help AMS find the location of the E-MBS MAP.

+  E-MBS MAP (E-MBS Service Control Channel)
Indicates physical layer parameters of E-MBS data channels for each service using joint
coding.
— E-MBS MAP is transmitted at the beginning of E MBS resource during one E-MBS
scheduling interval.
— The E-MBS MAP can point to burst locations up to N superframes ahead within the E-
MBS scheduling interval.

13.4.2 E-MBS MAC Support

13.4.2.1 E-MBS Zone Configuration

Each E-MBS zone is assigned a unique zone ID. All the ABSs in an E-MBS zone broadcast the same E-
MBS zone ID. If an ABS belongs to several E-MBS zones, it broadcasts the entire set of zone IDs with
which it is associated. Multiple E-MBS zones or multiple E-MBS services of one E-MBS zone may be
configured on one or more carriers in the multi-carrier deployments.

13.4.2.2 E-MBS Scheduling Interval

The E-MBS scheduling interval can span several superframes. The length of the E-MBS scheduling
interval may be constrained by the required channel switching times. For each E-MBS Zone there is an E-
MBS Scheduling Interval (MSI), which refers to a number of successive frames for which the access
network may schedule traffic for the streams associated with the E-MBS Zone prior to the start of the
interval. The length of this interval depends on the particular use case of E-MBS. E-MBS MAP addresses
the mapping of E-MBS data associated with an E-MBS Zone for the entire MSI. The E-MBS MAP
message is structured such that it may be used to efficiently define multiple transmission instances for a
given stream within an MSI.

13.4.2.3 Mapping of E-MBS Data for Power Saving

An AMS decodes only the E-MBS data bursts associated with user selected content. The AMS wakes up in
each E-MBS scheduling interval in order to check whether there is data to be decoded. To facilitate power
saving mechanism, the ABS includes an indication of the next E-MBS data transmission (e.g. in the S-SFH
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or through the E-MBS MAP). This results in the maximum power saving in E-MBS service. After
decoding the E-MBS data bursts, the AMS returns to sleep mode (see Figure 82).

< E-MBS Scheduling Interval >
EMBS MAP <«————0One Radio Frame————»<¢————0ne Radio Frame———>» EMBS MAP <———0ne Radio Frame————»
\‘ |
EMBS “‘
Broadcast
X »
| |
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< E-MBS Scheduling Interval >

Figure 82: Illustration of E-MBS power saving

13.4.2.4 E-MBS Mobility Management

When an AMS moves across the E-MBS zone boundaries, it can continue to receive E-MBS data from the
ABS in Connected State or Idle State. In Connected State, the AMS performs handover procedure for E-
MBS.

During E-MBS zone transition in Idle State, the AMS may transit to Connected State to perform handover
or it may initiate E-MBS location update process for the purpose of E-MBS zone transition unless the AMS
already has the MSTID mappings in the target E-MBS zone.

13.43 E-MBS CS Layer Support
13.4.3.1 Header Compression

13.4.3.2 Forward Error Correction

The Convergence Sublayer provides forward error correction (FEC), which complements the FEC provided
by the PHY layer. The FEC provided by the convergence sublayer takes advantage of extended time
diversity and deeper interleaving in order to achieve adequate IP packet error rates.

13.5 E-MBS Transmission on Dedicated Broadcast Carriers

The E-MBS traffic could be transmitted in a dedicated carrier, or a unicast/E-MBS mixed carrier.

13.5.1 Deployment Mode for E-MBS Transmission on Dedicated Broadcast Carrier
IEEE 802.16m system may designate the carriers for E-MBS only.

13.5.2 E-MBS Dedicated Carrier

E-MBS data can be transmitted in broadcast only carrier. In this case a fully configured unicast or
unicast/E-MBS mixed carrier could be used to provide signaling support needed for service initiation, and
additions and terminations as well as other service and security related exchanges between the AMS and
the ABS or the E-MBS servers in the network. The Broadcast Only carrier, may be transmitted at higher
power and be optimized for improve performance.
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The multi-carrier AMS which is capable of processing multiple radio carriers at the same time may perform
normal data communication at one carrier while receiving E-MBS data over another carrier. It may also
receive multiple E-MBS streams from multiple carriers simultaneously.

Transmission of indications to all AMSs or those in the same paging Group on the E-MBS Dedicated
Carrier is being studied.

Broadcast
Optimized Unicast/Mixed
Carrier RFC3 Carrier
Unicast/Mixed (Primary)

Carrier

Mixed Carrier
Combined with
Dedicated Broadcast

Only Carriers | UnicastMixed
Carrier
(Primary)
RFC1

Figure 83: E-MBS deployment with broadcast only and mixed carrier

13.5.2.1 Channel Coding
IEEE 802.16m supports FEC with large block size in E-MBS. The use of LDPC is being studied.

13.6  Reusing E-MBS Transmission in IEEE Std 802.16-2009 Zones or Carriers

The E-MBS content which is transmitted to R1 MSs can be accessed by IEEE 802.16m AMSs operating on
the same or a different carrier.

The E-MBS control signaling in the ABS indicates the availability of the service as well as contents. If the
MBS content is also being transmitted to IEEE Std 802.16-2009 AMSs in an E-MBS zone, the ABS may
direct the AMS to the IEEE Std 802.16-2009 zone in the same carrier or other carriers if supported by the
AMS.

The information provided by the ABS should be sufficient for the AMS to synchronize with the E-MBS
data transmissions in a timely manner. E-MBS connection setup and updates for AMSs may be performed
using E-MBS control signaling in IEEE 802.16m. AMSs in the IEEE Std 802.16-2009 zone use the
connection setup mechanisms in the reference system.

14 Support for Multi-Hop Relay

14.1 Relay Model

The relay models describe the modes of relay operation supported in IEEE 802.16m. Relaying is performed
using a decode and forward paradigm. The ABS and ARSs deployed within a sector operate using either
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time division duplexing (TDD) or frequency division duplexing (FDD) of DL and UL transmissions. An
ARS operates in time-division transmit and receive (TTR) relaying mode mode.

ARSs may operate in transparent or non-transparent mode. Transparent relay is limited to the scenario
where the superordinate station is a non-transparent ARS or an ABS. The ABS can support the co-existence
of the transparent and the non-transparent ARSs.

Cooperative relaying is a technique whereby either the ABS and one or more ARSs, or multiple ARSs
cooperatively transmit or receive data to/from one subordinate station or multiple subordinate stations.
Cooperative relaying may also enable multiple transmitting/receiving stations to partner in sharing their
antennas to create a virtual antenna array.

ARS may transmit data to the super-ordinate and sub-ordinate station(s) using the same LRU (e.g., MIMO,
network coding, etc)

14.1.1  Zone Configuration for Supporting Transparent Relay

In the transparent ARS frame, the DL Receive Zone is located at the beginning of DL subframes, which is
followed by the DL Access Zone, and UL zone configuration is the same as non-transparent ARS case. The
DL subframes in the superordinate station of a transparent ARS, e.g., ABS or non-transparent ARS, starts
with the DL Transmit Zone.

14.2  Scheduling Model

An ARS operates in distributed or centralized scheduling. When an ABS is configured to operate in
centralized scheduling, the ABS schedules all radio resources in its cell. In distributed scheduling, each
station (ABS or ARS) schedules the radio resources on its subordinate link within the radio resources
assigned by the ABS. The ABS may exercise additional control over the scheduling of its ARSs.

14.3  Security Model

The ARS operates in centralized or distributed security mode.
14.4  Data and Control Functions

14.41  Relay Station State Diagram

The Figure 84 illustrates the Relay Station state transition diagram for an ARS. The diagram consists of
three states, Initialization State, Access State, and Operational State.

Power On/Off Ll Power Down

by

Initialization State

- AcCesS State | e———]e- Operational State

t !

Figure 84: State Transition Diagram of IEEE 802.16m Relay Station
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14.4.1.1 Initialization State

In the initialization state, the ARS performs cell selection by scanning and synchronizing to an ABS or ARS
A-PREAMBLE, and acquiring the system configuration information through SFH before entering Access
State. During this state, if the ARS cannot properly perform the SFH information decoding and cell
selection, it should return to perform scanning and DL synchronization. If the ARS successfully decodes
SFH information and selects one target ABS or ARS, it transits to the Access State.

Power On/Off

Y

Initialization State

From Access State
Scanning and DL or Operational State
Synchronization
(A-Preamble
Detection)

v ¢

Broadcasjt Channel To Access State
Acquisition -

Access Station
Selection Decision

Figure 85: Procedures in the Initialization State of IEEE 802.16m Relay

14.4.1.2 Access State

The ARS performs network entry with the target ABS while in the Access state. Network entry is a multi
step process consisting of ranging and UL synchronization, basic capability negotiation, authentication
authorization, key exchange, capability exchange and registration with the serving ABS, neighbor station
measurement & access station selection (optional), and ARS operation parameters configuration. The ARS
receives its Station ID and transitions to the Operational state. Upon failure to complete any one of the
steps of network entry the ARS transitions to the Initialization state.
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Figure 86: Procedures in the Access State of IEEE 802.16m Relay

14.4.1.3 Operational State

During Operational State, the ARS performs tasks that are required to relay the DL/UL traffic transaction
between the ABS/ARS and AMS/ARS.

From Access To Initialization
State State

ﬂ Operaﬁonal Sta'[e Iﬂ

Figure 87: Procedures in the Operational State of IEEE 802.16m Relay
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14.4.2  Addressing

Each ARS is uniquely identified by a STID. When tunnel mode is used, each tunnel established between an
ABS and an ARS is assigned with a unique FID. The tunnel connection is uniquely identified by the
combination of ARS STID and the associated FID.

The individual MPDUs from/to AMSs can be packed together in the payload of a relay MAC PDU or
concatenated to a relay MAC PDU transmitted over the relay link. The STIDs for each individual MAC
PDU is carried in the relay MAC PDU. The Access ARS uses the STID information carried in DL relay
MAC PDU to generate A-MAP over the access link. The ABS uses the STID information carried in UL
relay MAC PDU to identify which AMS the MPDU belongs to.

1443 MAC PDU Construction

One or more tunnels may be established between the ABS and the access ARS after the network entry is
performed. Each tunnel between an ARS and ABS is identified by a unique Flow ID. Connections of an
AMS may be mapped to one or multiple tunnels.

The mode for constructing and forwarding MPDUs through a tunnel is called tunnel mode. In the tunnel
mode, the MAC PDUs that traverse a tunnel are encapsulated in a relay MAC PDU with the relay MAC
header carrying a tunnel identifier. Multiple MAC PDUs from connections that traverse the same tunnel
can be concatenated into a relay MAC PDU for transmission.

14.4.4  Topology Discovery

An ABS determines that an AMS/an ARS sending initial ranging is directly accessing the ABS, or through
an ARS. The ABS discovers topology information of all the ARS and AMS connected through it during the
initial ranging.

14.45 ARQ mechanism

When distributed scheduling is used, The ARS may perform ARQ operation with adjacent stations
(superordination and subordinate station) or the ARS may perform ARQ operation with ABS and AMS.
The ABS or AMS clears the buffer when it receives an ACK from AMS or ABS respectively

When centralized scheduling is used, the ARS is not involved in the ARQ operation between the ABS and
the AMS.

1446 HARQ mechanism

When distributed scheduling is used, the ARS performs HARQ operation with adjacent stations
(superordination and subordinate station)

When centralized scheduling is used, the ARS performs HARQ operation with adjacent stations, but the
ARS informs HARQ burst failure information to ABS for retransmission scheduling.

14.47  ARS Network entry and Initialization

The ARS follows network entry and initialization procedure of AMS. Additionally, ARS may perform
interference measurement of neighbor stations, path creation, and tunnel connection establishment with
ABS. ARS operation parameters are obtained from access station by configuration signaling.

14.4.8 AMS Network Entry support in ARS

The network entry procedure may be distributed between the ARS and the ABS. The ARS should handle
the initial link adaptation with AMS. The remaining AMS network entry procedures such as capability
negotiation, connection establishment, authentication, registration are processed between AMS and ABS.
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1449  AMS Mobility Support

14.49.1 AMS Handover Support

The ABS controls the handover of AMS including scanning and network topology advertisement. The ARS
only relays the MAC control signaling (e.g., HO command message and HO indication message) between
the subordinate AMS and the ABS.

In the case that the same AMS’s context is used between an ABS and the ABS’s subordinate ARSs, the
transfer of the AMS’s context can be omitted when the AMS moves around under the ABS. An ARS
supports its AMS’s handover to other access station, when the current connection with its access station is
lost or for load balancing.

