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1	Background
The period from October 2009 (the 6th meeting of Working Party 5D) to June 2010 (the 8th meeting of Working Party 5D) has been designated for evaluation of the IMT-Advanced candidate technology submissions by Independent Evaluation Groups.
ATIS WTSC is a registered Independent Evaluation Group. At the 8th meeting of Working Party 5D, a final Evaluation Report on IMT-Advanced candidate technology submissions in Documents IMT-ADV/4, IMT-ADV/5 and IMT-ADV/7 was submitted by ATIS WTSC (Doc. 5D/716). Working Party 5D has reviewed the evaluation report, and will consider it further in the IMT-Advanced development process.
2	Evaluation summary
2.1	Use of information in Report ITU-R M.2135-1
Working Party 5D has defined evaluation guidelines for IMT-Advanced candidate technology evaluation in the Report ITU-R M.2135. The latest version of this document is Report ITU-R M.2135-1.
Independent Evaluation Groups are requested to indicate in their inputs to Working Party 5D that they applied Report ITU-R M.2135-1 in their evaluation.
Does Independent Evaluation Group confirm use of Report ITU-R M.2135-1 in their work?
 Yes	 No
2.2	Provision of compliance templates
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No


Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.3	Summary of conclusions of the evaluation report
Does the Evaluation Report indicate that the candidate technology meet minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Spectrum requirements:	 Yes	 No
Which test environments have been considered in the evaluation report? What is outcome of the evaluation?

	Test environment
	Does the evaluation report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.4	Additional evaluation methodologies and assumptions
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2135-1 been used in evaluation?
 Yes	 No
3	Evaluation Report
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This contribution contains in Attachment 1 the final Evaluation Report from the ATIS WTSC Independent Evaluation Group. The Report contains a detailed analysis of the analytical, inspection, and simulated characteristics defined in Report ITU-R M.2134 using a methodology described in Report ITU-R M.2135-1.


The evaluation targets the RIT proposal contained in IMT-ADV/4.  It is the understanding of ATIS WTSC that this evaluation will apply as well to the technically identical proposals in IMT-ADV/5 and IMT-ADV/7.


In accordance with Document 5D/TEMP//268(Rev 1), the attached evaluation report consists of 2 Parts:


–
Part I: Administrative aspects of the ATIS WTSC Evaluation Group;

–
Part II: Technical results of the work in ATIS WTSC.
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Part I


Administrative aspects of ATIS WTSC IEG


1
Name of the Independent Evaluation Group


The Independent Evaluation Group is called ATIS WTSC Evaluation Group.


2
Introduction/background of ATIS WTSC


The Wireless Technologies and Systems Committee (WTSC) is a technical standards committee chartered under the sponsorship of the Alliance for Telecommunications Solutions (ATIS) which serves as its secretariat.  ATIS is made up of more than 250 member companies sponsoring over 600 participants contributing to more than 20 committees.  ATIS is an SDO accredited by the American National Standards Institute (ANSI).


WTSC develops standards for the 3GSM family of technologies (GERAN, UMTS, HSPA, LTE) as well as other Broadband Wireless Access (BWA) technologies.  As of November 2009 there were 36 member companies of WTSC.


WTSC-RAN is the subcommittee of WTSC that is responsible for standards related to the Radio Access Network.  The WTSC-RAN subcommittee was given the responsibility of conducting the IMT-Advanced submission evaluations.

3
Method of work


The ATIS WTSC Evaluation Group conducts its work through: 


· Physical meetings where contributions are presented by the members and baseline text is adopted

· Email reflectors are utilized to communicate with the members

· A contribution database is maintained by ATIS for the work of WTSC-RAN

· Participation in the ITU-R Correspondence Group dedicated to the IMT-Advanced evaluation topic.

· Participation in the workshop organized by the proponent January 13, 2010 titled “First IEEE 802.16 IMT-Advanced Evaluation Group Coordination Meeting”.

· Participation in the 2nd workshop organized by the proponent May 17, 2010 titled “Second IEEE 802.16 IMT-Advanced Evaluation Group Coordination Meeting”

For this final evaluation report items were evaluated by analysis, inspection, and system simulation.


A question was formulated for the ADV/4 proponent concerning clarification needed over the handover interruption time for the intra-system, intra-frequency case.  The proponent responded with a clarification which is incorporated into this Report.


