Nov 2004

doc.: IEEE802.11-04/1437-00



 IEEE P802.11
Wireless LANs

Minutes of High Throughput Task Group .11n Meeting
Date:
Nov 15-19, 2004

Author:
Garth Hillman

Advanced Micro Devices

5204 East Ben White Blvd, Austin, TX 78741


Mail Stop – PCS5

Phone: (512) 602-7869

Fax: (512) 602-5051

e-Mail: garth.hillman@amd.com

Abstract

Cumulative minutes of the High Throughput Task Group sessions held during the IEEE 802.11 Plenary meeting in San Antonio from November 15 through 19, 2004. The meeting was chaired by Bruce Kraemer from Conexant.
Executive Summary (also see closing report doc. 11-04-1512r0):
1. TGn was only granted 18 hours of meeting time.

2. 21 Partial proposals were each given 2 minutes to review the key points of their proposal followed by a general Q&A and then a panel format Q&A session.

3. A comparison presentation, doc 11-04-1400r4, was given.

4. The 4 complete proposals were updated for 1 hour each and each proposal was given a dedicated 1 hour period for Q&A. This was followed by a panel session Q&A and 5 minute summary.
5. A Low Hurdle Vote (LHV) was held for the complete proposals where proposals not receiving 25% of the vote would be eliminated. The results of the LHV were MITMOT=47.37%; TGnSync=73.68%; WWiSE=64.66% and Qualcomm=56.77% so none of the proposals were eliminated. The detailed voting results have been appended to these minutes.
6. The key agenda items for the January meeting were discussed. It will follow a similar format however the vote taken in January will be an Elimination vote.

7. Time permiting, a Vice-Chair election will be held at the January meeting.

Note: these minutes are intended to offer a brief (even though the comments averaged about 2 pages per presentation) summary (including document number) of each of the presentations to facilitate review and recall of the session without having to read each of the presentations. Most of these minutes are built directly from selected slides of the various presentations and therefore are not subjective. An effort was made to note obscure acronyms.

The Q&A was particularly hard to capture. Aryan Saed assisted in capturing the minutes of the Q&A on Wednesday.
1. 20 submissions were received and are listed in doc. 11-03-0891r3

2. Four conference calls will be held before the January meeting

3. Goal of January meeting will be to issue a “call for proposals”

Detailed minutes follow:

Tuesday November 16, 2004; 8:00 AM – 9:30 PM [~ 142+ attendees]

:

1. Meeting was called to order by Task Group chairperson elect Bruce Kraemer at 8:01 AM

2. Chairs’ Meeting Doc 11-04-1218
3. Room too small; at break we will move to the convention center
4. Chair read IEEE Patent Policy

5. Chair reviewed topics not to be discussed during the meeting – licensing, pricing, litigation, market share
6. New participants in .11n  ~= 5
7. Status update since Berlin Sept meeting

a. There were no partial proposals which merged to form completes so the tally stands at 4 completes and 28 partials
8. Motion by Adrian Stephens to approve Sept minutes was seconded by Richard Kennedy passed without comment

9. Weeks’ Agenda for .11n

a. 18 hours available
b. Interest in box lunch - ~10

c. Overview:

i. Partial Proposals Summaries – Q&A, panel session

ii. Comparison Presentations

iii. Complete Proposals Update – Q&A, panel session

iv. Conduct low hurdle vote Thursday in 1:30 PM session

d. Chair asked if any partial proposal summaries were not listed in slide. Chair updated the slide real time according to:
i. #27 -> 1447

ii. #6 ->1405

iii. #11 -> 1385/1444

iv. #18 -> 1386

v. #19 ->899r5

vi. #10 ->1381

vii. #22 -> 1374

viii. #23 – merged with Mit-mot

ix. Hughes will present

x. Kowalski -> 1360

xi. Heath -> not present

xii. Mock -> withdrawn

xiii. Itri -> present

xiv. Ukiwi-san -> withdrawn

xv. Inprocomm -> ?