14.49.2 AMS Idle Mode Support

The ABS is responsible for generating MAC control signaling (e.g., DREG-CMD, MOB_PAG-ADV of
WirelessMAN-OFDMA R1 Reference System) which may be relayed by an ARS to the subordinate AMS.
An ARS can have the same or a subset of paging groups which are assigned to its superordinate ABS.

14.4.10 Relay Path Management

The ABS controls the path management centrally including path establishment, removal and update by
explicit signaling. Path establishment can be implemented during the network entry of an ARS, and the
path establishment procedure can be combined with the procedure for establishing a tunnel connection of
the ARS if tunneling is allowed. The explicit path information and a uniquely assigned path ID can be
included in the signaling.

When a connection for an AMS is established, the connection to path binding information can be updated
along the path.

14.4.11 Interference Mitigation Support for Relay

Interference mitigation techniques described in Section 20 may also be used between the ABS and ARSs
within a sector under the control of the ABS.

14.4.12 Relay Support of Multi-Carrier Operation

ARSs may support multi-carrier functionality. All operational principles for multi-carrier operation apply to
a system involving ARSs unless explicitly stated otherwise. When multicarrier is enabled in an ARS, only
the fully configured carriers are relayed. For a multicarrier capable AMS, all the carriers over which a
service is provided to the AMS, are transmitted by the same station (ABS or ARS).

15 Support for Femto ABS

15.1 Overview of Femto ABS

A Femto ABS is a BS with low transmit power, typically installed by a subscriber in home or SOHO to
provide the access to closed or open group of users as configured by the subscriber and/or the access
provider. A Femto ABS is connected to the service provider’s network via broadband (such as DSL, or
cable). The Femto ABSs may communicate with the overlapped macrocell ABS for exchanging control
messages over the air-interface (e.g. via Relay Link).

Femto ABSs typically operate in licensed spectrum and may use the same or different frequency as macro-
cells. Their coverage may overlap with macro ABS.

The Femto ABS is intended to serve public users, like public hot spot, or to serve CSG (Closed Subscriber

Group) that is a set of subscribers authorized by the Femto ABS owner or the service provider. The CSG
can be modified by the service level agreement between the subscriber and the access provider.
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15.2 Femto ABS State Diagram
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Figure 88 illustrates the Femto ABS state diagram. The state diagram contains an initialization and

operational state.
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Figure 88: State transition diagram of Femto ABSs
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Figure 89: Femto ABS initialization state

In the initialization state, procedures like configuration of radio interface parameters and

synchronization may be performed (Figure 89).

-

Operational State
From Initialization
State
> Normal mode
To Initialization
State
Low-duty mode
Availability » Unavailabi-
interval | — lity interval

Figure 90: Femto ABS operational state
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After successfully attaching to the network, a Femto ABS enters the operational state. In the operational
state, two operational modes may be supported: normal mode and low-duty mode. In the low duty mode,
availability intervals alternate with unavailability intervals. See Section 15.10 for further Details.

15.3 Types of Femto ABS
A Femto ABS may be one of the following types.

» CSG-Closed Femto ABS: A CSG-Closed Femto ABS is accessible only to the AMSs, which are in its
CSG, except for emergency services. AMSs which are not the members of the CSG, should not try to
access CSG-Closed Femto ABSs.

* CSG-Open Femto ABS: A CSG-Open Femto ABS is primarily accessible to the AMSs that belong to its
CSG, while other AMSs outside CSG may also access such a Femto ABS, and will be served at lower
priority. A CSG-Open Femto ABS will provide service to such AMSs as long as the QoS of AMSs in its
CSG is not compromised.

» OSG (Open Subscriber Group) Femto ABS: An OSG Femto ABS is accessible to any AMSs.

CSG Femto ABS refers to either CSG-Open Femto ABS or CSG-Closed Femto ABS.
15.4 PHY and MAC level identifier

15.4.1 PHY level cell identifier

CSG and/or OSG Femto ABSs and macro ABSs are differentiated using SA-PREAMBLE. It enables
AMS:s to quickly identify cells types, avoid too frequent handover attempts into and out of a Femto ABS,
and avoid performing unnecessary network entry/re-entry.

15.4.2  MAC level identifier

CSG and OSG Femto ABSs are differentiated using MAC level identifiers to help an AMS determine its
designated Femtocells vs. other Femtocells based on which it can apply necessary rules and procedures for
network entry and handover in a timely fashion. A common identifier may be assigned to all the CSG
Femto ABSs which are part of the same CSG. An AMS uses this identifier for accessibility check for the
CSG Femto ABS.

15.4.3  CSG white list

The AMS maintains a CSG white List for authorized access to CSG-Closed and CSG-Open Femto ABS.
The list contains the identifiers of CSG-Closed and CSG-Open Femto ABS for which the AMS is a CSG
member.

15.5 Synchronization

A Femto ABS should synchronize with the network to a common timing and frequency signal. Femto
ABSs may use different schemes to achieve synchronization with the network to handle various
deployment scenarios. Femto ABS may maintain synchronization with the overlay ABSs over the air by
utilizing low duty operation mode to synchronize with the overlay ABS’s A-PREAMBLE to automatically
adjust its DL synchronization.

A Femto ABS may also obtain Time and Frequency Synchronization from e.g., GPS, wired interfaces,
IEEE158S8, etc.

15.6  Network Entry

15.6.1 Femto ABS ldentification and Selection

At the physical layer, Femto ABS is identified as described in Section 15.4.1. At the MAC layer, Femto
ABS is identified as described in Section 15.4.2.
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The cell selection and reselection may prioritize towards the accessible CSG-closed Femtocell. AMSs that
are not members of CSG for a CSG-Closed Femto ABSs do not attempt network entry, handover, re-entry
from idle mode, or location update to the ABSs regardless of channel quality such ABSs except in case of
emergency call. AMSs that are not members of CSG for a CSG-Open Femto ABSs do not attempt network
entry, handover, re-entry from idle mode, or location update to the ABSs unless it is critical to maintain
their connection or in case of emergency call.

15.6.2 Femto ABS Information Acquisition

Femto ABSs have a capability to provide information (e.g. Femtocell NSP information) to AMSs which do
not have cached information of the Femto ABS regardless of its subscriber group type (e.g. OSG, CSG).
Femto ABSs may broadcast such network access information of neighbor Femto ABSs, or unicast, such
system information of neighbor accessible Femto ABSs of the AMS, in order for AMSs to identify and
select a proper Femto ABS. AMS can get system information either by scanning all available Femto ABSs
or may request such information from Femto ABSs that are capable of delivering access information.

15.6.3 Femto ABS Detection

A Femto ABS may monitor DL and UL signal associated with an AMS which is served by overlay macro
ABS. The monitoring is initiated by overlay macro ABS or AMS or by the Femto ABS itself to detect the
existence of the AMS in its coverage. Then the Femto ABS can inform the macro ABS over the backhaul
that the AMS is in its coverage and subsequently handover to Femto ABS can be accomplished.

15.6.4  Ranging Channel Configuration

Synchronized ranging channel designed for macro ABS is used for initial ranging, handover ranging and
periodic ranging of a femtocell. BW REQ is done in exactly the same manner as in a regular macro cell.

15.6.,5 Ranging

For CSG-open femtocell, the AMSs transmit a selected ranging preamble on a selected ranging opportunity
to perform contention-based ranging process based on priority. The AMS decides the algorithm (either
random selection or random backoff) to select ranging opportunity based on their priority, eg. CSG
members, which have higher priority, may use random selection, while non-CSG members, which have
lower priority, may use random backoff algorithm.

15.7 Handover

The handover process of an AMS between a Femto ABS and a macro ABS or between two Femto ABSs
will follow the same procedure as described in Section 10.3.2 with the exception of steps described in this
section. When the Femto ABS is going to be out of service either by instruction or by accident, it should
instruct all its subordinate AMSs to hand over to the neighbor macro ABSs or Femto ABSs. The AMS
should be able to prioritize the accessible Femto ABSs over the macrocell ABSs.

15.7.1 HO from Macro ABS to Femto ABS

AMSs that are not members of CSG for a CSG-Closed Femto ABSs do not attempt network entry or
handover to the ABSs regardless of channel quality such ABSs except in case of emergency call.

AMSs that are not members of CSG for a CSG-Open Femto ABSs do not attempt network entry or
handover to the ABSs unless it is critical to maintain their connection or in case of emergency call.

The network provides certain system information (e.g., carrier frequency of the Femto ABS, that are
located in the overlay macro ABS serving area ) to AMSs for supporting handover between a macro ABS
and a Femto ABS. An AMS may cache this information for future handover to the specific Femto ABS.

HO should be triggered based on certain criteria, such as signal strength, the proximity of the AMS to the
Femto ABS, and /or loading, etc. The macro ABSs do not broadcast the system information of the neighbor
CSG-Closed Femto ABSs in its neighbor list. At the time of handover preparation, the system information
of a target accessible Femto ABS may be unicast or multicast to the AMS upon AMS request/network
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trigger or obtained by the AMS monitoring the Femto ABS, or based on the cached information of the
AMS.

The macro ABSs may unicast or broadcast certain information (e.g. Cell ID, carrier frequency etc.) of
OSG/CSG Femto ABSs to facilitate AMSs scanning for Femto ABSs. An AMS may scan and report
information of surrounding Femto ABS(s) in order to receive the optimized neighbor list containing
information of accessible neighbor CSG/OSG Femto ABS(s) in the vicinity of AMS. The AMS may also
request the accessible neighbor OSG/CSG Femto ABSs information from the overlay macro ABS when
certain conditions are met.

15.7.2 HO from Femto ABS to Macro ABS or Other Femto ABS

The set of macro ABSs and/or Femto ABSs that are the neighbor list of the serving Femto ABS are
provided by the network or cached in the AMS. The serving Femto ABS broadcasts or unicasts this list of
neighbor accessible Femto ABSs and/or macro ABSs to the AMS.

The handover process between Femto ABS and macro ABS or between Femto ABS and Femto ABS is the
same as defined in Section 10.3.2 with the exceptions as defined in this subsection

When an AMS successfully handovers between a Femto ABS and a macro ABS, the AMS or the network
may cache the information of the macro ABS or the AMS, respectively, to facilitate the next HO process
between the macro ABS and the Femto ABS.

15.8 Load Management and Balancing

It is important to efficiently balance the load between the macro and Femto ABS and adapt them to
network dynamics to optimize capacity and QoS. To achieve this, some traffic performance metric (load,
utility, etc.) can be periodically collected from the macro and Femto ABS to decide on the amount of
resources that can be used by the macro, micro and the Femto ABS. How the macro and Femto ABS decide
to use these resources in a distributed manner is not within the scope of this document. The periodicity
(semi-static nature) of such information collection could also be implementation dependent.

The femto network architecture allows for improved capacity, whereby resources allocated to macro ABS
can be reused by some of the Femto ABS. To aid in such improved reuse of resources, some geographic
information on the macro resource allocation (eg. sector, zone or location of region where a macro resource
is allocated to a macro AMS) could be provided to the Femto ABS via backhaul network. This reuse of
macro resources by Femto ABS will coexist with FFR operations.

15.9 Idle Mode
The OSG Femto ABSs operate like macro ABSs when paging an AMS.

The Femto ABS supports idle mode operation. The CSG-closed Femto ABSs may broadcast the paging
messages that are related to only the AMSs of this CSG.

Dependent on topology design to support both Femto ABS and macro ABS, one or more PGs may be
assigned to a Femtocell or a macro ABS. The overlay macro ABS and the Femto ABS may share the same
paging group ID.

15.10 Low-duty Operation Mode

Besides the normal operation mode, Femto ABSs may support low-duty operation mode, in order to reduce
interference to neighbor cells. The low-duty operation mode consists of available intervals and unavailable
intervals. During an available interval, the Femto ABS may become active on the air interface for
synchronization and signaling purposes such as paging, transmitting system information, ranging or for
data traffic transmission for the AMSs. During an unavailable interval, it does not transmit on the air
interface. Unavailable interval may be used for synchronization with the overlay macro ABS or measuring
the interference from neighbor cells.
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The Femto ABS may enter low-duty operation mode either if all AMSs attached to the Femto ABS are in
idle or sleep mode, or if no AMS is in the service range of the Femto ABS at all.

In case a Femto ABS supports both AMSs and R1 MSs, the network may signal the Femto ABS to stop or
start transmission of LZone/MZone when an R1 MS/AMS leaves or enters the overlay macro ABS of its
Femto ABS respectively. The Femto ABS switches between the low-duty operation mode and the normal
operation mode when it receives requests from the overlay macro ABS, the core network, or an AMS for
network entry, HO, or the exit of the sleep mode.

