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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.
The TTA PG707 is a registered Independent Evaluation Group. At the 8th meeting of Working Party 5D, a final evaluation report on IMT-Advanced candidate technology submission in document IMT-ADV/4 was submitted by TTA PG707 (Doc. 5D/740). 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
Comments: The Open Area Rural Model with fixed terminals as proposed by TCOE India was evaluated. Based on this initial evaluation, it is concluded that IMT-Advanced candidate technology submission in document IMT-ADV/4 will be able to provide broadband connectivity by means of a single base station over a large rural area of 20 Km radius or more, using fixed terminals with rooftop antennas.
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TECHNOLOGY ASPECTS



		Director, Radiocommunication Bureau*



		final EVALUATION REPORT On THE PROPOSED CANDIDATE
IMT-ADVANCED Radio Interface technology
based on IEEE 802.16





In response to the ITU-R document Revision 1 to Document IMT-ADV/2 which gives the information for submission and evaluation process and consensus building for terrestrial component of IMT‑Advanced, Telecommunication Technologies Association Project Group 707 (TTA PG), an Independent Evaluation Group (IEG) for IMT-Advanced technologies, would be pleased to submit this final Evaluation Report.

Based on the documents submitted from proponents which are contributions (5D/542, 5D/544, 5D/560) and documents (IMT-ADV/4, IMT-ADV/5 and IMT-ADV/7), as an Independent Evaluation Group, TTA PG707 has conducted the evaluation of the candidate IMT-Advanced RIT based on IEEE 802.16. 


Final Evaluation Report by TTA PG707 on the proposed candidate IMT‑Advanced radio interface technology based on IEEE 802.16

1
Introduction


This Report is made by TTA PG707 for an IMT-Advanced candidate technology, IEEE 802.16m proposed by IEEE, Japan and TTA. This is a final report for the evaluation results.


2
Administrative information of TTA PG707


2.1
Background of TTA PG707

TTA PG707 was formed in July 2008 with the following terms of reference


· Evaluation on candidate technologies for IMT


· Preparation of Evaluation Report (Technical Report)


· Submission of Evaluation Report to ITU-R


· Activities as an Independent Evaluation Group


· Coordination and cooperation with other Evaluation Groups


· ITU-R WP 5D, 3GPP, IEEE 802.16 and other Evaluation Groups


· Study and analysis on evaluation for IMT.

TTA PG707 was registered as an IEG for the evaluation of IMT-Advanced candidate technologies in December 2008. TTA PG707 consists of 47 members from 13 organizations including ETRI, Intel, Korea Univ., KT, LG Electronics and Samsung Electronics. The participants are manufacturers, service providers, universities and research institutions. The URL for the TTA PG707 is


http://www.tta.or.kr/English/new/standardization/Committee_newEngList_pop.jsp?commit_code=PG707

This website provides details of TTA PG707 such as terms of reference, contact point and our contributions related to the evaluation for the proposed candidate IMT-Advanced technologies.

2.2
Contributions and activities


Within the ITU-R WP 5D meeting and China, Japan and Korea Meeting (CJK IMT Working Group Meeting), we have actively participated in the discussion about the evaluation methodology and channel model issues.


· ITU-R WP 5D Contributions & activities


· We proposed Turbo code performances in AWGN channel which may be desirable for the IEGs to use common performance results of link level as proposed when they evaluate system level performance in 4th ITU-R WP 5D meeting [1]. It was uploaded on ITU-R IMT-Advanced website to share the information and to facilitate the cooperation between the IEGs.


· Report ITU-R M.2135 has been agreed as the guideline for the evaluation of IMT‑Advanced candidate RITs/SRITs. One of the key ideas in Report ITU-R M.2135 is how to generate the channel model used in the system-level simulation, and the MATLAB® functions implementing the channel model in Report ITU-R M.2135 are available in [2]. We provided the equivalent implementation in C in Document 5D/476 and it was also uploaded on ITU-R IMT-Advanced website.


· During the comparison of equivalence between the MATLAB and C-code implementation, it was found that there were typos and need for clarification on implementation aspects in Report ITU-R M.2135. Since it is related to the mathematical equation of the channel model, it may give different system and link level simulation results.