A question was posted to the Correspondence group forum by the Russian Evaluation Group concerning considering the mid-amble in the Peak Spectral Efficiency calculation.  The proponent provided a clarification for the Peak Spectral Efficiency calculation.  The updated results were incorporated in this report.

For this final report the assessment of the proponent submission and self-evaluation has been made by analytical, inspection, and system simulation methods as required in Report ITU-R M.2135-1, see Table 1 in Part II for details.


4
Administrative contact details


Steve Barclay, ATIS Director of Standards Development
sbarclay@atis.org

5
Technical contact details


Don Zelmer, Chairman WTSC
Don.zelmer@att.com

Jim Ragsdale, Chairman WTSC-RAN
Jim.ragsdale@ericsson.com

6
Other pertinent administrative information


ATIS WTSC homepage: 
http://www.atis.org/0160/index.asp

This homepage contains information about the Wireless Technologies and Systems Committee


ATIS WTSC Evaluation Group homepage:
http://www.atis.org/0160/IMT-AEvalGroup.asp

This homepage contains information about the ATIS WTSC Evaluation Group including meeting schedules


7
Structure of this Report


This Report consists of 3 Parts:


· Part I: Administrative Aspects of evaluation by ATIS WTSC

· Part II: Technical Aspects of the evaluation work by ATIS WTSC


· Annex: Contains detailed evaluation results and conclusions

The Report is structured such that Parts I and II are consistent with the structure agreed at the previous WP 5D meeting. 


Part II


Technical aspects of the work in ATIS WTSC IEG


8
What candidate technologies or portions of the candidate technologies they are or might anticipate evaluating


In this Report, results are presented for the RIT proposal in IMT-ADV/4 consisting of a TDD mode and an FDD mode. This Evaluation Report contains analytical, inspection, and system simulation evaluations.

It should be noted that technically this proposal is identical to the one in IMT-ADV/5 by Japan and to IMT-ADV/7 by TTA. Hence, this Evaluation Report is valid also as an evaluation report of these proposals.


ATIS WTSC has evaluated all characteristics required in Reports ITU-R M.2133 and ITU‑R M.2134 according to the following table.


Table 1


Evaluated characteristics and respective method


		Characteristic for evaluation

		Method

		Evaluation methodology / configurations


Related Section 
in Report ITU-R M.2135

		Related section of Reports ITU-R M.2134 and ITU-R M.2133

		Results provided in this preliminary evaluation report

		Proponent submission meets requirements


(see Annex for details)



		Cell spectral efficiency

		Simulation (system level)

		Report ITU-R M.2135§ 7.1.1, Tables  8-2, 8-4 
and 8-5

		Report ITU-R M.2134, § 4.1

		Yes

		Yes, see 


Sec 25



		Peak spectral efficiency

		Analytical

		Report ITU-R M.2135§ 7.3.1, 
Table 8-3

		Report ITU-R M.2134, § 4.2

		Yes

		Yes, see 


Sec 19.1



		Bandwidth

		Inspection

		Report ITU-R M.2135§ 7.4.1

		Report ITU-R M.2134, § 4.3

		Yes

		Yes, see 


Sec 18.1



		Cell edge user 
spectral efficiency

		Simulation (system level)

		Report ITU-R M.2135§ 7.1.2, Tables, 8-2, 8-4 
and 8-5

		Report ITU-R M.2134, § 4.4

		Yes

		Yes, see 


Sec 26



		Control plane 
latency

		Analytical

		Report ITU-R M.2135§ 7.3.2, 
Table 8-2

		Report ITU-R M.2134, § 4.5.1

		Yes

		Yes, see 


Sec 22.1



		User plane 
latency

		Analytical

		Report ITU-R M.2135§ 7.3.3; 
Table 8-2

		Report ITU-R M.2134, § 4.5.2

		Yes

		Yes, see 


Sec 21.1



		Mobility

		Simulation (system and link level)

		Report ITU-R M.2135§ 7.2, 
Tables 8-2 and 
8-7

		Report ITU-R M.2134, § 4.6

		Yes

		Yes, see 


Sec 28



		Intra- and inter-frequency 
handover interruption time

		Analytical

		Report ITU-R M.2135§ 7.3.4, 
Table 8-2

		Report ITU-R M.2134, § 4.7

		Yes

		Yes, see 


Sec 23



		Inter-system 
handover

		Inspection

		Report ITU-R M.2135§ 7.4.3

		Report ITU-R M.2134, § 4.7

		Yes

		Yes, see 


Sec 23



		VoIP capacity

		Simulation (system level)