Macrocell/femtocell may broadcast/unicast femtocell FAs and patterns of low duty cycle over the air.

15.11 Interference Avoidance and Interference Mitigation

An AMS may be requested by its serving macro ABS or Femto ABS to report the signal strength
measurement of neighbor ABSs, including macro and/or Femto ABSs. The reported information can be
used by the serving ABS to coordinate with its neighbor ABSs to mitigate the interference at the AMSs. An
AMS experiencing large interference from a nearby CSG-Closed Femto ABS which is not a member of the
CSG may report the interference to the serving ABS, and the reported information should include system
information of the inaccessible CSG-closed Femto ABS (e.g., BS ID of the Femto ABS). The serving ABS
and/or the network may request the interfering Femto ABS to mitigate the interference by reducing
transmission power, and/or blocking some resource region. In order to enable the interference avoidance or
mitigation schemes, the Femto ABS is capable of scanning the signals transmitted from neighbor ABSs.

Alternatively, the interference between Femtocells and/or macro cells can be mitigated by static or semi-
static radio resource reservation and resource sharing using FDM and/or TDM manner. The operation of
resource reservation does not contradict with the FFR operation defined in 20.1. A Femto ABS may detect
and reserve the resources autonomously, or in cooperation with the overlay macro ABS. An AMS
connected to a macro ABS or Femto ABS may detect the least interfered resource from surrounding
Femtocells and/or Macro BSs and report it to the serving ABS, so that the serving ABS may select
appropriate resources for its traffic.

In order to reduce interference on the control signaling such as SFH and essential control signaling of
Femtocells and/or macro ABSs, different resources block arrangements may be used among Femtocells
and/or macro cells for transmitting control signaling. The AMS can derive the resource block arrangements
for control signaling based on A-PREAMBLE.

A Femto ABS may select the carrier frequency to avoid the mutual interference between macro/micro cells
and Femtocells or among Femtocells based on the measurement result of surrounding reception power.

15.12 Femtocell-assisted LBS

If an AMS is connected to a Femto ABS, the network can figure out the location of the AMS. If an AMS is
not connected to any Femto ABSs, the AMS may collect the information of neighbor Femto ABSs by
scanning and report to the serving macro ABS. Based on the reported information from the AMS, the
network can determine the location of the AMS.

15.13 MIMO Support

Femto ABS may support multi-antenna techniques for improving throughput and mitigating interference
performance.

15.14 Power Control
DL and UL power control are supported by the Femto ABSs.

When applying transmit power control in DL and UL, the maximum transmit powers for DL and UL are
limited and they should take into account building penetration losses.
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DL power control may be supported by Femto ABS in order to reduce interference to the surrounding
macro ABS or neighbor Femto ABSs.

15.15 Femto ABS Reliability

The Femto ABS disables the downlink air interface transmitter as soon as the connection with the service
provider network is lost for a configurable pre-defined time. In such a case, the Femto ABS should support
the mechanisms to ensure service continuity of the AMSs prior to disabling air interface. For example, the
ABS initiated handover depicted in15.7. When a Femto ABS needs disable air interface, it should send out
an indication, which contains available out-of-service information such as out of service reasons and
expected downtime and/or expected uptime, if it is able to do so, to prevent AMS entry or reentry from
other cells. Upon reception of the indication, the subordinated AMSs should perform handover to
neighboring cells.

15.16 Multicarrier Operation

Multi-carrier operation may be supported by Femtocell. All operational principles for multi-carrier
operation apply to a system involving femtocell unless explicitly stated otherwise. Femtocell ABS may
select carriers to assign activate them to for an AMS as secondary carriers and the selection of carriers is
possibly made based on interference management schemes described in Section 15.11.

16 Support for Self-organization

Self Organizing Network (SON) functions are intended for ABSs (e.g. Macro, Relay, Femtocell) to
automate the configuration of ABS parameters and to optimize network performance, coverage and
capacity. The scope of SON is limited to the measurement and reporting of air interface performance
metrics from AMS/ABS, and the subsequent adjustments of ABS parameters.

16.1  Self Configuration

Self-configuration is the process of initializing and configuring ABSs automatically with minimum human
intervention.

16.1.1 Cell Initialization

During the cell initialization, ABS MAC and PHY parameters (e.g. ranging code, RF parameters) may be
downloaded from the core networks automatically, or determined by the ABS itself.

16.1.2  Neighbor Discovery

Existing cellular networks still require much manual configuration of neighboring macro ABS that will
greatly burden the operators in the network deployment. Therefore, the initial neighbor list is obtained from
core network automatically. Any change of the neighbor environment such as ABSs are added or removed
should automatically trigger the ABS to generate an updated neighbor list. The information for updating the
neighbor list (e.g. macro ABS, Femto ABS) is collected by ABS/ARS/AMS measurement, core network,
inter-ABS network signaling, ABS’s own management. Examples of the parameters that are measured by a
macro ABS include BSID, Cell site in longitude, latitude, Sector Bearing (indicating the direction where
the sector is pointing), and ABS attributes (e.g. Channel Bandwidth, FFT Size, Cyclic Prefix, etc.). Other
parameters, such as BSID, ABS attributes (e.g. Channel Bandwidth, FFT Size, Cyclic Prefix, etc.) may be
used to update the neighbor list in the macro ABS.

The ABS should direct an AMS to perform the frequency measurements of serving ABS and/or non-
serving ABS (e.g. inter-RAT neighbor cell measurement may be based on AMS traffic conditions). The
ABS may use cached or feedback information on signal strength, BSID and some additional information, e.
g. AMS position, battery status and report history for a certain AMS, in order to reduce the undesirable
transmission from the AMS (e.g. ABS may select a subset of AMSs to perform measurements and produce
reports).
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16.2 Self Optimization

Self-optimization is the process of analyzing the reported SON measurement from the ABS/AMS and fine-
tuning the ABS parameters in order to optimize the network performance which includes QoS, network
efficiency, throughput, cell coverage and cell capacity

The reported SON measurements from ABS/AMS may include but not confined to
e Signal quality of serving ABS and neighbor ABSs

Interference level from the neighbor ABSs

BSID of neighbor ABS

Status of mobility management (HO)

Time and location information of AMS at a measurement

Load information of neighbor ABS

16.2.1 Coverage and Capacity Optimization

The coverage and capacity optimization aims to detect and resolve the blind areas for reliable and
maximized network coverage and capacity when an AMS cannot receive any acceptable signals from any
ABSs. When an AMS resumes the connection after experiencing service interruption in a blind area, the
AMS should perform the measurement (e.g. RSSI, SINR, I and INR) and report the event together with
cached information (e.g. last serving BS ID, neighbor list, location information , timestamp and RTD etc.)
to the serving ABS. The ABS can direct the AMS to not report its cached information, in order to limit the
amount of data that is reported. The SON functions process the reported information and then determine the
location of the blind areas in order for subsequent coverage extension and capacity optimization.

16.2.2  Interference Management and Optimization

Inter-cell interference should be maintained at the acceptable level. Newly deployed ABS may select the
carrier frequency, antenna setting, power allocation, and/or channel bandwidth based on the interference
level and the available capacity of the backhaul link. This can be achieved by a set of measurements by
scanning the surrounding neighbor cells with/without additional information collected from other AMS and
ABS. The reassignment/modification due to interference management should take into consideration of the
load status and other parameters (e.g. antenna and power setting optimization for Femto ABS etc). When a
new ABS is deployed, the initialization for interference management should be automatically configured by
a SON server.

16.2.3  Load Management and Balancing

Cell reselection and handover procedures of an AMS may be performed at the direction of the ABS to
balance traffic load and minimize the number of handover trials and redirections. The load of the cells,
modification of neighbor lists, and the selection of alternative carriers should be automatically managed
through inter-ABS communication and the SON server. An ABS with unsuitable load status may adjust its
cell reselection and handover parameters to control the imbalanced load with the neighbors ABSs.

16.2.4  Self-optimizing FFR

Self-optimizing FFR is designed to automatically adjust FFR parameters, frequency partitions and power
levels, among ABS sectors in order to optimize system throughput and user experience.

17 Support for Multi-carrier Operation

17.1 Multi-carrier Operation Principles
The carriers involved in a multi-carrier system, from one AMS point of view, can be divided into two types:

e A primary carrier is the carrier used by the ABS and the AMS to exchange traffic and PHY/MAC
control information defined in IEEE 802.16m specification. Further, the primary carrier is used for
control functions for proper AMS operation, such as network entry. Each AMS has only one
carrier it considers to be its primary carrier in a cell.
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A secondary carrier is an additional carrier which the AMS may use for traffic, only per ABS’s
specific allocation commands and rules typically received on the primary carrier. The secondary
carrier may also include control signaling to support multi-carrier operation.

Based on the primary and/or secondary usage, the carriers of a multi-carriers system may be configured
differently as follows:

Fully configured carrier: A carrier for which all control channels including synchronization,
broadcast, multicast and unicast control signaling are configured. Further, information and
parameters regarding multi-carrier operation and the other carriers can also be included in the
control channels. Fully configured carrier supports both single carrier AMS and multicarrier AMS.

Partially configured carrier: A carrier with only downlink transmission in TDD or a downlink
carrier without paired UL carrier in FDD mode and configured with all control channels to support
downlink transmission.

A primary carrier is fully configured while a secondary carrier may be fully or partially configured
depending on deployment scenarios.

The following is common to all multi-carrier operation modes:

The system defines N standalone fully configured RF carriers, each fully configured with all
synchronization, broadcast, multicast and unicast control signaling channels. Each AMS in the cell
is connected to and its state is controlled through only one of the fully configured carriers as its
primary carrier.

The system defines M (M >= 0) partially configured RF carriers, each configured with all control
channels needed to support downlink transmissions during multicarrier operation.

In the multicarrier operation a common MAC can utilize radio resources in one or more of the
secondary carriers, while maintaining full control of AMS mobility, state and context through the
primary carrier.

Some information about the secondary carriers including their presence and location is made
available to the AMS through the primary carriers. The primary carrier may also provide AMS the
information about the configuration of the secondary carrier.

The resource allocation to an AMS can span across a primary and multiple secondary RF carriers.
Link adaptation feedback mechanisms should incorporate measurements relevant to both primary
and secondary carriers.

A multi-carrier system may assign secondary carriers to an AMS in the downlink and/or uplink
asymmetrically based on system load (i.e., for static/dynamic load balancing), peak data rate, or
QoS demand.

In addition to utilizing the primary RF carrier for data transfers, the ABS may dynamically
schedule resources for an AMS across multiples secondary RF carriers. Multiple AMSs, each with
a different primary RF carrier may also share the same secondary carrier.

The multiple carriers may be in different parts of the same spectrum block or in non-contiguous
spectrum blocks. The use of non-contiguous spectrum blocks may require additional control
information on the secondary carriers.

Each AMS will consider only one fully configured RF carrier to be its primary carrier in a cell. A
secondary carrier for an AMS, if fully configured, may serve as primary carrier for other AMSs.

There are two multicarrier deployment scenarios.

Scenario 1: All carriers in the system are fully configured to operate standalone and may support some
users as their primary carrier and others as their secondary carrier. AMS can, in addition, access on
secondary channels for throughput improvement, etc.

Scenario 2: In addition to fully configured and standalone RF carriers the system also utilizes additional
partially configured supplementary radio carriers optimized as downlink transmission only service like
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multicast and broadcast services. Such supplementary carriers may be used only in conjunction with a
primary carrier and cannot operate standalone to offer IEEE 802.16m services for an AMS.

In multi-carrier operation, an AMS can access multiple carriers. The following multi-carrier operation
modes are identified:

e  Carrier aggregation

0 AMS always maintains its physical layer connection and monitor the control information
on the primary carrier.

e Carrier switching

0 AMS can switch its physical layer connection from the primary to the secondary carrier
per ABS’s instruction. AMS connects with the secondary carrier for the specified time
period and then returns to the primary carrier. When the AMS is connected to the
secondary carrier, the AMS does not need to maintain its physical layer connection to the
primary carrier.

0 This mode is used for primary carrier switching to partially configured carriers for
downlink only transmission.
17.2  Subcarrier Alignment for Utilization of Guard Subcarriers of Adjacent Frequency Channels

When multiple contiguous frequency channels are available, the guard sub-carriers between contiguous
frequency channels can be utilized for data transmission only if the sub-carriers from adjacent frequency
channels are well aligned. In mixed mode operation, the legacy channel raster is maintained. In order to
align those sub-carriers from adjacent frequency channel, a frequency offset (Af”) can be applied to its FA.
The basic idea is shown by the example in Figure 91.