· Therefore, we firstly discussed on this topic in the 21st CJK IMT Working Group Meeting [3]. After the discussion, joint contribution was proposed in the 5th ITU‑R WP 5D meeting [4]. WP 5D agreed that it was very important, and all the registered IEGs and potential candidate technology proponents should be informed. Based on this contribution, Report ITU-R M.2135 was revised in the 6th ITU-R WP 5D meeting.

· In the 7th meeting of WP 5D, we submitted preliminary Evaluation Report on the proposed candidate IMT-Advanced radio interface technology based on IEEE 802.16.

· CJK Contribution & activities


· In order to facilitate the evaluations of IMT-Advanced proposals by the three IEGs – ARIB Evaluation Group (ARIB EG), Chinese Evaluation Group (ChEG) and TTA PG707, an ad hoc group Special Interest Group on Evaluation (EVAL-SIG) has been established in CJK IMT Working Group Meeting to deal with evaluation activities.


· As a member of the EVAL-SIG, we participated in the 23th CJK IMT Working Group Meeting was held on 26th and 27th January 2010 in Nagoya, Japan.


· The EVAL-SIG session on evaluation issues was held during the meeting. We presented the simulation configuration and the interim evaluation results for the IEEE 802.16m technology [5][6]. All the three IEGs agreed to share the simulation configuration parameters, and then, try to minimize the difference of the simulation assumptions with those of the IEEE 802.16m technology proposal as much as possible.


· As a result, EVAL-SIG developed the evaluation parameter sheet [7]. Since the parameter sheet is useful for other IEGs, All the three IEGs agreed to post it on the Forum 3 in Correspondence Group of WP 5D.

2.3
Process and method of working by TTA PG707


After the 6th ITU-R WP 5D meeting, we had five official face-to-face meetings. Through the meetings, we reviewed the self-evaluation report which was submitted by IEEE proponent and discussed on the evaluation methods and schedule for developing the Evaluation Report. The detailed schedule for developing the Evaluation Report was as following


· 05 Nov 2009: 1st call to the participants for the preliminary evaluation


· 31 Dec 2009: Develop the initial preliminary Evaluation Report


· 29 Jan 2010: Finalize the preliminary Evaluation Report


· 10 Feb 2010: Submit the preliminary Evaluation Report to ITU-R


· 30 April 2010: 2nd call to the participants for the final evaluation

· 28 May 2010: Finalize the final Evaluation Report


· 02 June 2010: Submit the final Evaluation Report to ITU-R.


We have organized a Drafting Group (DG) for developing the Evaluation Report. It is consisted of two sub-DGs to facilitate drafting the Evaluation Report. One is IEEE sub-DG and the other is 3GPP sub-DG.


The Evaluation Report is made based on the contributions from individual members and there have been several meetings including conference calls and E-mail exchanges to reach the consensus on this Report. Each member has its own simulator and different results were internally presented. We have discussed the discrepancy in the results with the detailed simulation configurations. We took the averages for the results.


For the interaction with proponents and other evaluation groups, we keep the close relationship with the proponents by attending the coordination meetings held in San Diego, CA, USA, Jan. 13 and Beijing, May 17 of 2010. Our evaluation results were presented in the meeting, and they are updated in this Report. In many parts, we follow the simulation configuration presented in IEEE’s self-evaluation and we refer IEEE’s self-evaluation results to validate our results.


2.4
Contacts for TTA PG707


The following persons can be contacted for TTA PG707 regarding administrative and technical issues.


· Administrative contact details

· Dr. HK Chung (hkchung@etri.re.kr), ETRI, Chair of TTA PG707


· Mr. Hyoungjin Choi (ibm686@tta.or.kr), TTA, Secretary of TTA PG707


· Technical contact details

· Dr. Seong-Jun Oh (seongjun@korea.ac.kr), Korea University, Vice Chair of TTA PG707.

2.5
Miscellaneous


TTA PG707 is also performing the evaluation on the other candidate technology for IMT-Advanced – 3GPP’s LTE-Advanced.

3
Technical evaluation results


3.1
Scope of the evaluations


TTA PG707 performed the evaluations on the FDD and TDD of IEEE 802.16m based on the documents submitted from proponents which are contributions (5D/542, 5D/544, 5D/560) and documents (IMT-ADV/4, IMT-ADV/5 and IMT-ADV/7).