		Report ITU-R M.2135§ 7.1.3, Tables  8-2, 8-4 
and 8-6

		Report ITU-R M.2134, § 4.8

		Yes

		Yes, see 


Sec 27



		Deployment 
possible in at 
least one of the identified 
IMT bands

		Inspection

		Report ITU-R M.2135§ 7.4.2

		Report ITU-R M.2133, § 2.2 

		Yes

		Yes, see 


Sec 18.1



		Channel bandwidth scalability

		Inspection

		Report ITU-R M.2135§ 7.4.1

		Report ITU-R M.2134, § 4.3

		Yes

		Yes, see 


Sec 18.1



		Support for a wide range of services

		Inspection

		Report ITU-R M.2135§ 7.4.4

		Report ITU-R M.2133, § 2.1

		Yes

		Yes, see 


Sec 15





In addition, evaluations of filled in compliance templates are provided.


9
Confirmation of utilization of the ITU-R evaluation guidelines in Report ITU‑R M.2135 (amended by IMT-ADV/3)


ATIS WTSC confirms that the evaluation guidelines provided in Report ITU-R M.2135-1 has been utilized.


10
Quality check per Report ITU-R M.2133 of the templates and the self-evaluation for each candidate technology as indicated in Part II)


10.1
Identify gaps/deficiencies in submitted material and/or self-evaluation


In IMT-ADV/4, WP 5D acknowledges the receipt of the candidate technology submission from the IEEE proponent. 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.


ATIS WTSC agrees with the WP 5D view and also finds the submission ‘complete’ per Section 4 of Report ITU‑R M.2133.


10.2
Identify areas requiring clarifications


None

10.3
General questions


None

11
Quantitative assessment


11.1
Detailed analysis/assessment and evaluation by the Independent Evaluation Group of the compliance templates submitted by the proponents per the Report ITU‑R M.2133, Section 4.2.4


See Annex of this Report.


11.2
Provide evaluators comments in the templates along with Independent Evaluation Group supporting documentation for such comments


See Annex of this Report.


11.3
Detailed analysis of the proponent’s self-evaluation by the Independent Evaluation Group


See Annex of this Report.


12
Questions and feedback to WP 5D and/or the proponents or other Independent Evaluation Groups


ATIS WTSC formulated a question requesting clarification of handover interruption time components.  A response was provided by the proponent which has been incorporated into this Report.

13
Proposed next steps towards finalization of Evaluation Report


This section is intentionally left blank as per Document 5D/TEMP/316(Rev.1).


Annex


Detailed evaluation results

14
Introduction


The following Annex provides the technical details of the inspection and analysis evaluation of the IEEE IMT-Advanced submission as contained in IMT-ADV/4.

15
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

		Yes, See below



		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

		Yes, See below





		4.2.4.1.1.2

		Support of rich conversational service class


Is the proposal able to support rich conversational service class?





                   (YES / NO

		Yes, See below 






		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

		Yes, See below







It can be read from proponent’s submission in IMT-ADV/4 that: 


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. 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). 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 best effort traffic.


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


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 DL/UL traffic change, the ABS may switch the service flow QoS parameters such as grant/polling interval or grant size based on predefined rules. 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.


15.1
Evaluation results


The above claims were verified through inspection of sources referenced in IMT-ADV/4. The following table is a summary of the QoS classes that are supported by the proposed RIT. Furthermore, it was confirmed that the proposed RIT supports enhanced multicast and broadcast service that includes video and audio streaming services. 

15.1.1
Service classification


		User experience class

		Service class

		Example services 



		Conversational

		Basic conversational
Satisfied by UGS 



		Voice telephony (including VoIP),
Emergency calling,
Push-to-talk.



		

		Rich conversational
Satisfied by rtPS



		Video conference,
High-quality video telephony,
Remote collaboration,
e-Education (e.g. video call to teacher),
Consultation (e.g. video interaction with doctor),
Mobile commerce.



		

		Conversational low delay
Satisfied by ErtPS




		Interactive gaming,
Consultation,
Priority service.





Comparing the above statements with functionalities specified in IMT-ADV/4 confirms the proponent’s claims regarding the service requirements.


16
Compliance template for spectrum


It can be read from proponent’s submission in IMT-ADV/4 that:  

		

		Spectrum capability requirements

		Evaluators
Comments



		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




		Yes, See below





16.1
Evaluation results


From the spectrum compliance template shown above, the IMT-ADV/4 proposal supports multiple IMT bands so the proponent’s statement is verified.