In order to utilize the guard sub-carrier for data transmission, the information of the available guard sub-
carriers eligible for data transmission is sent to AMS. This information includes the numbers of available
sub-carriers in upper side and in lower side with respect to the DC sub-carrier of carrier.

Figure 91: Illustration of sub-carrier alignment by applying a fraction of sub-carrier spacing to the FA of
adjacent frequency channel

17.3  PHY Aspects of OFDMA Multi-carrier Operation
Multi-carrier support in the physical layer is shown in Figure 92. A single MAC PDU or a concatenated
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MAC PDU s is received through the PHY SAP and they can form a FEC block called PHY PDU. The figure
shows that the physical layer performs channel encoding, modulation and MIMO encoding for a PHY PDU
and generates a single modulated symbol sequence. Any one of the multiple carriers (primary or secondary
carriers) can deliver a modulated symbol sequence. Different modulated symbol sequences transmitted on
the same or different carriers may have different MCS and MIMO schemes. Or, in case of allocation on
DRU, a single modulated symbol sequence may be segmented into multiple segments where each segment
can be transmitted on a different carrier. The same MCS level and MIMO scheme are used for all segments
of a PHY PDU. The physical layer performs subcarrier mapping for a modulated symbol sequence or a
segment of the sequence relevant to the given carrier.

‘ MAC ‘

MAC PDU MAC P2OU MAC PDU MAC PDU

\ PHY SAP | \ PHY SAP |
1 f i t
\ Channel Coding | \ Channel Coding |
¥ t ¥ ¥
\ Modulation | \ Modulation |
¥ 1 ¥ [
I MIMO encoding | I MIMO encoding |
v t v t
‘ Modulated symbol sequence ‘ ‘ Modulated symbol sequence ‘
{1 1T {1 T
T T T T T T T T T T T T T T T Tt T T TTTT T TTTTT T T TT I T T T T T T T T T T T T T T T T T T TTT T T T TTT T TTTTT T T TT I
! QOptional Segmentation/Assembly | ! Qptional Segmentation/Assembly |
" ———— =
i T T e T 7 i
e = ——————~ = TT==—- -
Subcarrier mapping/(IFFT/FFT) Subcarrier mapping/(IFFT/FFT)
Carrier 1 Carrier 2

Figure 92: An example of the physical layer structure to support multi-carrier operation
The following describes the details of the PHY PDU transmission operation:

1. For a PHY PDU, the PHY delivers a single modulated symbol sequence. This modulated symbol
sequence, is regarded as a single HARQ packet the same as in a single carrier system.

2. A modulated symbol sequence of a PHY PDU can be transmitted as follows:

A. Transmitting the modulated symbol sequence on a single RF carrier. Note that in the same
time, different PHY bursts may be transmitted to an AMS from different RF carriers.

B. Transmitting the modulated symbol sequence on DRUs across several RF carriers, via PHY
burst segmentation and mapping to different RF carriers, by using the same MCS and
MIMO scheme.

3. In the multi-carrier system, an LRU is defined independently per carrier. The RF carrier specific
physical layer performs subcarrier mapping based on the LRU per carrier. It must be noted that
the radio resource utilization on each RF carrier may be different.

17.3.1  Frame Structure
Multicarrier support in the frame structure is illustrated in Figure 93 and Figure 94.

17.3.1.1 Frame Structure to Support Multi-carrier Operation

The support for multiple RF carriers is provided with the same frame structure used for single carrier
support, however, some considerations in the design of protocol and channel structure may be needed to
efficiently support this feature.
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In general, each AMS operating under IEEE 802.16m standard is controlled by one RF carrier, herein
referred to as the primary RF carrier. When multi-carrier operation feature is supported, the system may
define and utilize additional RF carriers to improve the user experience and QoS, or provide services
through additional RF carriers configured or optimized for specific services.

Figure 93 shows that the same frame structure would be applicable to both single carrier and multicarrier
mode of operation. A number of narrowband carriers can be aggregated to support effectively wideband
operation. Each carrier may have its own Advanced Preamble and superframe header. Further, some
carriers may have less information in superframe header based on the carrier configuration. A multi-carrier
AMS can utilize radio resources across multiple RF carriers under the management of a common MAC.
Depending on AMS's capabilities, such utilization may include aggregation or switching of traffic across
multiple RF carriers controlled by a single MAC instantiation.

The multiple carriers involved in multi-carrier operation may be in a contiguous or non-contiguous
spectrum. When carriers are in the same spectrum and adjacent and when the separation of center
frequency between two adjacent carriers is multiples of subcarrier spacing, no guard subcarriers are
necessary between adjacent carriers. When carriers are in non-contiguous spectrum, the number of uplink
subframes is not necessarily the same for all the carriers in TDD.
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Figure 93: Example of multi-carrier support in the frame structure

17.3.1.2 Frame Structure Supporting Legacy Frames in IEEE 802.16m Systems with Wider
Channel Bandwidths

Figure 94 shows an example for the IEEE 802.16m frame structure supporting legacy frame in a wider
channel. A number of narrow bandwidth carriers of the IEEE 802.16m can be aggregated to support wide
bandwidth operation of AMSs. One or multiple of the carriers can be designated as the legacy carrier(s).
When the center carrier spacing between two adjacent carriers is an integer multiple of subcarrier spacing,
it is no necessary to reserve guard subcarriers for the IEEE 802.16m carriers. Different number of usable
guard sub-carriers can be allocated on both sides of the carrier.
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For UL transmissions both TDM and FDM approaches are supported for multiplexing of R1 MSs and
AMS:s in the legacy and IEEE 802.16m mixed carrier. The TDM in the figure is an example.

In case the edge carrier is a legacy carrier, the impact of the small guard bandwidth on the edge of the wider
channel on the filter requirements is being studied.
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Figure 94: Illustration of frame structure supporting legacy frames with a wider channel

17.3.2  Channel Coding, Modulation and HARQ
For a PHY PDU, channel encoding, modulation and MIMO encoding are performed as in a single carrier

operation to generate a single modulated symbol sequence. The modulated symbol sequence can be
segmented and transmitted over DRUs in multiple carriers as shown in Figure 61.

The modulated symbol sequence is regarded as a single HARQ packet. HARQ feedback for PHY PDU sent
across primary and secondary carriers can be carried in the primary carrier. HARQ feedback for PHY PDU
sent only in the secondary carrier can be carried in the secondary carrier.

17.3.3  Data Transmission over Guard Resource

The guard sub-carriers between contiguous RF carriers in the new zone can be utilized for data
transmission if the sub-carriers on contiguous RF carriers are well aligned. The serving ABS and the AMS
need to negotiate their capability to support guard sub-carrier data transmission. The set of guard sub-
carriers utilized for data transmission is defined as guard resource.

17.3.3.1 PHY Structure Support

Each carrier can exploit subcarriers at band edges as its additional data subcarriers. The guard resource
forms integer multiples of PRUs. The resulting data subcarriers (including guard resource) form PRUs. The
PRU structure used for guard resource is the same as the structure of the ordinary PRU in 11.5 and 11.6.
For the carrier, CRUs may be constructed from the PRUs including PRUs from guard resource.

The ABS provides information regarding the use of guard resource for data channels. Guard resource is not
used for control channels transmission.

Figure 95 below illustrates example of exploiting guard subcarriers for data transmission.
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Figure 95: Example of data transmission using the guard subcarriers

17.3.4  Allocation Scheme for OFDMA Multi-carrier

A specific allocation element is used to indicate the allocation of OFDMA data regions which is defined as
a set of LRUs. A modulated symbol sequence of a PHY PDU can be sent through a single carrier (primary
or secondary). In this case, there is only one data region for the modulated symbol sequence in a carrier.
Additionally, a modulated symbol sequence of a PHY PDU can be segmented for the allocation in DRU
and multiple carriers can deliver the segments through each carrier. In this case, there are multiple data
regions for the modulated symbol sequence across multiple carriers. The segmentation is only allowed for
the allocation in DRU. Allocation information indicates a data region or multiple data regions with other
parameters like MCS level. When multiple PHY PDUs are transmitted over multiple carriers in a subframe,
the delivery order is being studied.

For each AMS the allocation information for both its Primary and secondary carriers is sent through the
primary carrier, or the allocation information for each carrier is sent through the carrier itself.

17.3.5 Data Regions and Sub-carrier Mapping for OFDMA Multi-carrier Operation

When a modulated symbol sequence is transmitted through one carrier, the sequence is mapped using the
same mapping rule of the single carrier mode. When a modulated symbol sequence is segmented, each
segment can be mapped to OFDMA data regions over multiple carriers using the algorithms defined below,
where logical carrier index is defined is being studied.

a) Segment the modulated symbol sequence into blocks sized to fit into a single LRU.

b) Map each segmented block onto one LRU from the lowest LRU index in the OFDMA data region
of the carrier with the lowest logical carrier index.

¢) Continue the mapping so that the LRU index increases. When the edge of the data region is
reached, continue the mapping from the lowest LRU index in the OFDMA data region of the
carrier with the next available logical carrier index.

d) Continue the mapping until the all modulated data symbols are mapped.

An example is shown in Figure 96. Within the LRU, subcarrier mapping follows the mapping rule for a
single carrier case.
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Figure 96: Example of modulated symbol sequence mapping in OFDMA multi-carrier operation

17.3.6  Downlink Control Structure

All DL controls channel needed for single carrier operation are needed for the fully configured carrier. For
partially configured carrier, DL control channels necessary for UL transmission are not present.

Obtaining System Information of Secondary Carriers

e For the case where the AMS can simultaneously decode multiple carriers, the AMS can decode the
Superframe Headers of its secondary carriers. ABS may instruct the AMS, through control
signaling on the primary carrier, to decode Superframe Headers of specific set of secondary
carriers.

e  When the AMS cannot simultaneously decode multiple carriers, the ABS can convey the system
information of secondary carriers to AMS, through control signaling on the primary carrier.

17.3.6.1 A-PREAMBLE

Primary and Secondary SCHs are present in a fully configured and partially configured carrier. In a fully
configured and partially configured carrier, the location and transmission format of A-PREAMBLE is the
same as that of the single carrier described in 11.7.2.1.

17.3.6.2 SFH

The SFH is present in a fully configured and partially configured carrier. In a fully configured and partially
configured carrier, the location and transmission format of P-SFH/S-SFH is the same as that of single
carrier described in Section 11.7.2.2.

17.3.6.3 A-MAP

A-MAP is present in a fully configured carrier. The location and transmission format of A-MAP on the
fully configured carrier is the same as that defined in 11.7.2.3.

The presence and use of A-MAP on the partially configured carrier is being studied.
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17.3.6.4 Additional Broadcast Information

All additional broadcast information related to multicarrier operation is carried with the fully configured
carrier. Except uplink information, all additional broadcast information related to operation of partially
configured carrier can be carried by the partially configured carrier.

17.3.7  Uplink Control Structure

All UL controls channel needed for single carrier operation are supported for the fully configured carrier. A
partially configured carrier does not have any uplink capability, optimized for downlink only transmissions
such as multicast and broadcast services.

17.3.7.1 Uplink Fast Feedback Channel

The ABS configures the set of carriers for which the AMS reports fast feedback information. The ABS may
only allocate resource to the AMS on a subset of those configured carriers. Fast feedback information for
link adaptation for SIMO and information for MIMO operation can be sent through the primary carrier. The
fast feedback information related to the assigned secondary carriers can be carried in those carriers if
supported by their configuration.

17.3.7.2 Uplink HARQ Feedback Channel

HARQ feedback for PHY PDU sent across primary and secondary carriers can be carried in the primary
carrier. HARQ feedback for PHY PDU sent in secondary is carried in the secondary if supported by the
secondary carrier configuration

17.3.7.3 Uplink Ranging Channel

UL initial ranging for non-synchronized AMS is conducted on a fully configured carrier. UL periodic
ranging for synchronized AMS is conducted on the primary carrier but may also be performed in a
secondary carrier if supported by the secondary carrier. The issue of periodic ranging on the secondary
carrier, autonomously performed by the AMS or directed by the ABS, is being studied. The serving ABS
transmits the ranging response on the same carrier that the UL ranging is received.