e. Partial Proposals Q&A – Joseph Levy and Pratik Metha had written questions (included in 11-04-1218r4)
f. Comparison Presentations – 1400r2, Infineon 

g. Complete Proposals Q&A – separate into 2 separate 1 hour sessions for each complete proposal;  suggested first hour for presentation update and the second hour for Q&A

h. Complete Proposals – Joseph Levy, Pratik Mehta, Chris Hansen, Paul Feinberg had written Questions (included in 11-04-1218r4)
i. Final 5 minute wrap-up preceeding low hurdle voting

j. Low hurdle vote will be via written ballot

k. Low Hurdle vote SPECIAL ORDER at 2 PM on Thursday?

l. Comment from floor – wait until 2:15?

m. Motion from Jon Rosdahl and seconded by John Egan to hold the low hurdle vote at 2:15 on Thursday was approved unanimously
n. Chair showed a sample written ballot

o. Chair indicated that a row call vote is an option but does not recommend this as being valuable

p. Chair indicated that 25% of voting members would be required to approve a roll call vote

q. Comment from the floor – the precedent is roll call voting

r. Chair noted that the issue is how to present the voting results – just a tally or per person basis. In any case the voting members will be recorded.

s. Straw Poll – in favour of simple tally vote or recorded vote?
t. Straw poll Result – simple tally vote (62); fully recorded vote (50)

u. Therefore a roll call vote will be prepared for by the chair and secretary
v. Motion to approve the agenda by Richard Kenedy and seconded by Aryon Saed

w. Discussion
i. Reviewed order of presentations of complete proposals

ii. Which room for .19 liaisons?
iii. Question from John Benko on reflector?
iv. John rescinded his questions

v. There is no abstain line on the ballot; is that correct?

vi. Clarification – member MUST vote “to continue or not to continue” on all presentations or the ballot is invalid

vii. Should one hour time slots be made special orders?

10. Motion to amend agenda to have one hour presentations as special orders was made by Adrian Stephens and was agreed to unanimously

11. Motion to approve the agenda passed (99,0,0)
12. Chair requested partial proposal presenters prepare for making their summaries
13. 9:34- #1455, SUN;

14. 9:36 - #1364, Nokia;

15. 9:38 - #1223r0, WaveBreaker;

16. 9:40 - #1360, Sharp; add time stamps

17. 9:42 - #1405r2, Infocomm; fixed beam forming, long preamble design, unequal error protection, 2-D linear transform
18. 9:46 - #1363r3, Winbond; circular transmission and open loop

19. 9:48 - #1383r0, Hamilton Institute;  AFR MAC aggregation
20. 9:50 - #1381, French Telecom; Turbo codes with as few as 4 iterations

21. 9:53 - #1444r0, STMicro; LDPCC codes structured versus random

22. Session adjourned at 10:00AM and will reconvene in Hall C at the convention center as close to 10:30 as possible.
23. Session reconvened at 10:40 AM due to the relocation to Convention center

24. 10 44 - #1375, Mitsubishi

25. 10:46 - #1378, Philips;

26. 10:50 - #1386,WWiSE; Turbo codes similar to Mit-Mot

27. 10:54 - #899r5, ST Micro; MAC; endorse TGe features, piggyback scheme

28. 10:58 #1361, SciCom; F-LDPC Codes suitable for any of the complete proposal
29. 11:01 #1368r1, Samsung; two level frame aggregation (MMRA), Partial MAC

30. 11:03 #1374, InterDigital; MAC and PHY

31. 11:06 #1365,ETRI; STM and STBC PHY

32. 11:10 #1447r1, Panasonic;  Varying Interleave Pattern MIMO

33. 11:13 #1373, IceFyer; promote beam steering to optimize channel SNR; need Channel State Info (CSI) at TX