17
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?

		Evaluator


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

		Yes, See section 25



		

		

		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

		Yes, See section 19



		

		

		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

		Yes, See section 18



		

		

		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

		Yes, See section 18



		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

		Yes, See section 26



		

		

		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

		Yes, See section 22



		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

		Yes, See section 21



		4.2.4.3.7
Mobility classes
(4.6)

		Indoor

		Uplink

		Stationary, pedestrian

		supported

		(
Yes

No

		Yes, See section 28



		

		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

		Yes, See section 28



		

		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

		



		4.2.4.3.9
Intra-frequency hand-over interruption time
(ms)
(4.7)

		Not applicable

		Not applicable

		27.5

		5-10

		(
Yes

No

		Yes, See section 23



		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

		Yes, See section 23



		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

		Yes, See section 23



		4.2.4.3.12
Inter-system handover


(4.7)

		Not applicable

		Not applicable

		Not applicable

		Not applicable




		(
Yes

No

		Yes, See section 23



		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

		Yes, See section 27



		

		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.





18
Operation bandwidth 


It can be read from proponent’s submission in IMT-ADV/4 that: 


		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.





18.1
Evaluation results


From the information in IMT-ADV/4 compliance template entry 4.2.4.3.3 it is seen that the proposal can support more than three bandwidths through direct support (5, 10, 20, 8.75, and 7 MHz). Carrier aggregation can be used to support up to 100 MHz bandwidth.  It is confirmed that the IMT-ADV/4 proposal supports multiple bandwidths and scalability up to 40 MHz and the proponent’s statement is verified.

19
Peak spectral efficiency


It can be read from proponent’s submission in IMT-ADV/4 that 


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 2x20 MHz FDD with the FFT size of 2 048 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 (= 18x6) and 126 (= 18x7), 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 (= 5x92x96), denoted by NType1Subcarrier4 and 31680 (= 3x110x96), 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 46080 (= 5x96x96), denoted by NType1Subcarrier2, and 32256 (= 3x112x96), denoted by NType2Subcarrier2, respectively. Note that in 20 MHz, the 1728 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 - 1728) 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.

Therefore for FDD, the resulting peak spectral efficiencies are:


17.79 bit/s/Hz DL


9.40 bit/s/Hz UL

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 (= 3x92x96), denoted by N’Type1Subcarrier4 and 10560 (= 1x110x96), 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 27648 (= 3x96x96), denoted by N’Type1Subcarrier2, and 10752 (= 1x112x96), denoted by N’Type2Subcarrier2, respectively. Note that in 20 MHz, the 1728 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 - 1728) 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.

Therefore for TDD the resulting peak spectral efficiencies are:


16.96 bit/s/Hz DL

9.22 bit/s/Hz UL.


19.1
Evaluation results


ATIS notes that the overhead due to MIMO midamble has not been accounted for in the downlink overhead. ATIS suggests minor modification in the peak spectral efficiency calculation to reflect the effect of MIMO midamble. Uplink results are valid.


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 and Report ITU-R M.2135. 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 2 048 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.

One OFDMA symbol with the length of 97.143 µs is each allocated every frame on the DL subframe for preamble and MIMO midamble, respectively. 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 idle time and switching gap has been accounted for in the calculations: the idle time of 45.71 us for FDD and switching gap (TTG/RTG) of 142.853 us for TDD.

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 streams for DL 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 44 160 (= 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 radio resource with 96 RUs x 2 OFDMA symbols, i.e. 3 456 (= 2 x 18 x 96) subcarriers per frame, is utilized in DL as preamble and MIMO midamble.


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 – 3 456) x 6 x 4 / 5 ms = 347.44 Mbit/s.

Peak data rate in UL = (NType1Subcarrier2 + NType2Subcarrier2) x 6 x 2 / 5 ms = 188.01 Mbit/s.

The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz, resulting in: 

17.37 bit/s/Hz DL


  9.40 bit/s/Hz UL


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 radio resource with 96 RUs x 2 OFDMA symbols, i.e. 3 456 subcarriers per frame, is utilized in DL as preamble and MIMO midamble.

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 – 3 456) x 6 x 4 / 5 ms = 161.28 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 in:


16.13 bit/s/Hz DL

  9.22 bit/s/Hz UL 


The above peak spectral efficiency values have been recalculated based on information obtained from IMT-ADV/4 and the proponent’s claims are verified. 