17.3.7.4  Uplink sounding channel
UL sounding is performed on the primary and secondary carrier.

17.3.7.5 Bandwidth Request Channel
The BW request channel is transmitted only on the primary carrier.

17.3.8  Uplink Power Control

Depending on the correlation between RF carriers, separate controls of UL power for different RF carriers
are necessary. Thus, one or multiple power control commands for multiple carriers are supported. Although
multiple power control commands are allowed, the power control commands or messages can be sent to
AMS through the primary carrier.

17.4  MAC Aspect of OFDMA Multi-carrier Operation

The MAC layer in OFDMA multi-carrier mode operates in the same way as single carrier MAC.

17.4.1 Addressing

There is no difference between a single carrier and OFDMA multi-carrier operation from an addressing
perspective as described in sub-clause 10.1.

17.4.2  Security

All the security procedures between AMS and ABS are performed using only the AMS’s primary carrier.
The security context created and maintained by the procedures is managed per ABS through the primary
carrier.
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17.4.3 Initial Entry

The AMS attempts initial ranging and network entry only with a fully configured carrier. An AMS needs to
know which carrier(s) of the ABS are fully configured carriers.

The ABS may use a preamble sequence selected from a predefined set of sequences reserved for partially
configured carriers. By detecting a preamble sequence designated for partially configured carrier the AMS
skips that carrier and proceed with scanning and selection of alternative carrier.

Once the AMS detects the A-PREAMBLE on a fully configured carrier, the AMS may proceed with
decoding the SFH or the extended system parameters and system configuration information where the ABS
indicates its configuration and its support for multicarrier feature. The AMS can decide on proceeding with
network entry with the current carrier or going to alternative carriers based on this information.

Once a candidate primary carrier is determined the initial network entry procedures are the same as in
single carrier mode. The carrier on which the AMS successfully performs initial network entry becomes the
primary carrier of the AMS. After successful ranging, the AMS follows the capability negotiation procedure
in which it provides ABS with its OFDMA multi-carrier capabilities, such as carrier aggregation or carrier
switching. The ABS may provide configuration parameters of other carriers to the AMS. The ABS may
assign secondary carriers to the AMS, through negotiation with the AMS.

The AMS may skip UL ranging (for time/frequency synchronization and power adjustment purpose) with
secondary carrier. In this case, AMS uses the same timing, frequency and power adjustment information for
the secondary carrier as in the primary carrier. The AMS may perform fine timing/frequency/power
adjustment on the secondary carrier through measuring the A-Preamble and/or pilot on the secondary
carrier. The AMS may perform UL ranging with secondary carrier. In this case, power adjustment results in
the primary carrier may be used as initial transmission power for UL ranging over the secondary carrier and
the ranging resource for synchronized AMS is used. Initial ranging on the secondary carrier is directed by
the ABS. For this, the ABS may assign the dedicated ranging code through the primary carrier to enhance
the ranging in the secondary carrier.

17.44  MPDU Processing

The construction and transmission of MAC PDU in OFDMA multi-carrier operation mode is the same as
that in single carrier operation mode.

17.45 Bandwidth Request and Allocation

All bandwidth requests are transmitted on the AMS’s primary carrier using the assigned UL control
channels following the same procedures as single carrier mode. Bandwidth request using piggyback
scheme is also allowed in the secondary carriers. The ABS may allocate UL resources which belong to a
specific carrier or a combination of multiple carriers.

1746 QoS and Connection Management

QoS and Connection management in multicarrier mode are based on single carrier mode. The Station 1D
and all the Flow IDs assigned to an AMS are unique identifiers for a common MAC and used over all the
carriers. The followings are also applicable:

1. The connection setup signaling is performed only through the AMS’s primary carrier. The
connection is defined for a common MAC entity.

2. AMS’s QoS context is managed per service flow for each AMS, and is applicable across primary
carrier and secondary carriers and collectively applied to all carriers.

3. Flow ID is maintained per AMS for both primary carrier and secondary carriers.
4. The required QoS for a service flow may be one of the parameters considered in order to

determine the number of secondary carriers assigned to the AMS.

17.4.7  Carrier Management

The following steps summarize the high level sequence of procedures involved in the MC operation:
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1. ABS periodically broadcasts its MC mode and MC configuration
e The carriers listed in the MC configuration message are called Available Carriers. Not all
available carriers can be assigned to an AMS but all available carriers are introduced to AMSs
along with their respective Physical Carrier Index.
e The ABS may also send the detailed MC configuration to the AMS broadcast messaging.

2. AMS Performs initialization and network entry. The process is the same as SC mode.
3. AMS and ABS perform MC Capability negotiation. Example Capabilities may include:

e  Carrier Switching Only

e Capability to concurrently receive and aggregate MC’s and Max No. of Carriers

e Capability to concurrently aggregate and transmit on MC’s, Max No. of Carriers. Note the
AMS’s MC capability may be different for TX and RX.

e Capability to support Aggregation across Non-contiguous Spectrum, Max RF distance
between carriers. This is in addition to AMS’s support for multiple band classes.

Based on AMS RF capabilities, loading of available carriers or other factors, the ABS may provide more
detailed configuration information on subset of available carrier designated as Assigned Secondary Carriers
to AMS. The ABS may assign a logical carrier index to each assigned secondary carrier for the AMS.
Primary carrier is always assign with logical carrier index 0.The ABS may update and release the assigned
secondary carriers based on loading and other factors.

The AMS does not perform any PHY/MAC processing on Assigned Secondary Carriers until directed by
the ABS.

4. The ABS allocates a subset of assigned secondary carriers to be ready for the potential use for MC
data transmission based on QoS requirement, loading and other factors. This subset is called the
Active Secondary Carriers.

e AMS performs PHY/MAC processing on those active carriers. The ABS may update and
release the active secondary carriers based on QoS requirement, loading and other factors.
The ABS makes MC traffic allocation which may be:

Aggregation across all fully configured active carriers.

Aggregation involving at least one partially configured active carrier

Switching from one fully configured active carrier to another fully configured carrier which

will result in primary carrier change

e Switching to a partially configured active secondary carrier.

Available Carriers:

" N

Assigned Carriers

Active Carriers
(Active Secondary Carriers +
Primary Carrier)
Turn-on/off

U\ /

Figure 97: Illustration of the relation between Available, Assigned and Active Carriers
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Definition and Properties

Available Carriers

Multiple carriers which are available in an ABS

- Not all Available carriers may be supported by the AMS

- No Processing on these Carriers

- Referred to with Physical Carrier Indexes, which are unique within an ABS.

Subset of Available Carriers which may be potentially used by the AMS

carriers of the ABS or other factors.

Assigned Carriers - No processing on these carriers until directed by the ABS.

- Referred to with Physical Carrier Indexes, which are unique within an ABS.

unique only within the AMS.

Active Carriers

Subset of Available Carriers which are ready to be used for MC assignments.
- Determined based on QoS requirement and other factors

- PHY/MAC processing are required for the active carriers.

- Referred to with Logical Carrier Indexes

Table 17 Definitions of Available, Assigned and Active Carriers

17.4.7.1 Primary Carrier Change

The ABS may instruct the AMS, through control signaling on the current primary carrier, to change its
primary carrier to one of the available fully configured carriers within the same ABS for load balancing
purpose, carriers’ varying channel quality or other reasons. AMS switches to the target fully configured
carrier at action time specified by the ABS. The carrier change may also be requested by the AMS through
control signaling on the current primary carrier. Given that a common MAC entity manages both serving
and target primary carriers, the network re-entry procedures at the target primary carrier is not required.
The ABS may direct an AMS to change the primary carrier without scanning.

The ABS may instruct AMS to perform scanning on other carriers which are not serving the AMS. The
AMS reports the scanning results back to the serving ABS, which may be used by the ABS to determine the
carrier for the AMS to switch to. In this case, if the target carrier is not currently serving the AMS, the
AMS may perform synchronization with the target carrier if required.

17.4.7.2 Carrier Switching Between a Primary Carrier and a Secondary Carrier

Primary to secondary carrier switching in multi-carrier mode is supported when secondary carrier is
partially configured. The carrier switching between a primary carrier and a secondary carrier can be
periodic or event-triggered with timing parameters defined by multi-carrier switching message on the
primary carrier. When an AMS switches to a secondary carrier, its primary carrier may provide basic
information such as timing and frequency adjustment to help with AMSs with fast synchronization with the
secondary carrier.

17.4.8  Handover Support

An AMS in multi-carrier operation follows the handover operation in single carrier mode of IEEE 802.16m.
MAC control messages in relation with handover between an AMS and an ABS are transmitted over the
AMS’s primary carrier. Similar to the procedure defined in 10.3.2.2.3, if directed by serving ABS via HO
Command control signaling, the AMS performs network re-entry with the target ABS on the assigned fully
configured carrier at action time while continuously communicating with serving ABS. However, the AMS
stops communication with serving ABS on primary/secondary carriers after network re-entry at target ABS
is completed. In addition, AMS cannot exchange data with target ABS prior to completion of network re-
entry. Multiplexing of network re-entry signaling with target ABS and communications with serving ABS is
done via multiple radio carriers. Figure 63 shows a general handover call flow for AMS with multi-carrier
capability.
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Radio Radio Serving  Backbone Target Backbone Target
carrier carrier primary primary secondary
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Figure 98: A general call flow for an AMS with multi-carrier capability

In case AMS is capable to process multiple carriers at the same time, the target primary carrier can be
different than the one chosen in serving cell. Figure 99 shows an example HO call flow of the case in which
AMS is capable to process multiple carriers at the same time and the target primary carrier is different from
the serving primary carrier.

Servin Target
MS 9 g
BS BS
777777777777 HO Initiation:--------
77777777777777 HO REQ----------9»
- HO RSP-------------—
~4¢—— HO Command
Network re-entry
MS-BS Communication‘\\\
. during Network Re-entry .~
R HO COMPLT——-----
—Data path established——>
| |

Radio Radio Serving Backbone Target  Backbone
carrier carrier primary primary
1 2 carrier carrier

Figure 99: An example call flow for multi-carrier HO in which the target primary carrier is different from
the serving primary carrier

To facilitate AMS’s scanning of neighbor ABS’s fully configured carriers, the serving ABS may
broadcast/multicast/unicast the neighbor ABS’s multi-carrier configuration information to the AMS.
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When an AMS receives handover notification from an ABS or when an AMS sends HO notification to an
ABS, the AMS may get the information on OFDMA multi-carrier capabilities of one or more possible
target ABSs in the handover transaction.

After handover to a certain target ABS is determined, the AMS conducts network re-entry through its target
primary carrier. After the completion of network re-entry procedure, the AMS and the ABS may
communicate over AMS’s primary and/or secondary carriers.

Regardless of multi-carrier support, an AMS capable of concurrently processing multiple radio carriers,
may perform scanning with neighbor ABSs and HO signaling with the target ABS using one or more of its
available radio carriers, while maintaining normal operation on the primary carrier and secondary carriers
of the serving ABS. The AMS may negotiate with its serving ABS in advance to prevent allocation over
those carriers used for scanning with neighboring ABSs and HO signaling with the target ABS.

17.49 Power Management

The AMS is only assigned to one or more secondary carrier during the active/normal mode. Therefore, the
power saving procedures in OFDMA multi-carrier mode of operation are the same as single carrier mode
and all messaging including idle mode procedures and state transitions are handled by the primary carrier.

In active/normal mode AMS can be explicitly directed through the primary carrier to disable reception on
some secondary carriers to satisfy the power saving. When reception is disabled, no allocation can be made
on those secondary carriers. When the primary carrier indicates that there is no allocation in secondary
carriers, the AMS can disable reception on that carrier.

17.49.1 Sleep Mode

When an AMS enters sleep mode, the negotiated policy of sleep mode is applied to a common MAC
regardless of OFDMA multi-carrier mode and all carries powers down according to the negotiated sleep
mode policy. During the listening window of sleep mode, the traffic indication is transmitted through the
primary carrier. Data transmission follows the normal operation (no sleep) defined for multiple carriers.

e  One set of unified sleep mode parameters (i.e., sleep window and listening window configuration)
are configured for an AMS regardless of single carrier or multi-carrier operation.

e During listening window, AMS monitors the traffic indication on the primary carrier. If traffic
indication is negative, AMS goes back to sleep. If traffic indication is positive, AMS continues to
monitor the primary carrier control channel to know if it has traffic scheduled for transmission on
the primary carrier and/or secondary carrier. Note that the serving ABS may request AMS to
switch its primary carrier during the listening window for load balancing or power saving.

17.4.9.2 Idle Mode

During paging listening interval, AMS monitors paging notification ona fully configured carrier.
The procedure for paging is the same as defined for single carrier. The selection of the paging carrier in the
multicarrier deployment is the same for single carrier and multicarrier capable AMSs. When paged, the
AMS can perform network re-entry procedure with the paged carrier.