34. 11:15 #1367, Nortel; LDPC codes comparable to Turbo codes and efficient using structured codes instead of random codes
35. 11:17 #1459, ITRI; 
36. Note: ALL (partials and completes) WRITTEN Questions will be appended to the Chairs meeting doc – 11-04-1218

37. Questions from Joseph Levy:    
a. For ETRI;  A = ?
b. For IceFyer; A = yes as must be the case if the streams are to be separated

c. For Infocomm, A= no

d. For Motorola; A = freq will be considered in the future

e. For Panasonic; A1 = yes; A2= 6 symbol interleaver since 3 dB gain
f. For Samsung; A1 = scheduler not needed; A2 = only for downlink period

g. For Sharp; A1 = audio markets; A2 = takes too long

h. For STMicro; A1= idea is using block ack; A2 = PA settling time
38. Pratik Mehta Questions were addressed by volunteers from the partial proposal Presenters

a. Scalability – addressed by IceFyer who wants to see hooks in the CSI algorithms for the vendors to use for their optimization

b. Backward Compatibility – addressed by STMicro who said LDPC is optional and therefore compatible

c. Impact on Complete proposals – addressed by STMicro who said LDPC will increase die size
d. Impact on Complete proposals – addressed by WaveBreaker (Scott Leyonhjelm) who said WWiSE would benefit from fast rate adaptation; also, moving the training sequence to later in the frame would benefit all the proposals that depended on obtaining CSI
e. Heterogeneous Networks – addressed by Interdigital who said that yes it will be an issue but with time the networks will be come much more homogeneous
39. Questiuons from the floor:

40. for Infocomm research; how is legacy operation supported by STBC

41. for Mitsubishi; for what applications is Statistical Rate Allocation effective for applications using CSI
42. for Philips; 1 over 4 coding rate, how does it compare with 1 over 2 coding rate? A = see 1st presentation

43. for Interdigital; advantages of STBC over SFA; A = by Eldad Zeira - we don’t have results

44. for Hughes Network Systems; did you do comparisons of  LDPC iterations for MIMO
45. for Sharp; why time stamps and not buffers for removing jitter? A = switching buffers takes time?

46. No further questions for partial proposal presenters.

47. Session recessed at 12:24 until 1:30 today
Tuesday 1:30

1. Session reconvened at 1:34 PM in the convention center

2. Chair – addressed cell phone ringers

3. John Egan,Roger Tseng, Albert Liu; Infineon;11-04- 1400 r4; Comparison of nSync and WWiSE proposals
a. John Egan re: Applications and Use Cases

1. PDA

2. Wireless PAD

3. Session Mobility while in session (Pedestrian = 1 m per sec)
b. Roger Tseng – nSync vs WWiSE re: Phy

	Features
	TnSync
	WWiSE

	Preamble format
	Neat
	More Efficient (shorter)

	MIMO Channel estimation
	Simple
	Needs more adders for interpolations

	Spectrum
	Fewer null sub-carriers around DC @ 40MHz mode
	Wider @ 20MHz mode

	Throughput (for long packets 

     under identical MAC efficiency)
	Higher,    if “R=7/8 & ½ GI” is employed.
	Higher,    at “R=3/4 & 2 Tx”

	claimed Performance for reference (@ 2X2, 64QAM, R=3/4, 20MHz)
	0.3dB Better @ ch-D (full GI, CC67)
	 0.3dB Better @ AWGN (CC59)

 0.8dB Better @ ch-B (T: 1/2GI , CC67)

	Gate count        (Mandatory mode)
	Slightly lower due to simpler channel estimation
	Slightly higher

	Optional features
	Many
	Few

	Proposal stability & Completeness
	Sensitivity & EVM proposals are still missing
	Better


c. Comparison nSync vs WWiSE re: MAC by Albert Liu

1. Suggestions:


d. Overall Summary

1. More Use and Application cases need to be considered for a full analysis of proposals. This analysis needs to be scheduled.