20
Handover, user-plane and control-plane latencies network reference model


It can be read from proponent’s submission in IMT-ADV/4 that: 


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}
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21
User-plane latency


It can be read from proponent’s submission in IMT-ADV/4 that: 


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
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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. 

21.1
Evaluation results


The results of our analysis confirm the user-plane latencies reported by the proponent. Also the probability of retransmission or the probability of airlink transmission error (prior to HARQ) of 30% considered by the proponent is very conservative.

22
Control-plane latency


It can be read from proponent’s submission in IMT-ADV/4 that: 


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. 

22.1
Evaluation results


The results of our analysis confirm the user-plane latencies reported by the proponent. Also the probability of retransmission or the probability of airlink transmission error (prior to HARQ) of 30% considered by the proponent is very conservative.


23
Handover


23.1
Intra-RIT handover interruption time


It can be read from proponent’s submission in IMT-ADV/4 that: 

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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23.2
Intra-RIT, Intra-frequency handover 


It can be read from proponent’s submission in IMT-ADV/4 that: 


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.


23.3
Intra-RIT, Inter-frequency handover


It can be read from proponent’s submission in IMT-ADV/4 that: 


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
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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.


23.4
Handover to another IMT system


Proposed RIT provides a generic MAC management message called AAI_L2-XFER. This acts as a generic service container for various services including IEEE 802.21 MIH transfer, messaging service and inter-RAT interworking and handover, etc. 


This container is also used for IEEE Technology messages that are not processed by the ABS or ARS, rather are processed by network entities beyond the ABS.


23.5
Evaluation results


23.5.1
Question and response


A question was asked of the proponent: “In the IMT-ADV/4 submission Table 7-20 the summation of steps 6 and 7 is listed as 0 to 15 msec. However, step 7 is given as a fixed value of 5 msec by itself. Can the proponent please clarify the 0 to 15 msec range even given parallel processing of steps 6 and 7?”


The clarification received from the proponent stated: “The time duration provided in step 7 is the time interval for performing DL synchronization with the target BS. But keep in mind that in seamless handover the MS can continue communication with the serving BS while performing network re-entry with the target BS; therefore, this time duration is not counted in HO interruption time.”


With this clarification it has been verified that the IMT-ADV/4 proposal meets the IMT-Advanced HO interruption time, user-plane and control-plane latency requirements. Inspection of IMT-ADV/4 and this clarification reveals that the proposal can support continued communication with the serving BS when the MS performs network re-entry with the target BS; therefore, the HO interruption time is effectively zero for intra-frequency HO. Therefore, the interruption times reported by the proponent are verified.


Also specific mechanisms for inter-RAT have been specified in references to IMT-ADV/4.

Therefore, the proponent’s claim is verified.

24
System simulation assumption


The models and assumptions used for the simulation results presented in this report are aligned with the guidelines provided in Report ITU-R M.2135-1. The simulation assumptions and parameters for the IEEE 802.16m proposal evaluated in this contribution are according to Annex 3 of ITU-R IMT‑ADV/4. More specifically, Table 1 contains the OFDMA and frame parameters used in the simulations. Tables 2 and 3 contain the DL and UL configuration, respectively, used in the simulations for full-buffer data traffic (evaluation of cell and cell-edge user spectral efficiencies). Finally, Table 4 contains the VoIP configuration used in the simulations for VoIP traffic (evaluation of VoIP capacity).


Table 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
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		Subcarrier spacing

		10.9375 kHz
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		OFDMA symbol duration without cyclic prefix

		91.43 us
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		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 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 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 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

		7bytes,  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)





Tables 5-8 present the control overhead (OH) calculations for the DL TDD, DL FDD, UL TDD, and UL FDD modes, respectively. For comparison purposes, the last row in each table contains the control overhead percentage as provided by the proponent.