TTA PG707 has evaluated the IEEE 802.16m technology for verifying the minimum requirements of IMT-Advanced described in Report ITU-R M.2134. TTA PG707 has conducted simulation works based on the simulation configuration of IEEE’s self-evaluation report. Simulation results and assessments by analysis and inspection are included in the final report. Followings in this document provide detailed results of evaluation.


3.2
Conformance to the Report ITU-R M.2135-1

TTA PG707 performed the evaluations according the evaluation methodologies defined in Report ITU‑R M.2135-1. We have no identified additional evaluation methodologies.


3.3
Quality check per Report ITU-R M.2133 of the templates and the self-evaluation

In Document 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.

TTA PG707 agrees with the WP 5D view and also confirms the submissions “complete” per Section 4 of Report ITU-R M.2133.

3.4
Quantitative assessment of IEEE 802.16m


3.4.1
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

		See Annex 2 subclause A2.4



		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

		See Annex 2 subclause A2.4



		4.2.4.1.1.2

		Support of rich conversational service class


Is the proposal able to support rich conversational service class?:





                   (YES / (NO

		See Annex 2 subclause A2.4



		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

		See Annex 2 subclause A2.4





3.4.2
Compliance template for spectrum

		

		Spectrum capability requirements

		Evaluator’s 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.

		See Annex 2 subclause A2.2





3.4.3
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: 6.54

FDD: 6.52

		(
Yes

No

		See Annex 3 subclause A3.2



		

		

		Uplink

		2.25

		TDD: 5.74

FDD: 5.98

		(
Yes

No

		



		

		Microcellular

		Downlink

		2.6

		TDD: 3.65

FDD: 3.42

		(
Yes

No

		



		

		

		Uplink

		1.8

		TDD: 2.70

FDD: 2.78

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		2.2

		TDD: 2.59

FDD: 2.54

		(
Yes

No

		



		

		

		Uplink

		1.4

		TDD: 2.57


FDD: 2.61

		(
Yes

No

		



		

		High speed

		Downlink

		1.1

		TDD: 3.39

FDD: 3.01

		(
Yes

No

		



		

		

		Uplink

		0.7

		TDD: 2.52

FDD: 2.53

		(
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

		See Annex 1 subclause A1.1



		

		

		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

		See Annex 2 subclause A2.1



		

		

		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

		See Annex 2 subclause A2.1





		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: 0.289

FDD: 0.210

		(
Yes

No

		See Annex 3 subclause A3.2



		

		

		Uplink

		0.07

		TDD: 0.363

FDD: 0.357

		(
Yes

No

		



		

		Microcellular

		Downlink

		0.075

		TDD: 0.117

FDD: 0.100

		(
Yes

No

		



		

		

		Uplink

		0.05

		TDD: 0.110

FDD: 0.117

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		0.06

		TDD: 0.075

FDD: 0.070

		(
Yes

No

		



		

		

		Uplink

		0.03

		TDD: 0.110

FDD: 0.109

		(
Yes

No

		



		

		High speed

		Downlink

		0.04

		TDD: 0.084

FDD: 0.086

		(
Yes

No

		



		

		

		Uplink

		0.015

		TDD: 0.103

FDD: 0.104

		(
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

		See Annex 1 subclause A1.2



		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

		See Annex 1 subclause A1.3



		4.2.4.3.7
Mobility classes
(4.6)

		Indoor

		Uplink

		Stationary, pedestrian

		supported

		(
Yes

No

		See Annex 3 subclause A3.2



		

		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

		TDD: 

LOS: 3.84

NLOS: 3.54

FDD: 

LOS: 3.96

NLOS: 3.61

		(
Yes

No

		See Annex 3 subclause A3.2



		

		Microcellular

		Uplink

		0.75

		TDD: 

LOS: 1.81

NLOS: 1.51

FDD: 

LOS: 1.74

NLOS: 1.52

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		0.55

		TDD: 

LOS: 1.67

NLOS: 1.29

FDD: 

LOS: 1.62

NLOS: 1.31

		(
Yes

No

		



		

		High speed

		Uplink

		0.25

		TDD: 

LOS: 1.71

NLOS: 1.41

FDD: 

LOS: 1.64

NLOS: 1.14

		(
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)

		Require-
ment
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

		0-15

		(
Yes

No

		See Annex 1 subclause A1.4



		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

		See Annex 1 subclause A1.4



		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

		See Annex 1 subclause A1.4



		4.2.4.3.12
Inter-system handover


(4.7)

		Not applicable

		Not applicable

		Not applicable

		Not applicable

		(
Yes

No

		See Annex 2 subclause A2.3



		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

		See Annex 3 subclause A3.2



		

		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: 75

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.