2. Both TGn Sync and WWiSE proposals have strengths  and weaknesses. We recommend an effort to resolve these through some form of merger.

3. The market should get as strong and technologically advanced a standard as possible to promote the next wave of consumer and in-premise distribution beyond traditional LAN devices
4. Chair recessed at 2:07 until 2:30 per agenda special orders
5. Chair reconvened the session at 2:30
6. Review of Complete Presentations commensed
7. Bruce Kraemer, TGn chair had a conflict from 2:30 to 4:30; Secretary, Garth Hillman, became chair and Aryan Saed volunteered as secretary for the two hour period.

8. Mit-Mot; Bruno Jechoux, 11-04-1369R3; MAC and MIMO Techniques for MORE Throughput
a. Overall Goal and Positioning

i. Preserve compatibility with legacy IEEE802.11 system

ii. Evolution: expand current WLAN application domain, offer a consistent solution to
1. Provide required QoS to support consumer electronics (multimedia home environment and VoIP enterprise)

2. Grant range extension for limited outdoor operation (hotspot) as well as full home coverage

3. Support heterogeneous traffic: increase overall peak data rate without jeopardizing lower data rates modes

4. Manage diversity (laptop/PDA/VoIP Phone) and evolution (independent STA/AP antenna configuration upgrade) of devices through asymmetric antenna configurations

iii. Proven and simple solution: combine a highly efficient contention-free based MAC with robust yet low complexity open-loop MIMO PHY techniques
b. PHY Outline by Markus Muck

· The MitMot PHY layer proposal consists in an extension of IEEE802.11a PHY including several key new features:

i. 20MHz (mandatory), 40MHz (optional) bandwidth

ii. Optional second OFDM modulation using 104 data subcarriers among 128 in 20MHz or 40MHz bandwidth

iii. Multiple TX/RX antenna modes handling asymmetric antenna configuration (2, 3 or 4 transmit antennas, 2 or more receiving antennas); STBC and SDM; simple transmitter; # of RX antennas determines max number of streams (4 streams undesireable from a robustness perspective)
iv. Frequency and spatial interleaving
· Plus a space time interleaver to avoid neighboring bits on the same antenna
v. Advanced optional forward error correction scheme relying on turbo-codes

vi. Improved preamble design for multi-antenna channel estimation and synchronization purposes

vii. Link quality metric feedback for efficient link adaptation

viii. Simulation Results & Conclusion

Note: STS = Short Training Sequence
Note: LTS = Long Training Sequence

Some notes captured from presentation

i. From 2x2 to 4x4 gain improvement is 4.3 to 7 dB

ii. Max throughput at 20 MHz is 176 Mbps and at 40 MHz 468 Mbps

iii. FEC: legacy 11a BCC plus 5/6 puncturing, plus optional Turbo Code rate ½ to 5/6.
iv. Main advantages in implementation: scrambling prior to padding, 2048 bit segments (no new interleaver for each block size). Avoids memory contention access for interlever. 2dB gain

v. Preamble: STS in time domain based on code overlay sequence. Ensures cross correlators are very simple. LTS defined by limited alphabet. STS has good spectral and crosscorrelation properties, high peaks with overlay, good for time synchronization. Detection probability from -6 to 6dB SNR equals nearly one in 2x2 and 4x4. 
vi. Preamble: LTS

vii. Link quality metric feedback for channel capacity and estimate for PER. Accurately estimate PER based on capacity.

viii. Performance: 120Mbps at 35dB in 2x2. 

ix. Channel D: 2x2 35dB, 3x3 25.5dB 4x4 23dB SNR required for PER=10%.

x. 32 sample GI important for very large delay spread in channel F, error floor from 16 sample disappears.

xi. Negligible drawback in performance from drawback modes

c. MAC Presentation by Bruno Jechoux

i. Why New Access Method

· 802.11n scope:

· Enhance performance, properly serve QoS application and increase efficiency.