Table 5


Control overhead calculation for the DL TDD


		

		Indoor

		Microcellular

		Base coverage urban

		High speed



		

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %



		DL A-A-MAP

		16.8 LRUs

		1.69

		16.0 LRUs

		3.23

		10.7 LRUs

		2.16

		11.5 LRUs

		2.32



		UL A-A-MAP

		6.0 LRUs

		0.60

		7.8 LRUs

		1.57

		5.6 LRUs

		1.13

		5.2 LRUs

		1.05



		NUS-A-MAP

		3.75 LRUs

		0.38

		3.75 LRUs

		0.76

		3.75 LRUs

		0.76

		3.75 LRUs

		0.76



		HF-A-MAP

		1 LRU

		0.10

		1 LRU

		0.20

		1 LRU

		0.20

		1 LRU

		0.20



		SFH

		5 LRUs

		0.50

		5 LRUs

		1.01

		5 LRUs

		1.01

		5 LRUs

		1.01



		A-PREAMBLE/ A-MIDAMBLE

		2 symbols

		6.45

		2 symbols

		6.45

		2 symbols

		6.45

		2 symbols

		6.45



		TOTAL OH (%) by evaluator

		9.72

		13.22

		11.71

		11.79



		TOTAL OH (%) provided by proponent

		9.19

		12.33

		11.17

		11.15





Table 6


Control overhead calculation for the DL FDD


		

		Indoor

		Microcellular

		Base coverage urban

		High speed



		

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %



		DL A-A-MAP

		16.6 LRUs

		4.07

		15.9 LRUs

		7.79

		10.7 LRUs

		5.25

		11.5 LRUs

		5.64



		UL A-A-MAP

		6.0 LRUs

		1.47

		7.8 LRUs

		3.82

		5.6 LRUs

		2.75

		5.2 LRUs

		2.55



		NUS-A-MAP

		3 LRUs

		0.74

		3 LRUs

		1.47

		3 LRUs

		1.47

		3 LRUs

		1.47



		HF-A-MAP

		1 LRU

		0.25

		1 LRU

		0.49

		1 LRU

		0.49

		1 LRU

		0.49



		SFH

		2.5 LRUs

		0.61

		2.5 LRUs

		1.23

		2.5 LRUs

		1.23

		2.5 LRUs

		1.23



		A-PREAMBLE/ A-MIDAMBLE

		1 symbol

		3.92

		1 symbol

		3.92

		1 symbol

		3.92

		1 symbol

		3.92



		TOTAL OH (%) by evaluator

		11.06

		18.72

		15.11

		15.30



		TOTAL OH (%) provided by proponent

		9.74

		16.28

		13.77

		13.63





Table 7


Control overhead calculation for the UL TDD


		

		Indoor

		Microcellular

		Base coverage urban

		High speed



		

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %



		MAC Management Messages

		11.6 LRUs

		1.91

		19.7 LRUs

		6.48

		2.73 LRUs

		0.90

		2.85 LRUs

		0.94



		PFBCH

		-  

		-

		-

		-

		3.33 LRUs

		1.10

		3.33 LRUs

		1.10



		H-FBCH

		1.33 LRUs

		0.22

		1.33 LRUs

		0.44

		1.33 LRUs

		0.44

		1.33 LRUs

		0.44



		Sounding

		1 symbol

		5.26

		1 symbol

		5.26

		1 symbol

		5.26

		1 symbol

		5.26



		Initial Ranging

		1 LRU

		0.16

		1 LRU

		0.33

		1 LRU

		0.33

		1 LRU

		0.33



		Bandwidth Request

		1 LRU

		0.16

		1 LRU

		0.33

		1 LRU

		0.33

		1 LRU

		0.33



		TOTAL OH (%) by evaluator

		7.71

		12.84

		8.36

		8.40



		TOTAL OH (%) provided by proponent

		7.85

		12.60

		9.23

		8.34





Table 8


Control overhead calculation for the UL FDD


		

		Indoor

		Microcellular

		Base coverage urban

		High speed



		

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %

		OH in LRUs or symbols

		OH in %



		MAC Management Messages

		11.6 LRUs

		1.91

		9.9 LRUs

		4.85

		1.36 LRUs

		0.67

		1.43 LRUs

		0.70



		PFBCH

		-  

		-

		-

		-

		1.67 LRUs

		0.82

		1.67 LRUs

		0.82



		H-FBCH

		1.33 LRUs

		0.33

		1.33 LRUs

		0.65

		1.33 LRUs

		0.65

		1.33 LRUs

		0.65



		Sounding

		1 symbol

		3.92

		1 symbol

		3.92

		1 symbol

		3.92

		1 symbol

		3.92



		Initial Ranging

		0.5 LRU

		0.12

		0.5 LRU

		0.25

		0.5 LRU

		0.25

		0.5 LRU

		0.25



		Bandwidth Request

		0.5 LRU

		0.12

		0.5 LRU

		0.25

		0.5 LRU

		0.25

		0.5 LRU

		0.25



		TOTAL OH (%) by evaluator

		5.91

		9.92

		6.56

		6.59



		TOTAL OH (%) provided by proponent

		6.02

		10.58

		8.01

		6.51





25
Cell spectral efficiency evaluation results


In this section, the evaluation results for the cell user spectral efficiencies are presented for the DL and UL of both TDD and FDD operation modes. Tables 9 and 10 present the cell spectral efficiency for the TDD and FDD modes, respectively. For comparison purposes, the cell spectral efficiency values provided by the proponent are also included in each table.