3.5
Questions and feedback to WP 5D and/or the proponents or other Independent Evaluation Groups

TTA PG707 had participated coordination meetings hold by IEEE proponent and had discussed with proponent and other IEG. We have no further question.

3.6
Conclusion


In this final Report, our evaluation results have similar values from IEEE’s self evaluation results which meet the minimum requirement of IMT-Advanced technology.


In summary, TTA PG707 confirmed that IEEE 802.16m FDD and TDD RIT proposed by IEEE, Japan and TTA meets the minimum requirements of IMT-Advanced technology.
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		MS
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		PA
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		P-FBCH
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		RBIR

		Received coded Bit Information Rate



		RIT

		Radio Interface Technology



		RMa 

		Rural Macro



		SFBC

		Space Frequency Block Coding



		SFH 

		Super Frame Header



		SFN

		Single Frequency Network



		SIMO

		Single Input Multiple Output



		SNR

		Signal-to-Noise Ratio



		SU-MIMO

		Single User-Multiple Input Multiple Output



		TDD

		Time Division Duplexing



		TTA

		Telecommunication Technologies Association



		TTA PG

		Telecommunication Technologies Association Project Group 



		UL

		Uplink



		UMa 

		Urban Macro



		UMi 

		Urban Micro



		VoIP

		Voice over IP





Annex 1

Analytical evaluation results

A1.1
Peak spectral efficiency calculation

An inconsistency was identified in the superseded Report ITU-R M.2135 Section 7 on overhead to be used in peak spectral efficiency calculation in the 7th meeting of WP 5D. WP 5D clarified that Layer 2 overhead should not be included in calculation of peak spectral efficiency.


After careful review of the contribution 5D/662, “Interim Evaluation Report of the IMT-Advanced RIT Based on the IEEE Technology (IEEE 802.16m)” by Russian Evaluation Group (REG), IEEE informed that they agree with REG conclusion in section 3.1 of Document 5D/662 that the overhead due to mid-amble was indeed not included in the calculation of the downlink peak spectral efficiency in Document IMT-ADV/4. Therefore, IEEE suggests that all Evaluation Groups should consider the corrections to Document IMT-ADV/4 in the evaluation process. However, IEEE confirms that the overhead due to mid-amble was indeed taken into consideration in system-level and link-level self-evaluations and therefore, no update is necessary to any other item in Document IMT-ADV/4.


Text below is extracted from updated Section 7.2.4 of Document IMT-ADV/4 which is posted on the Forum 1 in Correspondence Group of WP 5D.

		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 ( 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 in [8] and [7].

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 ( 6) and 126 (= 18 ( 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 44160 (= 5 ( 92 ( 96), denoted by NType1Subcarrier4, and 31 680 
(= 3 ( 110 ( 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 46080 (= 5 ( 96 ( 96), denoted by NType1Subcarrier2, and 32 256 (= 3 ( 112 ( 96), denoted by NType2Subcarrier2, respectively. Note that in 20 MHz, 3456 (= 2 ( 18 ( 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 – 3456) ( 6 ( 4 / 5 ms = 347.44 Mbit/s.


Peak data rate in UL = (NType1Subcarrier2 + NType2Subcarrier2) ( 6 ( 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 17.37 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 ( 92 ( 96), denoted by N’Type1Subcarrier4, and 10560 (= 1 ( 110 ( 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 ( 96 ( 96), denoted by N’Type1Subcarrier2, and 10752 (= 1 ( 112 ( 96), denoted by N’Type2Subcarrier2, respectively. Note that in 20 MHz, 3456 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 – 3456) ( 6 ( 4 / 5 ms = 161.28 Mbit/s.


Peak data rate in UL = (N’Type1Subcarrier2 + N’Type2Subcarrier2) ( 6 ( 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 16.13 bit/s/Hz and 9.22 bit/s/Hz, for DL and UL respectively.





Based on the above information provided by the proponent and clarification for the overhead, it was confirmed that the proposed RIT meets the minimum requirement for peak spectral efficiency which is 15 bit/s/Hz for DL and 6.75 bit/s/Hz for UL respectively.