· Identified weaknesses in legacy MAC: 

· Collisions and contention overhead (EDCA)

· Fixed Inter Frame Spaces (All)

· Polling efficiency and latency (HCCA)

· MAC-PDU overhead (All)

· PLCP overhead (All)

· Block ACK limitations (All)

Bottom line :Numerous new patches to legacy required
· Minimum set of modifications

· Adaptive resource allocation mechanism

- Polling enhancement

· New frame format

- MAC PDUs and PLCP overhead reduction

- Flexible and error-resistant frame aggregation

· Enhanced ACK scheme

- More powerful and more flexible than Block ACK

· In-band, resource thrifty signaling

- Latency reduction and efficiency increase 

· Collision and contention suppression

Conclusion - A new access mode is preferable

· ECCF - Extended Centralized Coordination Function – Introduced
· Max Delay < 20 ms for QoS; good for VoIP which is the most difficult application
ii. Notes captured from the MAC presentation:

1. ECCF
a. Functions are distributed over 4 sublayers

i. LLCF

· Packet Sequence Number Assignments

· MAC Header Compression

ii. SAR
· Segment Sequence Number Assignments

· Segmentation/Re-Assembly

iii. MIS

i. Error and flow control

iv. MLS

· Encryption

· MPDU Header

· Signaling Insertion

2. 802.11 Frame and beacon maintained. CFP, CP maintained. MTF is period at which resources are allocated, dynamic allocation of resources. Flexible enough for legacy and 11n stations. Multiple ECCF in superframe.

3. Frame structure. In one MTF multiple MPDU, each TI (time interval) contains one MPDU only, only one header. MPDU can be aggregated, multiple destination, long PHY bursts up to 1ms. PGPM defines time intervals for multiple stations. MPDU describes length and phy mode. 

4. Aggregation: multiple phy modes, multiple flows, multiple destinations. E.g. VoIP, TCP, MPEG flows. Packet sequence numbers. Each segment has header and CRC. Segment sequence number. MPDU up to 1ms.

5. Resource allocation scheme: ECCF period within CAP or CFP, allocation is within MTF.  PGPM for resource allocation messaging , polling. TI (time interval) used for data transmission and RR (resource request).

6. Enhanced ACK and flow control: on a flow basis (one source, one destination, one priority). ACK is cumulative ACK for sequence. For missed packets: selective ACK in case of errored packet, ACK with SDU number, indicating which segment. ACK is for segment not MSDU.

7. Homogeneous BSS – new .11n beacon only is transmitted
8. Heterogeneous BSS – both legacy and .11n beacons are transmitted and in that order

9. Overlapping BSS avoided by using DFS from .11h

10. ECCF robustness: MAC efficiency versus PER for scenario 1,4,6: >60% for all PER 0..10%, high performance even in bad radio conditions.

11. ECCF scalability: MAC efficiency is constant versus PHY rate 50Mbps to 250Mbps.

12. Mixed traffic handling: increased number of stations for TCP flow keeps MAC efficiency at <60%. With 30x VoIP still 65Mbps available.

13. Delay performance: max delay is 20ms for QoS. VoIP is most stringent application. Simple round robin scheduling. 

14. Simulations. Scenario 1: 106Mbps at MAC-SAP from 139Mbps at PHY. Scenario 4: 130Mbps available from 178Mbps PHY. Scenario 6: 103Mbps from 155Mbps PHY.
e. Results Conclusion:

· QoS requirements supported (throughput and delay)

· In all scenarios

· High level MAC efficiency

· Above 65 % in all scenarios

· Efficient with QoS flows as non QoS flows

· Very good scalability

· Constant efficiency versus PHY rate

· Backward compatibility

· Flexibility ensured, without context-dependent tuning
f. Overall Conclusion - Full support of all mandatory 11n simulations scenarios with a 120 Mbps PHY layer
g. Differentiators:
1. Resource allocation mechanism is highly dynamic