Table 9


Cell spectral efficiency for the TDD

		Test environment

		ITU-R Requirement

		Proponent results

		Evaluator results



		

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)



		Indoor

		3

		2.25

		6.93

		5.99

		6.75

		5.20



		Microcellular

		2.6

		1.80

		3.22

		2.58

		3.45

		2.60



		Base coverage urban

		2.2

		1.4

		2.41

		2.57

		2.62

		2.38



		High speed

		1.1

		0.7

		3.23

		2.66

		3.58

		2.45





Table 10


Cell spectral efficiency for the FDD

		Test environment

		ITU-R Requirement

		Proponent results

		Evaluator results



		

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)



		Indoor

		3

		2.25

		6.87

		6.23

		6.85

		5.40



		Microcellular

		2.6

		1.80

		3.27

		2.72

		3.57

		2.66



		Base coverage urban

		2.2

		1.4

		2.41

		2.69

		2.63

		2.46



		High speed

		1.1

		0.7

		3.15

		2.77

		3.58

		2.54





26
Cell edge user spectral efficiency evaluation results


In this section, the evaluation results for the cell-edge user spectral efficiencies are presented for the DL and UL of both TDD and FDD operation modes. Tables 11 and 12 present the cell-edge user spectral efficiency for the TDD and FDD modes, respectively. For comparison purposes, the cell-edge user spectral efficiency values provided by the proponent are also included in each table.

Table 11


Cell-edge user spectral efficiency for the TDD

		Test environment

		ITU-R Requirement

		Proponent results

		Evaluator results



		

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)



		Indoor

		0.1

		0.07

		0.260

		0.426

		0.235

		0.361



		Microcellular

		0.075

		0.05

		0.092

		0.111

		0.087

		0.137



		Base coverage urban

		0.06

		0.03

		0.069

		0.109

		0.071

		0.113



		High speed

		0.04

		0.015

		0.093

		0.119

		0.095

		0.125





Table 12


Cell-edge user spectral efficiency for the FDD

		Test environment

		ITU-R Requirement

		Proponent results

		Evaluator results



		

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)

		DL (bit/s/ Hz/cell)

		UL (bit/s/ Hz/cell)



		Indoor

		0.1

		0.07

		0.253

		0.444

		0.239

		0.377



		Microcellular

		0.075

		0.05

		0.097

		0.119

		0.090

		0.141



		Base coverage urban

		0.06

		0.03

		0.069

		0.114

		0.069

		0.117



		High speed

		0.04

		0.015

		0.091

		0.124

		0.095

		0.130





The evaluation results in Tables 9 to 12 show that the proposal in ADV/4 fulfils the ITU requirements in terms of the cell and cell-edge user spectral efficiency. Also, the evaluation results reveal good alignment with the proponent results in ADV/4.

27
VoIP Capacity evaluation results


In this section, the evaluation results for the VoIP capacity (Number of supported VoIP users (active users/sector/MHz)) are presented for both TDD and FDD operation modes. Tables 13 and 14 present the VoIP capacity results for the TDD and FDD modes, respectively. For comparison purposes, the VoIP capacity values provided by the proponent are also included in each table. It is noted that the reported VoIP capacity in Tables 13 and 14 is the minimum value of the DL and UL VoIP capacity.

The evaluation results in Tables 13 and 14 show that the proposal in ADV/4 fulfils the ITU requirements in terms of the VoIP capacity. Also, the evaluation results reveal good alignment with the proponent results in ADV/4.