Messages and procedures to enter the idle mode between AMS and ABS are processed through the primary
carrier. The network re-entry procedure from idle mode is similar to those of initial network entry. One set
of unified idle mode parameters (i.e., paging listening interval and paging unavailable interval
configuration) is configured for an AMS regardless of single carrier or multi-carrier operation.

17.4.10 E-MBS Support

IEEE 802.16m system may designate the partially configured carriers for E-MBS only. The multi-carrier
AMS which is capable to process multiple radio carriers at the same time may perform normal data
communication at one carrier while receiving the E-MBS content over another carrier.

18 Support for Interference Mitigation
This section introduces the interference mitigation schemes by using fractional frequency reuse (FFR),
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advanced antenna technology, power control and scheduling. Interference mitigation schemes such as
conjugate-data-repetition (CDR) may be supported.

18.1 Interference Mitigation using Fractional Frequency Reuse (FFR)

IEEE 802.16m supports the fractional frequency reuse (FFR) to allow different frequency reuse factors to
be applied over different frequency partitions during the designated period for both DL and UL
transmissions, note that the frequency partition is defined in Section 11.5.2.2 and in Section 11.6.2.2 for DL
and UL respectively. The operation of FFR is usually integrated with other functions like power control or
antenna technologies for adaptive control and joint optimization. The basic concept of FFR is introduced by
the example in Figure 100.

Tx Power? L Sector 1
T PowerT _:-: Sector 2
™ F"’WefT H Sector 3

Frequency Partition 1 ‘ Frequency Partition 2 ‘ Frequency Partition 3 ‘ Frequency Partition 4
1 1
I Reuse-1 Frequency Partition Reuse-3 Frequency Partitions I

Figure 100: Basic concept of Fractional Frequency Reuse (FFR)

In basic FFR concept, subcarriers across the whole frequency band are grouped into frequency partitions
with different reuse factors. In general, the received signal quality can be improved by serving AMSs in the
frequency partitions with higher frequency reuse factor, due to lower interference levels. This will be
helpful for the AMSs located around cell boundary or for the AMSs suffering severe inter-cell interference.
On the other hand, ABS may apply lower frequency reuse factor for some frequency partitions to serve the
AMSs which do not experience significant inter-cell interference. This will be helpful for ABS to serve
more AMSs and achieve better spectral efficiency.

Resource allocation in an FFR system takes several factors into consideration such as reuse factor in
partition, power at partition, available multi-antenna technologies, as well as interference-based
measurements taken at AMS.

18.1.1 Downlink FFR

18.1.1.1 Interference Measurement and Signaling Support

For DL FFR, the AMS is capable of reporting the interference information to serving ABS. The serving
ABS can instruct AMS to perform interference measurement over the designated radio resource region in
solicited/unsolicited manner, or the AMS may perform the autonomous interference measurement without
the instruction by ABS. Examples of interference measurement include SINR, SIR, interference power,
RSSI, etc. The AMS can also recommend the preferred frequency partition to serving ABS based on
considerations such as interference measurements, resource metric of each partition, etc. The measurement
results can then be reported by message and/or feedback channel.

The ABS can transmit necessary information through a signaling channel or message to facilitate the
measurement by AMS. The information includes the frequency reuse parameters of each frequency
partition, the corresponding power levels and associated metric for each partition. Resource metric of each
frequency partition is the measure of the overall system resource usage by the partition (such as effective
bandwidth due to reuse, transmission power, multi-antennas, and interference to other cells and so on).
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18.1.1.2  Inter-ABS Coordination

In order to support FFR, the ABSs is capable of reporting interference statistics and exchanging its FFR
configuration parameters which may include frequency partitions, power levels of each partition, associated
metric of each partition with each other or with some control element in the backhaul network. Some of
the coordination may be achieved by signaling over air-interface and the configuration format for FFR
coordination is being studied.

18.1.2  Uplink FFR

18.1.2.1 Interference Measurement and Signaling Support

For UL FFR, the ABS is capable to estimate the interference statistics over each frequency partitions. In
order to support UL FFR, the ABS can transmit necessary information through a feedback channel or
message to the AMS. The information can include the frequency reuse parameters of each frequency
partitions and the corresponding uplink power control parameters and IoT target level.

18.1.2.2 Inter-ABS Coordination

In order to support UL FFR, for every FP, the ABS is capable of reporting its interference statistics and
exchanging its FFR configuration and corresponding UL power control target with each other or with some
control element in the backhaul network. Note that some of the coordination may be achieved by signaling
over air-interface and the configuration format for FFR coordination is being studied.

Figure 101a and Figure 101b show examples of integration of FFR with UL power control (Section
11.10.2). In Figure 101a, system adaptively designates different IoT targets for UL power control over
different PRUs in each frequency partition. An AMS assigned for a partition needs to do power control
properly considering the target IoT level of other cells for that partition. If the target IoT level of other cells
for a partition is low, for example, an AMS assigned to that partition should transmit with lower power not
to interfere with users in other cells. If the target [oT level of other cells for a partition is high, then a user
assigned for that partition may transmit with higher power. To control system-wide interference, the ABS
can adjust the frequency partitions and the corresponding target IoT level in coordination with other ABSs.

Another example for SINR based UL power control is given in Figure 101(b), where different target SINR
level may be designated for different frequency partitions.

Target [oT Level

\
Sector 1 ‘ A ‘ B ‘ C D
Frequency
Sector 2 A B C D
Sector 3 ’71\ B ‘ C }—D‘
L N
Reuse 1 Reuse 1/3
()
Target SINR Level
Y
\
Sector 1 A ‘ B ‘ C ‘ D ‘
Frequency
Sector 2 A B C D
e
Sector 3 A B ‘ C ‘ D
Reuse 1 Reuse 1/3

(b)

Figure 101: Example to integrate FFR and UL power control
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18.2 Interference Mitigation using Advanced Antenna Technologies

IEEE 802.16m should support advanced antenna technologies to mitigate inter-cell interference.

18.2.1  Single Cell Antenna Processing with Multi-ABS Coordination

The details of single cell antenna processing are defined in Section 11.8. This subsection introduces the
interference mitigation techniques based on the MIMO schemes defined in Section 11.8 with extended
inter-ABS coordination mechanisms and interference measurement support. Note that the inter-ABS
coordination mechanisms in this subsection do not require data forwarding between different cells, i.e.
different ABS will not transmit the same data to an AMS. The coordination between ABSs should be
through efficient signaling over the backhaul network with slow frequency. The coordination information
from adjacent ABS can help the scheduler on the serving ABS to mitigate interference through scheduling.

When precoding technique is applied in neighboring cells, the inter-cell interference can be mitigated by
coordinating the PMIs (Precoding Matrix Indexes) applied in neighboring cells. For example, the AMS can
estimate which PMIs in neighboring cell will result in severe interference level and report the PMI
restriction or recommendation to the serving ABS. The serving ABS can then forward this information to
recommend its neighboring ABSs a subset of PMIs to use or not to use. Based on this information, the
neighboring ABS can configure the codebook and broadcast or multicast it.

In addition, the PMI coordination can also be applied in UL. One example is that the neighboring ABSs can
estimate the sounding signal transmitted by specific AMS and identify which PMIs may result in significant
interference. By forwarding this information over the backhaul network, the serving ABS can instruct the
AMS to choose the proper PMI or the combination of PMIs for maximizing SINR to its own cell and
minimizing the interference to neighboring cells.

Precoding with interference nulling can also be used to mitigate the inter-cell interference. For example,
additional degrees of spatial freedom at an ABS can be exploited to null its interference to neighboring
cells.

18.2.1.1 Inter-ABS Coordination

In order to support PMI coordination to mitigate inter-cell interference, the ABSs is capable of exchanging
the interference measurement results such as the recommended PMI subset to be restricted or to be applied
in neighboring cells with each other or with some control element in the backhaul network. For UL PMI
coordination, this subset is estimated by the ABS through estimating the sounding signals transmitted by
specific AMSs. In order to facilitate the PMI coordination and interfering PMIs estimation, the information
on the PMI and the associated resource allocation applied in each cell should also be exchanged.

In order to support precoding with interference nulling, the associated resource allocation and some control
element should be exchanged between neighboring ABSs.

Note that the PMI coordination may also be integrated with the FFR defined in Section 19.1. For example,
the ABS may apply FFR to isolate some of the interference sources if the PMIs restrictions recommended
by different AMSs are contradicted with each other.

18.2.1.2 Interference Measurement

In order to support DL PMI coordination to mitigate inter-cell interference, the AMS is capable of
measuring the channel from the interfering ABS, calculates the worst or least interfering PMIs, and
feedbacks the restricted or recommended PMIs to the serving ABS together with the associated ABS IDs or
information assisting in determining the associated ABS IDs. PMI for neighboring cell is reported based on
the base codebook.. The measurement can be performed over the region implicitly known to the AMS or
explicitly designated by the ABS. The PMIs can then be reported to the ABS by UL control channel and/or
MAC layer messaging in solicited/unsolicited manner.

For UL PMI coordination, the ABS is capable of measuring the channel from the interfering AMS using
sounding signals. The neighboring ABS should calculate the PMIs with least interference and forward them
to the serving ABS.

The priority of selection of PMIs forwarded from neighboring ABS is set in DL/UL. For priority of
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selection of PMIs, measurements such as SINR, normalized interference power, or IoT for each resource
unit (e.g., a subchannel, a fraction of PRU) is required, and it should be forwarded from the neighboring
ABS. The measured CINR should provide an accurate prediction of the CINR when the transmission
happens with the coordinated DL closed loop transmission. In order to mitigate UL interference,
corresponding to each sub-band, or RB(s), the ABS may send an indication to neighbor ABSs if the IoT is
above the thresholds.

In addition to PMlIs, additional interference measurements may need to be reported to resolve conflicting
requests from different AMSs.

In order to support precoding with interference nulling to mitigate inter-cell interference, an ABS is capable
of measuring the channel from an interfering AMS.

18.2.2  Multi-ABS Joint Antenna Processing

This subsection introduces the techniques to use joint MIMO transmission or reception across multiple
ABSs for interference mitigation and for possible macro diversity gain, and the Collaborative MIMO (Co-
MIMO) and the Closed-Loop Macro Diversity (CL-MD) techniques are examples of the possible options.
For downlink Co-MIMO, multiple ABSs perform joint MIMO transmission to multiple AMSs located in
different cells. Each ABS performs multi-user precoding towards multiple AMSs, and each AMS is
benefited from Co-MIMO by receiving multiple streams from multiple ABSs. For downlink CL-MD, each
group of antennas of one ABS performs narrow-band or wide-band single-user precoding with up to two
streams independently, and multiple ABSs transmit the same or different streams to one AMS. Sounding
based Co-MIMO and CL-MD are supported for TDD, and codebook based ones are supported for both
TDD and FDD.

18.2.2.1 Closed-loop Multi-ABS MIMO

For the uplink, macro-diversity combining, cooperative beamforming and interference cancellation can be
used across multiple base stations to mitigate inter-cell interference.

18.2.2.1.1 Inter-ABS Coordination

For macro-diversity combining, soft decision information in the form of log-likelihood ratios is generated
at different ABSs and combined. This will require the exchange of non-persistent allocations of scheduling
information and soft-decision information across ABSs.

For cooperative beamforming, joint multi-antenna processing is carried out across ABSs. This will require
the exchange of non-persistent allocations of channel state information, scheduling information and
quantized versions of received signals across ABSs.

For interference cancellation, an ABS that is unable to decode data for a particular user may request a
neighboring ABS to exchange the decoded data of the interfering users along with scheduling and
transmission format related information. The information exchanged may be used in conjunction with
channel state information for the purpose of interference cancellation.

Cooperative cells can have the same permutation for resource allocation.

For all of these uplink multi-ABS MIMO techniques, channel state information can be derived either
through different pilots or sounding channels per sector or cell.

The ABSs can coordinate transmission of their beams, so that interference from neighboring cells can be
almost completely eliminated. Furthermore, if ABSs cannot coordinate, then the sequence in which beams
are served can be chosen randomly and independently at each ABS.

In order to support CL-MD, the associated resource allocation and some control element should also be
exchanged between neighboring ABSs. For codebook-based cases, the AMSs involved in coordination
determines the PMI for each coordinating ABS, and reports them to the serving ABS, which in turn
forwards the corresponding PMI to the relevant ABS via the network interface. For sounding based cases,
the ABSs involved in coordination obtain precoding matrix based on uplink sounding.