· QoS provided without use of traffic profiles (TSPECS)

2. Enhanced transparency and predictability through broadcast grouped resource announcement

· yields clean low power implementation and low overhead

3. Inherent clean split between legacy and .11n devices at MAC level

· no need for mixed-modes transmission mode definition

4. High Efficiency independent of application packet size through segmentation

5. Robustness to error through retransmission mechanism on segmented packets

6. .11n specific beacon enables materialization of new PHY mode range prediction

7. Build in support for asymmetric TX/RX antenna configurations to accommodate various terminal sizes (PDA/Phone) offering a scalable and evolutionary solution

8. New preamble definition: allowing easier tradeoff between quality/complexity for CSI estimation avoiding the important noise enhancement using ZF approaches

9. Open-loop link quality feedback for easier and better link adaptation

9.  Reccessed at 3:24 until 4 PM
Tuesday 11-16-04; 4PM

1. Chair reconvened the meeting at 4 PM
2. TGnSync Presentation by Jon Rosdahl, Aon Mujtaba and Adrian Stephens; 11-04-888r4
a. Introduction by Jon Rosdahl

i. Mission

a. Develop a scalable architecture to support present and emerging applications

b. Foster a broad industry representation across market segments
b. Phy by Aon Mujtaba
i. Mandatory Features:

a. 1 or 2 Spatial Streams

b. 20MHz and 40MHz* channelization

c. 1/2, 2/3, 3/4, and 7/8 channel coding rates

d. 400ns & 800ns Guard Interval

e. Full & seamless interoperability with a/b/g

ii. Optional Features:

a. Transmit Beamforming

b. Low Density Parity Check (LDPC) Coding

c. SDM with 3 or 4 spatial streams using existing preamble
iii. Changes since Berlin

a. Removed Options

i. Reed Solomon coding

iv. Changed to mandatory in 20MHz:
i. 7/8 code rate

ii. 400ns (in addition to 800ns GI)

iii. Highest Rate = 140Mbps in 20 MHz or 243Mbps in 40MHz
v. Bottom Line – 140 Mbps in 20 MHz; or, 243 Mbps in 40 MHz

vi. STF = Short Training Field

vii. BF = Beam Forming

viii. Is 40 MHz Mandatory?
a. Yes - Both 20 MHz & 40 MHz capabilities are mandatory

i. With exceptions due to regulatory requirements

b. Capability depends on regulatory domain (just like channelization plans):

i. 20/40 MHz capable devices

ii. 20 MHz only capable devices

c. Both types of devices are fully interoperable
ix. Overall PHY Summary

a. Mandatory Rate of 140Mbps in 20MHz:

i. 2 Spatial Streams

ii. 7/8th rate coding

iii. 400ns Guard Interval

b. Low Cost & Robust Throughput Enhancement:

i. Scalable to 243 Mbps in 40MHz

c. Optional Robustness/Throughput Enhancements:

i. LDPC Coding

ii. Transmit Beamforming

iii. Scalable to 630Mbps with 4 spatial streams in 40MHz
x. Notes captured during the presentation:

a. Receiver assisted rate feedback

b. Unequal rates on spatial streams, with CSI at TX, closed loop

c. Orthogonal spatial spreading

d. Receiver does not need to distinguish between open loop or closed loop transmission, which is key to scalability.

e. SDM: coding is for joint streams, interleaving is over separated streams.