Table 13


VoIP capacity for the TDD

		Test environment

		ITU-R Requirement

Min VoIP capacity 
(Active users/ sector/MHz)

		Proponent results (Active users/ sector/MHz)

		Evaluator results (Active users/ sector/MHz)



		Indoor

		50

		140

		146



		Microcellular

		40

		82

		84



		Base coverage urban

		40

		74

		78



		High speed

		30

		89

		99





Table 14


VoIP capacity for the FDD

		Test environment

		ITU-R Requirement

Min VoIP capacity 
(Active users/ sector/MHz)

		Proponent results (Active users/ sector/MHz)

		Evaluator results (Active users/ sector/MHz)



		Indoor

		50

		139

		144



		Microcellular

		40

		77

		80



		Base coverage urban

		40

		72

		74



		High speed

		30

		90

		96





28
Mobility evaluation results


28.1
Evaluation methodology and assumptions


According to the guidelines provided in Report ITU-R M.2135-1, uplink system-level simulation results were run for each test environment in order to obtain the required uplink SINR distributions. As mandated by Report ITU-R M.2135-1, the simulation assumptions were aligned with the simulation assumptions used for generating the PCT uplink cell and cell-edge user spectral efficiencies. The uplink SINR distribution of each test environment was used to obtain the 50th percentile or median value of the uplink SINR. Then, link-level simulation results were run for each test environment and for both LOS and NLOS channel models in order to generate the required spectral efficiency versus SNR curves. The generated spectral efficiency curves include the impact of uplink control overhead by using the uplink control overhead percentage from the uplink system-level simulations. The mobility requirement for each test environment is met when the spectral efficiency for the median uplink SINR value equal or exceeds the required spectral efficiency of each test environment.

28.2
System-level and link-level simulation results evaluating the mobility requirement


In this section, the system-level and link-level evaluation results for the mobility requirement are presented. Figure 1 presents the uplink SINR distributions generated by running system-level simulation results for the Indoor, Microcellular, Base Coverage Urban, and High Speed test environments. Table 15 contains the 50th percentile or median SINR values for each test environment according to the results of Figure 1. 

Figure 1

Uplink SINR distributions generated by system-level simulations
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Table 15


50th percentile or median SINR values for each test environment

		

		Indoor

		Microcellular

		Base coverage urban

		High speed



		Median SINR

		17dB

		4.7dB

		4.2 dB

		5.0 dB





Figure 2 to Figure 5 present the spectral efficiency versus SNR curves for TDD LOS, TDD NLOS, FDD LOS, and FDD NLOS, respectively. 

Figure 2


Spectral efficiency versus SNR curves for the TDD LOS channel model
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Figure 3


Spectral efficiency versus SNR curves for the TDD NLOS channel model
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Figure 4


Spectral efficiency versus SNR curves for the FDD LOS channel model
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Figure 5


Spectral efficiency versus SNR curves for the FDD NLOS channel model
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According to the results in Figures 2 to 5 and the median SINR values of Table 15, Tables 16 and 17 present the mobility spectral efficiencies for the TDD and FDD modes, respectively. For comparison purposes, the proponent results are also included in each table. It is noted that the results for both LOS and NLOS scenarios are shown in both tables.


Table 16


Mobility spectral efficiencies for the TDD of ADV/4


		Test environment

		ITU-R Requirement

(b/s/Hz)

		Proponent results (b/s/Hz)

		Evaluator results (b/s/Hz)



		

		

		LOS

		NLOS

		LOS

		NLOS



		Indoor

		1.0

		3.76

		3.41

		3.51

		3.41



		Microcellular

		0.75

		1.81

		1.50

		1.64

		1.33



		Base coverage urban

		0.55

		1.72

		1.30

		1.58

		1.26



		High speed

		0.25

		1.70

		1.23

		1.54

		1.23





Table 17


Mobility spectral efficiencies for the FDD of ADV/4


		Test environment

		ITU-R Requirement

(b/s/Hz)

		Proponent results (b/s/Hz)

		Evaluator results (b/s/Hz)



		

		

		LOS

		NLOS

		LOS

		NLOS



		Indoor

		1.0

		3.86

		3.56

		3.64

		3.56



		Microcellular

		0.75

		1.72

		1.51

		1.70

		1.41



		Base coverage urban

		0.55

		1.63

		1.34

		1.66

		1.30



		High speed

		0.25

		1.61

		1.27

		1.61

		1.27





According to the results of Tables 16 and 17, the evaluation results show that the mobility spectral efficiencies of the ADV/4 proposal exceed the ITU-R requirement for both NLOS and LOS channel models in both FDD and TDD modes. Therefore, it is concluded that the (ADV/4) proposal meets the IMT-Advanced mobility requirement. 


29
Overall evaluation result


The information contained in the compliance templates above for spectrum, services, and technical performance shows that the IEEE proposal in ADV/4 fulfills all the ITU requirements for IMT-Advanced.
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