A1.2
Control plane latency calculation

Text below is extracted from Part 4, Section 7.2.5.2 of Document IMT-ADV/4.



		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








Based on the above information provided by the proponent, it was confirmed that the proposed RIT meets the minimum requirement for control plane latency of less than 100 ms.

A1.3
User plane latency calculation

Text below is extracted from Part 4, Section 7.2.5.1 of Document IMT-ADV/4.



		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








Based on the above information provided by the proponent, it was confirmed that the proposed RIT meets the minimum requirement for user plane latency of less than 10 ms.

A1.4
Intra- and inter-frequency handover interruption time derivation

Text below is extracted from Part 3, Section 6.1 Description templates-characteristics, item 4.2.3.2.5 of Document IMT-ADV/4.

		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.

Figure 6-2


Network Reference Model (NRM) {4}
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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.

Figure 6-3


Network re-entry procedure with HO_Reentry_Mode set to 0.


[image: image5.emf]

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.





Based on the above information provided by the proponent, it was confirmed that the proposed RIT meets the minimum requirement for intra- and inter-frequency handover interruption time.

Annex 2

Inspection evaluation results

A2.1
Bandwidth and channel bandwidth scalability

Table below is extracted from Part 3, Section 6.1 Description templates-characteristics, item 4.2.3.2.8.2 of Document IMT-ADV/4.

		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.





Based on the above information provided by the proponent, it was confirmed by inspection that the proposed RIT supports up to and including 40 MHz bandwidth by using carrier aggregation. From the Section 11.4.1 of IEEE 802.16m-09/0034, IEEE 802.16m System Description Document (SDD), it was also confirmed by inspection that the proposed RIT supports more than three bandwidths such as 5, 10, 20, 8.75 and 7 MHz.

A2.2
Deployment in IMT bands

Table below is extracted from Part 4, Section 8.1 of Document IMT-ADV/4.

		

		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








Based on the above information provided by the proponent, it was confirmed by inspection that the proposed RIT supports deployment in all bands identified for IMT in ITU-R Radio Regulations and meets the spectrum capability requirements.

A2.3
Inter-system handover

Text below is extracted from the Section 10.3.4 of IEEE 802.16m-09/0034, IEEE 802.16m System Description Document (SDD).

		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.


10.3.4.1
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.





Based on the above information provided by the proponent, it was confirmed by inspection that the proposed RIT supports inter-system handover to and from other IMT-Advanced and IMT systems.

A2.4
Support of a wide range of services

Table below is extracted from Part 4, Section 8.1 of Document IMT-ADV/4.

		

		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 





Based on the above information provided by the proponent, it was confirmed by inspection that the proposed RIT meets the requirements for the service related minimum capabilities (support of a wide range service, ability to support basic conversational service class, support of rich conversational service class and support of conversational low delay service class).

Annex 3

Simulation evaluation results

A3.1
Simulation configurations


We mostly followed the configuration described in the IEEE self-evaluation, and they can be summarized as follow.


A3.1.1
MAC functionalities


For the full buffer simulation, we have used the proportional fair (PF) scheduler for both DL and UL. Especially for the InH and UMi scenario, frequency-selective PF scheduling is used. For the VoIP simulation, we use persistent allocation (PA) scheduling with dynamic reallocation. Regarding the power control, the full transmit power is assumed in the downlink and the open loop power control is applied in the uplink while the IoT requirements are met.


A3.1.2
Transmission schemes with antenna configurations


4 and 2 antennas are used at the base station and the mobile station, respectively. For the full-buffer simulation, MU-MIMO with upto 4-user pairing and with upto 2-user pairing are used in the DL and UL, respectively. For the VoIP simulation, 4x2 CL SU-MIMO with long-term beamforming is used for the DL and 2x4 SFBC is used for the UL. For each multiple antennas, 0.5 wavelength separation with co-polarization is assumed.

A3.1.3
Link level abstraction


For the H-ARQ operation, Chase combining and Incremental redundancy are considered depending upon the contributions. When the link-level curve is looked-up, RBIR method is used, while the MMSE-IRC receiver operation is assumed. 


A3.1.4
Overhead channel modelling


As mentioned in Report ITU-R M.2135, we have modelled the MAC-overhead in the simulation. For the full-buffer simulation, we assumed that a static fraction of resources is allocated to the overhead channel and they are considered in the throughput calculation. The fractions are scenario/duplex-mode dependent and the ones in the self-evaluation report are used. The signalling error is also modelled.


