C80216m-08/832r3


	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	IEEE 802.16m Rapporteur Group for DL MIMO – Final Report

	Date Submitted
	2008-07-11

	Source(s)
	Minnie Ho,
Jerry (Zhouyue) Pi,

Yong Sun
DL MIMO Rapporteur Group Chairs


	minnie.ho@intel.com 

zpi@sta.samsung.com
sun@toshiba-trel.com


	Re:
	IEEE 802.16m-08/023, Charter and Scope of New TGm Rapporteur Groups 

(DL MIMO Rapporteur Group )

	Abstract
	Final Report – TGm DL MIMO Rapporteur Group activity

	Purpose
	For discussion in TGm

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


IEEE 802.16m Rapporteur Group for DL MIMO – Final Report
Minnie Ho, Jerry Pi, Yong Sun
DL MIMO Rapporteur Group Chairs
1 Objectives

During TGm session#55, hosted in Macau, the DL MIMO Rapporteur Group was created, and its scope together with its process was defined in [7] as the following:
“The DL MIMO [“DL MIMO”] Rapporteur Group is chartered to develop proposed baseline content regarding the Downlink MIMO structure suitable for use in the 802.16m System Description Document (SDD). It shall be submitted by the Rapporteur Group as a Task Group m contribution by 7 July 2008, with the expectation that it could be accepted by Task Group m at Session #56. The Rapporteur Group shall also submit a report of its activities as a TGm contribution by the same deadline. Rapporteur Group Chairs are Minnie Ho, Jerry Pi, and Yong Sun.”
The DL MIMO RG Chairs thus decided to propose recommendations for evaluation criteria to facilitate narrowing down options, and thus develop harmonized SDD text for Project 802.16m DL MIMO functions initially based on proposals submitted in Session #55. 

Since DL MIMO Pilot and control aspects were being handled by other e-mail threads resulting from the DL_PHY, DL_CTL, and UL_CTL groups, the focus of the DL MIMO RG was on MIMO for data, while pilot, downlink signaling, and some control aspects were not included in the final report. 
2  Scope

Identify areas where consensus can be built through discussions in the Rapporteur Group and outline potential options and leave unresolved issues to TGm for consideration. Final down selection of proposed text will be made by TGm in Session #56.

3  Summary of Activities
Following session #55, the Rapporteur Group chairs generated an initial draft SDD text for DL MIMO functions, together with shared a clear and detailed work plan document [1]. 

The Rapporteur Group chairs provided an excel-sheet [2] containing the list of contributions that were submitted in Session #55 with content related to DL MIMO and their key features on 5/16/2008. 
1. The Rapporteur Group chairs provided a separate template [3] to capture major impacts of the proposed schemes on certain functionalities and features such as antenna configuration, diversity scheme, etc., to be filled by the proponents on 5/16/2008. 

2. Authors were requested to send the Rapporteur Group chairs the latest revision of the submitted contributions, if proposed text and associated figures were not submitted in MS Word or PowerPoint format.

3. The contributors were required to update the excel sheet [3] and return their updates by 5/21/2008. The files were uploaded to the TGm member upload facility at http://dot16.org/memberupload/TGm_DL MIMO. Inputs from all the proponents were consolidated and provided in [3] at the DL MIMO upload facility.
4. The Rapporteur Group chairs provided the first working draft [4] on 5/26/08 based on the member contributions and updates.

5. Members were encouraged to express their views and to suggest changes to the proposed draft through discussions on the 802.16m Google group email reflector between 5/27/2008 and 6/2/2008. 

6. An updated working draft was created where proposed text from contributions was merged by Rapporteur Group chairs wherever consensus was observed. The updated draft [5] was available to the Rapporteur Group on 6/6/2008.
7. Members were encouraged to express their views and to suggest changes to the proposed draft through discussions on the 802.16m Google group email reflector between 6/7/2008 and 6/16/2008. 

8. An updated working draft was created where proposed text from contributions was merged by Rapporteur Group chairs wherever consensus was observed. The updated draft [6] was available to the Rapporteur Group on 6/20/2008.

9. Members were encouraged to continue discussions and to express their views on the reflector between 6/21/2008 to 6/30/2008 with the goal of reducing the options for the purpose of decision making of TGm in the July meeting and consensus building on DL MIMO design criteria.