Note that CL-MD may also be integrated with the FFR defined in Section 19.1
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In order to support Co-MIMO, the associated resource allocation and some control element should also be
exchanged among coordinating ABSs. For codebook-based cases, the AMS involved in coordination
determines narrow precoding matrix index (PMI) for each coordinating ABS, and reports these to the
serving ABS, which in turn forwards the corresponding PMI to the relevant ABS via the network interface.
For sounding based cases, the ABS involved in coordination estimates the channel state information (CSI)
using uplink sounding for all AMSs involved in coordination, and calculates multiuser precoding matrixes
for these users.

18.2.2.1.2 Measurement Support

An ABS that senses high levels of interference may send a request for inter-cell interference reduction to a
neighboring ABS along with identification of dominant interfering AMSs. Once a neighboring ABS with
dominant interfering AMSs accepts the inter-cell interference reduction request, the measurement process
will be started. The measurement process requires estimation of channel state information for AMSs
involved in multi-ABS joint antenna processing.

The ABS can request multiple uplink sounding signals per AMS during a Frame to enable the measurement
of CQI on a per beam basis.

In order to support codebook based CL-MD, the AMS is capable of measuring the channel from the
interfering ABS, and calculate the PMI for it. In order to support sounding based CL-MD, the ABS is
capable of measuring the channel from an interfering AMS, and calculates the precoding matrix for it.

In order to support codebook based Co-MIMO, the AMS is capable of measuring the channel from all
ABSs involved in coordination, and calculates the PMIs for them. In order to support sounding based Co-
MIMO, the ABSiscapable of measuring the channel from all AMSs involved in coordination, and calculates
the precoding matrixes for these users.

18.3 Interference Mitigation using Power Control and Scheduling

The ABS may use various techniques to mitigate the interference experienced by the AMS or to reduce the
interference to other cells. The techniques may include sub-channels scheduling, dynamic transmit power
control, dynamic antenna patterns adjustment, and dynamic modulation and coding scheme. As an example,
the ABS may allocate different modulation and coding schemes (MCS) to mobiles through UL scheduling
which indirectly controls mobile transmit power and the corresponding UL interference to other cells. The
ABS can exchange information related to UL power control schemes with other neighbor ABSs. The AMS
may use interference information and its downlink measurements to control the uplink interference it
causes to adjacent cells.

Using interference information the ABS may attempt intra-ABS techniques such as alternative traffic
scheduling, adjustment of MCS to avoid interference and the ABS may also use inter-ABS techniques such
as the examples depicted in Sections 19.1and 19.2.

DL interference mitigation may be achieved by allocating different DL power boosting over different sub-
channels, while the UL interference mitigation may also be achieved by setting different power control
schemes (Section 11.10.2). Both the UL and DL power control techniques may be further cooperated with
the FFR (Section 19.1) and the advanced antenna technologies (Section 19.2) for better performances.

The ABS can schedule AMSs with high mutual interference potential on different subchannels or frequency
partitions, e.g. by exchanging scheduling constraints between coordinating ABSs. The necessary
interference prediction may be based on the interference and channel measurement mechanisms defined in
Sections 19.1and 19.2.

18.4 Interference Mitigation Using Cell/sector-specific Interleaving

Cell/sector specific interleaving may be used to randomize the transmitted signal, in order to allow for
interference suppression at the receiver.
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19 Inter-ABS Synchronization

19.1 Network Synchronization

For TDD and FDD realizations, it is recommended that all ABSs should be time synchronized to a common
timing signal. In the event of the loss of the network timing signal, ABSs continues to operate and
automatically resynchronizes to the network timing signal when it is recovered. The synchronizing
reference is a 1 pps timing pulse and a 10 MHz frequency reference. These signals are typically provided
by a GPS receiver but can be derived from any other source which has the required stability and accuracy.
For both FDD and TDD realizations, frequency references derived from the timing reference may be used
to control the frequency accuracy of ABSs provided that they meet the frequency accuracy. This applies
during normal operation and during loss of timing reference.