For other details, they are shown in the following table.


		Item

		IEEE 802.16m Simulation Configuration



		

		DL

		UL



		Scheduler

		- Full-Buffer: Proportional Fairness Scheme,  Frequency Selective Scheduling only for InH/UMi
- VoIP: PA scheduling with dynamic reallocation



		Transmission scheme

		- Full-Buffer: 4x2 CL SU/MU-MIMO (note: Maximum # of pairing MSs for 
MU-MIMO = 4)
- VoIP: 4x2 CL SU-MIMO with long-term beamforming

		- Full-Buffer: 2x4 CL SU/MU-MIMO (note: Maximum # of pairing MSs for 
MU-MIMO = 2, CSM)
- VoIP: 2x4 SFBC with non-adaptive precoding



		Antenna configuration

		0.5 wavelength element spacing for both BS and MS



		Receiver type

		MMSE-IRC



		HARQ scheme

		CC (Chase Combining) and IR (Incremental Redundancy)



		Uplink power control

		N/A

		- Open loop power control based on 802.16m amendment draft
- Relevant parameters are optimized within each company with a constraint that UL IoT is less than 10 dB



		Link Feedback

		- Full buffer (InH/UMi) : 6 bits transformed codebook per 5ms and 28 bits covariance matrix feedback per 20 ms


- Full-buffer (UMa/RMa) : long-term beamforming with 28 bits covariance matrix feedback per 20 ms


- VoIP : 6 bit base codebook per 20 ms

		- Full-buffer, 4 bit base codebook.


- VoIP, Non-adaptive precoding



		Control channel and reference signal overhead, Acknowledgements etc.

		- 9.19%~16.28% depending on scenarios (TDD/FDD, channels)
- A-A-MAP, HF A-MAP, A-Preamble, 
A-Midamble, SFH
- Pilot(reference signal) overhead is dependent on multiuser number for 
MU-MIMO TX
- A-A-MAP overhead is calculated in a statistical and dynamic way

		- 6.02%~12.60% depending on scenarios (TDD/FDD, channels)
- P-FBCH, MAC management message, 
H-FBCH, Sounding, Initial ranging, 
BW-REQ
- Pilot(reference signal) overhead is dependent on multiuser number for 
MU-MIMO TX



		Handover margin/User Dropping

		Forced 10 MSs / serving-sector



		Link to System Mapping 

		RBIR



		Channel estimation model 
(Impairment Modeling incl. Midamble)

		Non-ideal Ch. estimation model but depends on companies



		Interference Model 

		- All the 56 non-serving cells are considered as interference cells
- Consideration of fast fading in interference cells is up to companies



		Frequency Reuse 

		SFN (1 cell reuse)



		Data Channel Coding 

		CTC



		Duplex method and bandwidths

		Full buffer: FDD 10M/20M(InH), TDD : 20M/40M(InH) 


VoIP: FDD 5M, TDD 10M



		Feedback and control channel errors

		Signaling errors are considered.



		Subchannelization  (Resolution in resource allocation)

		Subband CRUs with 12 equal-size allocations
Miniband CRUs with 6 equal-size allocations





A3.2
Simulation results


For each simulation configuration, three results are 1) our simulation result, 2) self-evaluation result and 3) ITU-R requirements from top-to-bottom.  


For TDD mode, the full buffer simulation we have obtained the following results. 


		

		Downlink

		Uplink



		

		InH

		UMi

		UMa

		RMa

		InH

		UMi

		UMa

		RMa



		Cell Spectral Efficiency


(bps/Hz/Sector)

		TTA PG707

		6.54 

		3.65 

		2.59 

		3.39 

		5.74 

		2.7 

		2.57 

		2.52 



		

		IEEE Self

		6.93

		3.22

		2.41

		3.23

		5.99

		2.58

		2.57

		2.66



		

		ITU-R Req.

		3.0

		2.6

		2.2

		1.1

		2.25

		1.8

		1.4

		0.7



		Cell Edge-User Spectral Efficiency


(bps/Hz/User)

		TTA PG707

		0.289 

		0.117 

		0.075 

		0.084 

		0.363 

		0.110 

		0.110 

		0.103 



		

		IEEE Self

		0.260

		0.092

		0.069

		0.093

		0.426

		0.111

		0.109

		0.119



		

		ITU-R Req.