10. The Rapporteur Group chairs submitted the final draft SDD text [8] as a contribution to TGm on Monday 7/7/2008. 
11. A call for comments on the contribution from the Rapporteur Group was issued with a deadline of 12:00 PM US Mountain Daylight Saving Time (Denver time) on Monday 07/14/2008 and where the comments would be resolved in TGm Session #56.
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5/16/2008: RG chairs published work plan, list of contributions, and attribute spreadsheet

5/21/2008: RG members provided comments

5/26/2008: RG chairs published Draft 1
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6/2/2008:   RG members provided comments for Draft 2
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6/6/2008:   RG chairs published Draft 2
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6/16/2008: RG members provided comments for Draft 3

6/20/2008: RG chairs published Draft 3
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6/30/2008: RG members provided comments for Final Draft 
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7/7/2008:   RG chairs published Final Draft

7/14/2008: Call for Comments


Timeline of major milestones during DL MIMO Rapporteur Group

4 Summary of IEEE session  
A total of 134 comments were submitted.  54 comments were accepted or accepted/modified, 15 were rejected, and 32 were superceded.  24 comments were reviewed, 8 withdrawn, and 1 out-of-scope.
Tuesday AM session:  

1. Resolved comments on the figure and accompanying text for MIMO architecture.    
2. Adopted both localized and distributed permutations for all MIMO modes.   
3. Agreed on 8 Tx antennas.    
4. Adopted .16e definitions for layers and streams; adopted purely editorial comments in bulk. 
5. After extended discussion, group agreed to compile SCW and MCW options.   
6. MU-MIMO limited to one stream and one layer per user 
Tuesday evening session:

1. Resolved comments on the use of “unitary” for non-square matrices and remaining editorial comments from the editorial spreadsheet. 
2. Marked all comments in the Appendix of the draft SDD text as “reviewed”, as the Appendix will be deleted from the DL_MIMO text (C80216m-08_657r3.doc). 
3. DL signaling was adopted for MU-MIMO (common pilot scenario only). 
4. Clarified description for the “D” matrix in the OL SU-MIMO section.   
Wednesday AM session:

1. Changes in the text for STBC support included; 

2. Table listing open-loop modes extended. 

3. Power loading section heading included

4. SU-MIMO feedback information clarified and extended; pilot comments not included.

5. Much of the MBS text was deleted.
6. OL SU-MIMO techniques.  After extended discussion on various techniques, the group decided to move forward by listing a number of techniques as FFS, and harmonizing on a set of design criteria.  This was summarized in comment #43.
7. SCW vs. MCW.  Options were compiled in document:  C80216m-08_886.doc.  Straw poll favored options #1 and #5.  Text remains unchanged, and group decided to harmonize on a set of design criteria to choose between SCW and MCW.   
This action was captured in comment # 18.  

Thursday AM session:
1. After extended discussion on unified codebook requirements, the group accepted unified codebooks.
2. Doppler estimation was added to feedback
3. After extended discussion and a split vote (24/24), Ron Porat will lead the performance evaluation of feedback mechanisms.  Uplink sounding text on various feedback mechanisms was adopted.
4. SCW vs. MCW.   The group decided to adopt a set of performance comparison criteria, as listed in Appendix A. 
5. OL SU-MIMO.  The group decided to adopt a set of performance comparison criteria, as listed in the Appendix A.  
5 References
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6 Appendix A
6.1 SCW vs. MCW Comparison Criteria
The following list of comparison criteria was adopted by the group for comparison between SCW and MCW:

Performance in open-loop and closed-loop

1. SM (with rank adaptation)

2. 2x2, 4x2, and 4x4

3. Correlated and uncorrelated channels

Receiver complexity

a. Baseline receiver mandatory: MMSE

b. Fancy receiver: MLD, MMSE-SIC

System complexity

a. Delay

b. H-ARQ 

c. Feedback overhead
6.2 Open-loop Tx Diversity Performance Comparison Criteria

The following list of comparison criteria was adopted by the group for comparison of various open-loop Tx Diversity schemes:
	Carrier frequency
	2.5 GHz

	System bandwidth
	10 MHz

	Number of transmit antennas
	2, 4

	Number of receive antennas 
	2

	Base station correlation
	Uncorrelated and correlated

	Mobile station correlation
	Uncorrelated

	Resource block size
	18 sub-carriers × 6 OFDM symbols

	Number of resource block
	4 resource blocks spanning one and two sub-frames

	Distribution mode
	Localized and distributed

	Channel encoding
	CTC as in IEEE 802.16e standards

	Channel Model
	PED A, PED B – 3 km/hr and VEH A – 60 km/hr

	Channel Estimation
	2D MMSE channel estimation

	Pilot pattern
	Dedicated or Common pilots

	Pilot density
	According to SDD pilot text

	Simulation scenario
	Noise limited and interference (two dominant interferers) limited