19.2 Downlink Frame Synchronization

At the ABS, the transmitted downlink radio frame is time-aligned with the 1pps timing pulse with a
possible delay shift of n micro-seconds (n being between 0 and 4999). The start of the preamble symbol,
excluding the CP duration, is time aligned with 1pps plus the delay of n micro-seconds timing pulse when
measured at the antenna port.
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0 -5.46 0.00016( -0.177618 0 -8.97 0.000071| -18.43787 0 -7.28| 0.000494 -13.22933 0 -9.79 0.000086 | -24.78737
1 0.96 0.000174 | -0.053981 1 -4.30 0.000075| -18.23849 1 -3.90| 0.000524 -13.05857 1 -5.62 0.000092 [ -24.55027
2 223 0.000192| 0.069656 2 -3.35 0.000082| -18.0391 2 -3.02| 0.000553( -12.8878 2 -4.64 0.000099 [ -24.31316
3 3.08 0.000207 | 0.193293 3 -2.78 0.000092| -17.83971 3 -2.52| 0.000578| -12.71704 3 -4.08 0.000102 [ -24.07605
4 3.73 0.000217 0.31693 4 -2.35 0.000102| -17.64032 4 -213 0.00061| -12.54627 4 -3.59 0.000111 -23.83895
5 4.22 0.00023( 0.440567 5 -2.02 0.000113| -17.44094 5 -1.78| 0.000642( -12.37551 5 -3.21 0.000119| -23.60184
6 4.66 0.000256 | 0.564204 6 -1.68 0.000125| -17.24155 6 -1.48| 0.000677 | -12.20474 6 -2.89 0.000124 [ -23.36473
7 5.05 0.000272| 0.687841 7 -1.41 0.000133| -17.04216 7 -1.22| 0.000715| -12.03398 7 -2.62 0.000131 [ -23.12762
8 5.42 0.000289| 0.811479 8 -1.15 0.000142| -16.84277 8 -0.98| 0.000761| -11.86322 8 -2.37 0.00014 | -22.89052
9 5.70 0.000309| 0.935116 9 -0.92 0.000156 | -16.64339 9 -0.79| 0.000804 -11.69245 9 -2.14 0.000147 [ -22.65341
10 6.01 0.000326| 1.058753 10 -0.71 0.000172 -16.444 10 -0.59| 0.000851| -11.52169 10 -1.91 0.000153( -22.4163
" 6.28 0.000342 1.18239 " -0.50 0.000186 | -16.24461 " -0.42| 0.000898 -11.35092 " -1.71 0.00016( -22.1792
12 6.56 0.000372| 1.306027 12 -0.32 0.000203 | -16.04523 12 -0.26| 0.000954 -11.18016 12 -1.52 0.000173 [ -21.94209
13 6.85 0.000404 | 1.429664 13 -0.13 0.000226 | -15.84584 13 -0.11( 0.001012| -11.00939 13 -1.31 0.000185 [ -21.70498
14 712 0.000426 | 1.553301 14 0.04 0.000248 | -15.64645 14 0.04| 0.001063( -10.83863 14 -1.13 0.000197 [ -21.46788
15 7.38 0.000448 | 1.676939 15 0.22 0.000273| -15.44706 15 0.19| 0.001127( -10.66786 15 -0.94 0.000211 -21.23077
16 7.66 0.000486| 1.800576 16 0.36 0.000299 | -15.24768 16 0.31| 0.001189( -10.4971 16 -0.78 0.000224 [ -20.99366
17 7.96 0.000516| 1.924213 17 0.52 0.000324 | -15.04829 17 0.46| 0.001259( -10.32634 17 -0.61 0.000238 [ -20.75655
18 8.27 0.000546 2.04785 18 0.66 0.000356 | -14.8489 18 0.59| 0.001331( -10.15557 18 -0.44 0.000252 [ -20.51945
19 8.59 0.000588| 2.171487 19 0.79 0.000392| -14.64951 19 0.71| 0.001413( -9.984807 19 -0.28 0.000266 | -20.28234
20 8.91 0.000643| 2.295124 20 0.93 0.000435| -14.45013 20 0.82| 0.001501( -9.814043 20 -0.13 0.000284 [ -20.04523
21 9.22 0.000681| 2.418761 21 1.06 0.000484 | -14.25074 21 0.95| 0.001582( -9.643278 21 0.02 0.000303 [ -19.80813
22 9.56 0.000703| 2.542398 22 1.18 0.000524 | -14.05135 22 1.08( 0.001669| -9.472514 22 0.17 0.000323 [ -19.57102
23 9.85 0.000743| 2.666036 23 1.31 0.000565| -13.85196 23 1.20( 0.001761| -9.30175 23 0.34 0.000342 [ -19.33391
24 10.16 0.000792| 2.789673 24 1.43 0.000625| -13.65258 24 1.31( 0.001873| -9.130985 24 0.49 0.000365 [ -19.09681
25 1047 0.00083 291331 25 1.54 0.000682| -13.45319 25 1.42( 0.001982| -8.960221 25 0.64 0.000386 | -18.8597
26 10.76 0.000878| 3.036947 26 1.66 0.000742| -13.2538 26 1.53( 0.002102| -8.789456 26 0.79 0.000409 | -18.62259
27 11.04 0.000932| 3.160584 27 1.78 0.000808 | -13.05442 27 1.65( 0.002222| -8.618692 27 0.93 0.000435 [ -18.38548
28 11.31 0.000982| 3.284221 28 1.90 0.000888 | -12.85503 28 1.77( 0.002357| -8.447928 28 1.07 0.00047 | -18.14838
29 11.58 0.001032| 3.407858 29 2.02 0.000986 | -12.65564 29 1.88( 0.002501| -8.277163 29 1.22 0.0005| -17.91127
30 11.86 0.001099| 3.531496 30 215 0.001074| -12.45625 30 1.98( 0.002653| -8.106399 30 1.38 0.000535 [ -17.67416
31 121 0.001157| 3.655133 31 227 0.001194| -12.25687 31 2.08| 0.002828( -7.935635 31 1.53 0.000568 [ -17.43706
32 12.37 0.001234 3.77877 32 239 0.001312| -12.05748 32 2.19| 0.003006( -7.76487 32 1.69 0.000606 | -17.19995
33 12.62 0.001288| 3.902407 33 2.50 0.001441| -11.85809 33 2.29| 0.003214( -7.594106 33 1.85 0.000645 [ -16.96284
34 12.86 0.001366| 4.026044 34 262 0.00158( -11.6587 34 241 0.00342( -7.423342 34 2.01 0.000684 [ -16.72574
35 13.16 0.001448 | 4.149681 35 275 0.00172| -11.45932 35 2.52| 0.003653( -7.252577 35 2.16 0.000727 [ -16.48863
36 13.46 0.001551| 4.273318 36 2.86 0.001875| -11.25993 36 2.63| 0.003903( -7.081813 36 233 0.000775 [ -16.25152
37 13.78 0.001648| 4.396955 37 298 0.00205( -11.06054 37 2.75| 0.004163( -6.911048 37 248 0.000817 [ -16.01441
38 14.05 0.001743| 4.520593 38 3.10 0.002227| -10.86116 38 2.84| 0.004443( -6.740284 38 2.66 0.000871-15.77731
39 14.35 0.001844 4.64423 39 3.23 0.002425| -10.66177 39 2.95| 0.004763( -6.56952 39 2.82 0.000932 -15.5402
40 14.61 0.001976| 4.767867 40 3.35 0.002634 | -10.46238 40 3.07| 0.005121( -6.398755 40 299 0.000991 [ -15.30309
4 14.86 0.002116| 4.891504 4 348 0.002863| -10.26299 4 3.17| 0.005496  -6.227991 41 3.17 0.001054 [ -15.06599
42 156.11 0.002226| 5.015141 42 3.61 0.003094 | -10.06361 42 3.28| 0.005901( -6.057227 42 3.34 0.001126 | -14.82888
43 15.38 0.002363| 5.138778 43 3.73 0.003345| -9.864219 43 3.40| 0.006336( -5.886462 43 3.54 0.001203 [ -14.59177
44 15.65 0.002512| 5.262415 44 3.86 0.003615| -9.664831 44 3.62| 0.006819( -5.715698 44 3.74 0.001292 [ -14.35467
45 15.88 0.002674| 5.386053 45 3.99 0.003909 | -9.465444 45 3.64 0.00735( -5.544934 45 3.93 0.001381 [ -14.11756
46 16.13 0.002841 5.50969 46 4.14 0.004233| -9.266057 46 3.75| 0.007931( -5.374169 46 4.12 0.001469 [ -13.88045
47 16.34 0.003051| 5.633327 47 4.28 0.004538| -9.06667 47 3.88| 0.008543( -5.203405 47 4.33 0.001571( -13.64334
48 16.55 0.003213| 5.756964 48 4.40 0.00489| -8.867282 48 4.01( 0.009222| -5.03264 48 4.56 0.001678 [ -13.40624
49 16.77 0.003393| 5.880601 49 4.55 0.005269 | -8.667895 49 4.13[ 0.010024| -4.861876 49 4.77 0.0018|-13.16913
50 16.98 0.003592| 6.004238 50 4.71 0.005678 | -8.468508 50 4.25( 0.010846| -4.691112 50 4.98 0.001929 [ -12.93202
51 17.18 0.003769| 6.127875 51 4.86 0.006104| -8.26912 51 4.37( 0.011803| -4.520347 51 5.19 0.002066 | -12.69492
52 17.37 0.003988| 6.251512 52 5.02 0.006567 | -8.069733 52 4.50 0.0128| -4.349583 52 5.42 0.002221 -12.45781
53 17.57 0.004262 6.37515 53 5.17 0.007038 | -7.870346 53 464 0.013844| -4.178819 53 5.66 0.002378( -12.2207
54 17.77 0.004521| 6.498787 54 5.33 0.007562| -7.670959 54 4.78( 0.015059| -4.008054 54 5.88 0.002544 -11.9836
55 17.97 0.004808 | 6.622424 55 5.49 0.008096 | -7.471571 55 491 0.016421| -3.83729 55 6.12 0.002707 [ -11.74649
56 18.16 0.005145| 6.746061 56 5.67 0.008648 | -7.272184 56 5.07| 0.017892( -3.666526 56 6.35 0.002909 [ -11.50938
57 18.33 0.005471| 6.869698 57 5.84 0.009264 | -7.072797 57 5.22| 0.019529( -3.495761 57 6.58 0.00313( -11.27227
58 18.52 0.005791| 6.993335 58 6.04 0.009912| -6.873409 58 5.36| 0.021313( -3.324997 58 6.82 0.003355 ( -11.03517
59 18.71 0.00614( 7.116972 59 6.24 0.010645| -6.674022 59 5.53| 0.023304( -3.154232 59 7.08 0.003598 [ -10.79806
60 18.87 0.006471 7.24061 60 6.46 0.011379| -6.474635 60 5.68| 0.025435( -2.983468 60 7.30 0.003858 [ -10.56095
61 19.04 0.006874 | 7.364247 61 6.67 0.012174| -6.275248 61 5.85 0.02786 -2.812704 61 7.53 0.004129 [ -10.32385
62 19.21 0.00736( 7.487884 62 6.88 0.01301| -6.07586 62 6.03| 0.030467 | -2.641939 62 7.74 0.004441(-10.08674
63 19.39 0.007825| 7.611521 63 ™ 0.013865| -5.876473 63 6.21| 0.033349( -2.471175 63 7.96 0.004753 [ -9.849632
64 19.56 0.008318| 7.735158 64 7.31 0.014785| -5.677086 64 6.38| 0.036465( -2.300411 64 8.17 0.005084 [ -9.612525
65 19.74 0.008784| 7.858795 65 7.53 0.015747 | -5.477698 65 6.56| 0.039944( -2.129646 65 8.41 0.005437 [ -9.375418
66 19.92 0.009385| 7.982432 66 7.74 0.016761| -5.278311 66 6.75| 0.043727( -1.958882 66 8.66 0.005816 | -9.138311
67 20.11 0.009938| 8.106069 67 7.96 0.017879| -5.078924 67 6.93| 0.047912( -1.788118 67 8.88 0.006232 [ -8.901204
68 20.29 0.010543| 8.229707 68 8.16 0.019052 | -4.879537 68 712 0.05249( -1.617353 68 9.10 0.006684 | -8.664097
69 20.49 0.011251| 8.353344 69 8.39 0.020319| -4.680149 69 7.32| 0.057477( -1.446589 69 9.33 0.007169 -8.42699
70 20.70 0.011952| 8.476981 70 8.60 0.021612| -4.480762 70 7.53| 0.062919( -1.275824 70 9.53 0.00769 -8.189883
! 20.91 0.01274( 8.600618 ! 8.82 0.022993| -4.281375 ! 7.74| 0.068883( -1.10506 7 9.77 0.008259 [ -7.952776
72 21.15 0.013535| 8.724255 72 9.04 0.024532| -4.081987 72 7.96| 0.075212( -0.934296 72 9.99 0.008877 [ -7.715669
73 21.37 0.014363| 8.847892 73 9.25 0.026176 -3.8826 73 8.19| 0.082129( -0.763531 73 10.22 0.009515 [ -7.478562
74 21.62 0.01522( 8.971529 74 9.49 0.027919| -3.683213 74 8.42| 0.089677 | -0.592767 74 10.41 0.010213 [ -7.241455
75 21.90 0.016207 | 9.095167 75 9.70 0.0298| -3.483826 75 8.64| 0.097852( -0.422003 75 10.60 0.010963 [ -7.004348
76 2217 0.017222| 9.218804 76 9.92 0.031787 | -3.284438 76 8.87| 0.106695( -0.251238 76 10.80 0.011779| -6.767241
7 22.42 0.018358 | 9.342441 7 10.15 0.033932| -3.085051 7 9.10| 0.116141( -0.080474 77 11.01 0.012653 [ -6.530134
78 22.64 0.019514| 9.466078 78 10.36 0.03627 | -2.885664 78 9.34| 0.126293 0.09029 78 11.22 0.013594 | -6.293027
79 22.85 0.020768| 9.589715 79 10.57 0.038769| -2.686276 79 9.57| 0.137149( 0.261055 79 1.41 0.014635( -6.05592
80 23.07 0.022214| 9.713352 80 10.81 0.041426 | -2.486889 80 9.83| 0.148702( 0.431819 80 11.64 0.015777( -5.818813
81 23.28 0.023647| 9.836989 81 11.02 0.044269| -2.287502 81 10.09| 0.160942( 0.602584 81 11.87 0.016963 [ -5.581706
82 23.46 0.025158| 9.960627 82 11.24 0.047381| -2.088115 82 10.32| 0.173959( 0.773348 82 12.07 0.018275 [ -5.344599
83 23.65 0.026761| 10.084264 83 11.48 0.050688 | -1.888727 83 10.58| 0.187807( 0.944112 83 12.27 0.019681 [ -5.107492
84 23.84 0.028531| 10.207901 84 1.71 0.054317| -1.68934 84 10.84| 0.202357( 1.114877 84 12.49 0.021146 | -4.870385
85 24.05 0.030417 10.331538 85 11.94 0.058234 | -1.489953 85 11.10| 0.217424| 1.285641 85 1271 0.022761 [ -4.633278
86 24.28 0.032409 | 10.455175 86 12.18 0.062397 | -1.290565 86 11.35( 0.233275| 1.456405 86 12.93 0.024532 [ -4.396171
87 24.50 0.034644| 10.578812 87 12.41 0.066965| -1.091178 87 11.66( 0.249631 1.62717 87 13.16 0.026422 [ -4.159064
88 24.71 0.036871 10.702449 88 12.67 0.071988 | -0.891791 88 11.95( 0.266365| 1.797934 88 13.38 0.028475 [ -3.921957
89 24.91 0.039393 | 10.826086 89 12.92 0.077393| -0.692404 89 12.22| 0.283654 1.968698 89 13.60 0.030657 [ -3.68485
90 25.10 0.041965| 10.949724 90 13.19 0.083311| -0.493016 90 12.53 0.3011| 2.139463 90 13.86 0.033106 | -3.447743
91 25.31 0.044687 | 11.073361 91 13.44 0.089806 | -0.293629 91 12.91| 0.318808( 2.310227 91 14.13 0.035738 [ -3.210636
92 25.53 0.047741| 11.196998 92 13.75 0.096967 | -0.094242 92 13.25| 0.336733| 2.480992 92 14.41 0.038654 [ -2.973529
93 25.74 0.050958 | 11.320635 93 14.07 0.104781| 0.105146 93 13.64| 0.354444( 2.651756 93 14.70 0.041751 [ -2.736422
94 26.04 0.054201 | 11.444272 94 14.39 0.113519| 0.304533 94 14.03| 0.372117 2.82252 94 14.99 0.045103 [ -2.499315
95 26.40 0.057709| 11.567909 95 14.75 0.122993 0.50392 95 14.44| 0.389462( 2.993285 95 15.34 0.04885 [ -2.262208
96 26.83 0.061453 | 11.691546 96 1617 0.133404| 0.703307 96 14.90| 0.406391( 3.164049 96 15.76 0.052839 [ -2.025101
97 27.29 0.065571| 11.815184 97 15.63 0.144845| 0.902695 97 15.40| 0.423024( 3.334813 97 16.23 0.057271( -1.787994
98 27.86 0.069852 | 11.938821 98 16.26 0.157339| 1.102082 98 16.05| 0.439089( 3.505578 98 16.85 0.06209 | -1.550887
99 28.68 0.074387 | 12.062458 99 17.18 0.170963| 1.301469 99 17.08| 0.454636( 3.676342 99 17.82 0.067364( -1.31378
100 37.59 0.079344 | 12.186095 100 21.41 0.185773| 1.500857 100 22.50| 0.469652| 3.847106 100 22.94 0.073246 [ -1.076673
0.084559| 12.309732 0.20166( 1.700244 0.483907  4.017871 0.079669 [ -0.839566
0.090038 | 12.433369 0.218729| 1.899631 0.497689( 4.188635 0.086738 [ -0.602459
0.095963 | 12.557006 0.236664 | 2.099019 0.510734 4.3594 0.094515 [ -0.365352
0.102035 | 12.680643 0.255472| 2.298406 0.523182( 4.530164 0.103046 | -0.128245
0.10859( 12.804281 0.274928| 2.497793 0.535012( 4.700928 0.112356 | 0.108862
0.115627 | 12.927918 0.294752 269718 0.546262( 4.871693 0.122565( 0.345969
0.123069 | 13.051555 0.314902| 2.896568 0.556839 5.042457 0.133711| 0.583076
0.130862| 13.175192 0.335018| 3.095955 0.567034 5.213221 0.146005( 0.820183
0.139217 | 13.298829 0.354714| 3.295342 0.57667| 5.383986 0.159325( 1.05729
0.148018 | 13.422466 0.373873 3.49473 0.585947 5.65475 0.173642( 1.294397
0.157475| 13.546103 0.392408| 3.694117 0.594791( 5.725514 0.189002( 1.531504
0.167578 | 13.669741 0.410303| 3.893504 0.603207 | 5.896279 0.205548( 1.768611
0.178203 | 13.793378 0.427273| 4.092891 0.611311| 6.067043 0.222896( 2.005718
0.189425| 13.917015 0.443243| 4.292279 0.619218( 6.237808 0.241056  2.242825
0.201113| 14.040652 0.458438| 4.491666 0.626742( 6.408572 0.259995( 2.479932
0.213727 | 14.164289 0.472781| 4.691053 0.634053( 6.579336 0.279473( 2.717039
0.226617 | 14.287926 0.486367 | 4.890441 0.641161| 6.750101 0.299255( 2.954146
0.240134 | 14.411563 0.49917( 5.089828 0.648087  6.920865 0.319188( 3.191253
0.254536 14.5352 0.5113| 5.289215 0.654892( 7.091629 0.33911| 3.42836
0.269901 | 14.658838 0.522741| 5.488602 0.661546 7.262394 0.358761( 3.665467
0.285512| 14.782475 0.53376 5.68799 0.668036( 7.433158 0.378024 3.902574
0.301744| 14.906112 0.544317| 5.887377 0.674423( 7.603922 0.396647 [ 4.139681
0.318856 | 15.029749 0.554498| 6.086764 0.68078| 7.774687 0.414522( 4.376788
0.336576 | 15.153386 0.564316| 6.286152 0.68701| 7.945451 0.431682( 4.613895
0.355218 | 15.277023 0.573781| 6.485539 0.693318( 8.116216 0.448027 ( 4.851002
0.374481| 15.40066 0.582934 | 6.684926 0.699511 8.28698 0.463658( 5.088109
0.394112| 15.524298 0.591997| 6.884313 0.705595( 8.457744 0.478685( 5.325216
0.414477 | 15.647935 0.600787 | 7.083701 0.711638| 8.628509 0.492719( 5.562323
0.435559| 15.771572 0.609432| 7.283088 0.717721| 8.799273 0.506139| 5.79943






0.456936
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0.501824
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0.638331
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15.895209
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