		0.1

		0.075

		0.06

		0.04

		0.07

		0.05

		0.03

		0.015





For FDD mode, the full buffer simulation we have obtained the following results. 


		

		Downlink

		Uplink



		

		InH

		UMi

		UMa

		RMa

		InH

		UMi

		UMa

		RMa



		Cell Spectral Efficiency


(bps/Hz/Sector)

		TTA PG707

		6.52 

		3.42 

		2.54 

		3.01 

		5.98 

		2.78 

		2.61 

		2.53 



		

		IEEE Self

		6.87

		3.27

		2.41

		3.15

		6.23

		2.72

		2.69

		2.77



		

		ITU-R Req.

		3.0

		2.6

		2.2

		1.1

		2.25

		1.8

		1.4

		0.7



		Cell Edge-User Spectral Efficiency


(bps/Hz/User)

		TTA PG707

		0.21 

		0.10 

		0.07 

		0.086 

		0.357 

		0.117 

		0.109 

		0.104 



		

		IEEE Self

		0.253

		0.097

		0.069

		0.091

		0.444

		0.119

		0.114

		0.124



		

		ITU-R Req.

		0.1

		0.075

		0.06

		0.04

		0.07

		0.05

		0.03

		0.015





For the VoIP simulation with TDD, 

		

		Downlink

		Uplink



		

		InH

		UMi

		UMa

		RMa

		InH

		UMi

		UMa

		RMa



		VoIP Capacity (Users/Sector/MHz)

		TTA PG707

		140

		82

		75

		89

		165

		106

		95

		103



		

		IEEE Self

		140

		82

		74

		89

		165

		104

		95

		103



		

		ITU-R Req.

		50

		40

		40

		30

		50

		40

		40

		30





For the VoIP simulation with FDD, 


		

		Downlink

		Uplink



		

		InH

		UMi

		UMa

		RMa

		InH

		UMi

		UMa

		RMa



		VoIP Capacity (Users/Sector/MHz)

		TTA PG707

		139

		77

		72

		90

		166

		102

		96

		101



		

		IEEE Self

		139

		77

		72

		90

		166

		102

		95

		101



		

		ITU-R Req.

		50

		40

		40

		30

		50

		40

		40

		30





We have obtained the following results for the mobility spectral efficiency simulation for TDD and FDD, respectively. 

		

		NLOS (TDD)

		LOS (TDD)



		

		InH

		UMi

		UMa

		RMa

		InH

		UMi

		UMa

		RMa



		Mobility Spectral Efficiency

(Bits/Sec/Hz)

		TTA PG707

		3.54 

		1.51 

		1.29 

		1.41 

		3.84 

		1.81 

		1.67 

		1.71 



		

		IEEE Self

		3.41 

		1.495 

		1.295 

		1.23 

		3.755 

		1.81 

		1.715 

		1.695 



		

		ITU-R Req

		1.0

		0.75

		0.55

		0.25

		1.0

		0.75

		0.55

		0.25





		

		NLOS (FDD)

		LOS (FDD)



		

		InH

		UMi

		UMa

		RMa

		InH

		UMi

		UMa

		RMa



		Mobility Spectral Efficiency

(Bits/Sec/Hz)

		TTA PG707

		3.61 

		1.52 

		1.31 

		1.41 

		3.96 

		1.74 

		1.62 

		1.64 



		

		IEEE Self

		3.56 

		1.505 

		1.34 

		1.27 

		3.86 

		1.72 

		1.63 

		1.605 



		

		ITU-R Req

		1.0

		0.75

		0.55

		0.25

		1.0

		0.75

		0.55

		0.25





Annex 4

Simulation evaluation results for Indian Open Area
Rural Macro (OARM) Channel

A4.1
Simulation configurations


We mostly followed the DL configuration described in the IEEE self-evaluation, and they can be summarized as follow.

A4.1.1
Transmission schemes with antenna configurations


4 and 2 antennas are used at the base station. 2 and 1 antennas are used at the mobile station. MU‑MIMO with upto 4 or 2-user pairing is used for the DL. For each multiple antennas, 0.5 wavelength separation with co-polarization is assumed.

A4.1.2
Link level abstraction


For the H-ARQ operation, Chase combining and Incremental redundancy are considered depending upon the contributions. When the link-level curve is looked-up, RBIR method is used, while the MMSE-IRC receiver operation is assumed. 