	Receiver type
	MMSE baseline


Link level simulation results comparing various DL_MIMO schemes proposed in SDD text has to be produced for the following

SNR vs BLER performance in noise limited (no interference) scenario for up to 1% BLER

· SNR is defined as the averaged received signal power to the noise ratio

SNR vs BLER performance in interference limited scenario with two dominant interferers with signal to interference power ratio of 0 dB and -3 dB respectively for up to 1% BLER

· SNR is defined as the averaged received signal power to the rest of the interference power plus noise ratio

· Rest of the interference and noise are together modelled as AWGN

· Code-rate and Modulation type: rate ½ QPSK for signal and interference
7 Appendix B
This appendix gives the table containing full list of DL MIMO contributions from Session#55, taken into account for initiating the SDD text discussions. Further details can be found in the reference [2].
	Contribution Number
	1st  Author

	C80216m-08_273
	Fred Vook

	C80216m-08_281
	Ryohei Kimura

	C80216m-08_282
	Takaaki Kishigami

	C80216m-08_285r2
	David Mazzarese

	C80216m-08_302r3
	Chung-Lien Ho

	C80216m-08_309r2
	Yu-Tao Hsieh

	C80216m-08_312r2
	Chien-Yu Kao

	C80216m-08_314r2
	Jen-Yuan Hsu

	C80216m-08_326r1
	Chih-Yuan Lin

	C80216m-08_331r1
	Vinosh James

	C80216m-08_333
	Mohammad Khojastepour

	C80216m-08_337
	Jeff Tao

	C80216m-08_342r1
	Sophie Vrzic

	C80216m-08_343
	Dongsheng Yu

	C80216m-08_345r2
	Robert Novak

	C80216m-08_346
	Sophie Vrzic

	C80216m-08_347
	Jun Yuan

	C80216m-08_349
	Dongsheng Yu

	C80216m-08_361
	Kaushik Josiam

	C80216m-08_366
	Tsuguhide Aoki

	C80216m-08_370
	Jerry Pi

	C80216m-08_372r1
	Ron Porat

	C80216m-08_374r1
	Choong Il Yeh

	C802.16m-08_379
	Dongjun Lee

	C80216m-08_387
	Hua Zhou

	C80216m-08_388
	Yuantao Zhang

	C80216m-08_390
	Jie Zhang

	C80216m-08_392
	Hua Zhou

	C80216m-08_397
	Li Shaohua

	C80216m-08_399
	Li Shaohua

	C80216m-08_405r1
	Guangjie Li


	Contribution Number
	1st  Author

	C80216m-08_419r1
	Young Kwon

	C80216m-08_420r2
	Young Kwon

	C80216m-08_421r1
	Yang Tang

	C80216m-08_422r1
	Tao Wu

	C80216m-08_423
	Keying Wu

	C80216m-08_424
	Wookbong Lee

	C80216m-08_426r1
	Moon-il Lee

	C80216m-08_428
	Wookbong Lee

	C80216m-08_429
	Sunam Kim

	C80216m-08_430
	Dongguk Lim

	C80216m-08_431
	Jaewan Kim

	C80216m-08_435
	Keying Wu

	C80216m-08_449
	Mythri Hunukumbure

	C80216m-08_451r4
	Wooram Shin

	C80216m-08_452r1
	Hao Donglai

	C80216m-08_457
	Hongwei Yang

	C80216m-08_458r1
	Hao Donglai

	C80216m-08_461r1
	Hongwei Yang

	C80216m-08_462r1
	Yinggang Du

	C80216m-08_463
	Yinggang Du

	C80216m-08_464
	Yinggang Du

	C80216m-08_465
	Yinggang Du

	C80216m-08_466
	Martin Liu

	C80216m-08_467
	Mattias Wennstroem

	C80216m-08_468
	Martin Liu

	C80216m-08_481r2
	Young Seog Song

	C80216m-08_484
	Seung Joon Lee

	C80216m-08_487
	Stephan Saur

	C80216m-08_488
	Joerg Schaepperle

	C80216m-08_330r1
	Serdar Sezginer


Table 1: List of DL MIMO contributions from Session #55
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