A4.1.3
Overhead channel modelling


As mentioned in Report ITU-R M.2135, we have modelled the MAC-overhead in the simulation. We assumed that a static fraction of resources is allocated to the overhead channel and they are considered in the throughput calculation. The signalling error is also modelled.


A4.1.4
Receiver antenna pattern

The horizontal antenna pattern used for each MS is shown in Figure A4-1. In addition, the vertical antenna pattern for each MS is also shown in Figure A4-2. 

Figure A4-1

Horizontal antenna pattern at MS
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Figure A4-2

Vertical antenna pattern at MS
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For other details, they are shown in the below table.

		Item

		IEEE 802.16m Simulation Configuration



		Carrier frequency

		2.3 GHz



		Path-loss model

		Hata Open-Area: 97.48 + 34.4log(d), d in km



		ISD (Inter-Site Distance)

		40 km



		BS/MS antenna height

		40 m / 3 m



		Receiver antenna gain

		13 dBi



		Receiver antenna pattern

		As defined in A4.1.4



		Mobility

		0.5 km/h



		Scheduler

		Proportional Fairness Scheme, Frequency Selective Scheduling



		Transmission scheme

		CL SU/MU-MIMO (note: Maximum # of pairing MSs for MU-MIMO=4 or 2)



		Antenna configuration

		4 or 2 Tx antennas, 2 or 1 Rx antenna(s)

0.5 wavelength element spacing for both BS and MS



		Receiver type

		MMSE-IRC



		HARQ scheme

		CC (Chase Combining) and IR (Incremental Redundancy)



		Feedback

		6 bits transformed codebook per 5 ms and 28 bits covariance matrix feedback per 20 ms or 6 bit base codebook per 5 ms



		Control channel and reference signal overhead, Acknowledgements etc.

		- 11.35% ~ 15.33% 
- A-A-MAP, HF A-MAP, A-Preamble, A-Midamble, SFH
- Pilot(reference signal) overhead is dependent on multiuser number for MU-MIMO TX
- A-A-MAP overhead is calculated in a statistical and dynamic way



		Handover margin/User Dropping

		Forced 10 MSs / serving-sector



		Link to System Mapping 

		RBIR



		Channel estimation model 
(Impairment Modeling incl. Midamble)

		Non-ideal Ch. estimation model but depends on companies



		Interference Model 

		- All the 56 non-serving cells are considered as interference cells
- Consideration of fast fading in interference cells is up to companies



		Frequency Reuse 

		SFN (1 cell reuse)



		Data Channel Coding 

		CTC



		Duplex method and bandwidths

		TDD : 10 MHz 



		Feedback and control channel errors

		Signaling errors are considered.



		Subchannelization  (Resolution in resource allocation)

		Subband CRUs with 12 equal-size allocations





A4.2
Simulation results

As for the simulation results on Indian OARM channel, we have two simulation results, e.g. geometry CDF results and cell spectral efficiency/cell-edge user spectral efficiency results.  Note that different sources took an effort for different levels of optimization. 

A4.2.1
Geometry CDF results

Considering the channel model specified for Indian environment, the geometry CDF results are shown in Figure A4-3. The results show discrepancy among sources because of different optimization level of the receiver antenna direction at fixed subscribers.

Figure A4-3

Downlink geometry CDF results
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4.2.2
Cell spectral efficiency and cell edge user spectral efficiency results

Under the Indian OARM channel environment, the simulation results for each environment are obtained as shown in the table below. In addition to discrepancy of geometry distribution, the different usage of MIMO techniques among sources brought the variance of spectral efficiency. 

		

		Downlink



		(# of Tx antennas, # of Rx antennas)

		(2, 1)

		(4, 1)

		(4, 2)



		Cell Spectral Efficiency (bps/Hz/Sector)

		2.26 ~ 2.88

		3.45 ~ 4.01

		3.988 ~ 5.16



		Cell Edge-User Spectral Efficiency 

(bps/Hz/User)

		0.055 ~ 0.102

		0.109 ~ 0.1308

		0.180 ~ 0. 234





________________

MS







BS







1.85 ms







1.85 ms







HARQ RTT



5 ms







1.85 ms







1.85 ms







TTI + Frame



Alignment







0.92 ms







0.92 ms











* 	 Submitted on behalf of TTA PG707.
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