f. 20MHz tone spacing is identical to 11a. 40MHz with 128pt FFT, with filled guard band, thus 2.25x increase.
g. HT-Preamble is legacy compatible, with tone interleaved HT-STF and HT-LTF. Auto-detection: legacy data or HT-Signal field determines receiver mode, based on Q-BPSK (BPSK with 90deg rotation). The ‘reserved’ bit is undefined, cannot rely on the setting

h. MIMO AGC: Legacy STF used for power measurement. HT-Data is possibly with multiple streams. Tone interleaving not allowed for LTF. Cyclic delay gives nearly decorrelated STF, but there are interoperability problems, and has more variation w.r.t to the data power, requiring more dynamic range in ADC. Prefer tone interleaving. Power fluctuation problem persists with LTF as well.

i. Preamble seemlessly supports closed loop.

j. 20/40 operation: in Japan 40MHz is disabled, in US 20MHz supported. Mandatory: 2x2x40 for 100Mbps.

k. Tx beamforming: 10dB gain for 4x2-ABF over 2x2 (both cases receiver has 2 antennas)

l. Optional LDPC: 2..4dB over BCC (over 15 .. 30dB SNR)
c.   MAC by Adrian Stephens
i. Mandatory Features:

a. MAC level frame aggregation

b. RX assisted link adaptation

c. QoS support (802.11e)

d. MAC header compression

e. Block ACK compression

f. Legacy compatible protection

g. 20/40 MHz channel management

ii. Optional Features:

a. Bi-directional data flow

b. MIMO RX Power management
iii. Changes since Berlin
a. Removed

i. TSPEC negotiation

ii. Packet loss priority

b. Added

i. Enhanced Block ACK

Note: 20 MHz and 40 MHz channels never operate at the same time
iv. Overall MAC Summary:
a. Baseline Features

i. MAC Level Frame Aggregation

ii. QoS Support (802.11e)

iii. Receiver assisted link adaptation

b. Additional MAC Efficiency

i. Header Compression

ii. Multi-Receiver Aggregation

iii. Bi-Directional Data Flow

iv. Enhanced Block ACK

c. Legacy Compatible Protection Mechanisms

i. Long NAV

ii. Pairwise Spoofing

iii. Single Ended Spoofing

d. Scalable Channel Management

i. 20/40 MHz Operating Mode
ii. Notes Captured during the presentation
1. Removed TSPEC and packet loss
2. Aggregation: chunk can be lost without loosing structure. MPDU with CRC, MPDU aggregation. Exchange groups of frames “aggregate exchange sequences”. Initiator holds TXOP, responder is under control.

3. Rx assisted rate adaptation: control MPDU IAC (initiator) and RAC  (responder). 

4. Multiple receiver aggregation: no need to aggregate small packets e.g. VoIP for one receiver. Multiple responses from multiple receivers.

5. Protection mechanisms: MAC level and PHY level: LongNAV and spoofing.

6. Operating mode selection: control two 20MHz channels with beacons, never contention between 20MHz and a 40MHz client.

7. MAC simulation results documented and submitted.

3. WWiSE (Worldwide Spectrum Efficiency); Sean Coffey, TI; 11-04-0935r4

a. Approach:

i. The partnership was formed to develop a specification for next generation WLAN technology suitable for worldwide deployment

ii. Mandatory modes of the WWiSE proposal comply with current requirements in all major regulatory domains:  Europe, Asia, Americas

iii. Proposal design emphasizes compatibility with existing installed base, building on experience with interoperability in 802.11g and previous 802.11 amendments

iv. All modes are compatible with QoS and 802.11e

v. Maximal spectral efficiency translates to highest performance and throughput in all modes

b. Recap:
i. WWiSE proposes 2 transmitters in 20 MHz mandatory

1. Rates 54, 81, 108, 121.5, 135 Mbps

ii. Optional extensions to 3 and 4 transmit antennas

iii. Optional space-time block codes for longer range 

iv. Optional 40 MHz counterparts of all 20 MHz modes

v. Optional LDPC code

vi. MAC: HTP burst, aggregation, extended Block Ack
vii. See 11-04-0935r3 for a full description
c. Changes since Berlin:

i. 20/40 MHz coexistence language strengthened

1. Devices must perform CCA on secondary channel

ii. All space-time block codes are now optional

iii. Modifications to rate tables for 2x1-20 MHz, 1x1-40 MHz, and 2x1-40 MHz

iv. See 11-04-0886r5 

d. Suggest that the common configuration for comparison is 2x2, 64 QAM at rate=3/4

e. For STBC – block size is always 2 symbols; entirely open loop

i. MAC Presentation by Mathew Fischer Broadcom
1. Features

a. The WWiSE proposal builds on 802.11e functionality as much as possible, in particular EDCA, HCCA, and Block Ack

i. Block Ack mandatory

b. WWiSE proposal ensures backwards compatibility

c. Targeted effectiveness - ROI

i. Eliminate the big bottlenecks

ii. Avoid schemes which yield relatively small improvement in performance in return for large complexity changes

d. Benefits of simplicity

i. Shorter time to standardization

ii. Shorter time to productization

iii. Shorter time to interoperability
2. WWiSE proposal introduces:

a. Only ONE new frame subtype

i. not actually a new subtype – uses QOS field reserved bit

b. No new MAC access control functions

i. Re-uses existing DCF/EDCA/HCCA

ii. TGE => QOS + Efficiency enhancements

iii. EDCA: reduce DCF overhead with continuation TXOP

iv. HCCA: reduce EDCA overhead with controlled access

c. WWiSE brings forth three simple efficiency enhancements
i. These achieve high performance, even compared to other proposed enhancements 

d. Efficiency enhancements:

i. MSDU (MAC Layer) Aggregation

1. Removes significant MAC overhead

ii. HTP Burst

1. Eliminates major remaining components of MAC / PHY overhead

iii. Enhanced Block Ack

1. Allow No-ACK policy

2. Removes significant ACK overhead

3. Block Ack eliminates MAC transmitter turnaround overhead
iv. MAC Frame Aggregation
e. MSDU (MAC Layer) Aggregation
i. “New frame subtype”

1. Uses reserved bit of QOS subfield

ii. Increased maximum PSDU length, to 8191 octets

iii. Impressive improvements in MAC throughput

1. WWiSE simulations use n=8 (with overriding max MPDU size limitation of 8191 Bytes)

Note: HTP = high throughout preamble

f. Legacy Interaction

i. Legacy remediation

1. N-STA detection/advertisement

a. Uses proven 802.11g signaling and rules

b. Extends ERP information element

c. Identification of TGn and non-TGn devices and BSSs

2. Legacy Protection mechanisms

a. Existing protection mechanisms (extended to N/G case)

i. Set NAV to protect new modulation types

ii. E.g. RTS/CTS, CTS2SELF, etc.

b. WWiSE adds PLCP length spoofing as additional tool

g. Conclusion:
i. One unified format

ii. Used for 2, 3, 4, transmit antennas

iii. 20 MHz and 40 MHz channels

iv. Used with open-loop space-time block codes 
h. Summary:

i. WWiSE proposes 2 transmitters in 20 MHz mandatory

1. Rates 54, 81, 108, 121.5, 135 Mbps

2. High performance, maximum robustness for given data rate

ii. Optional extensions to 3 and 4 transmit antennas

iii. Optional space-time block codes for longer range 

iv. Optional 40 MHz counterparts of all 20 MHz modes

v. Optional LDPC code

vi. MAC: HTP burst, aggregation, extended Block Ack
4.  Chair recessed the session at 5:59 PM and will be reconvened at 7:30 PM
Tuesday Evening 11-21-04; 7:30 – 9:30 PM
1. Chair called the session to order at 7:30

2. Qualcomm Presentation; doc 11-04-1404r3; John Ketchum

a. Introduction and PHY discussion by John Ketchum

b. Goals:

i. Maximize Throughput, QoS, and Spectral Efficiency 

ii. Minimize complexity and assure backward compatibility 

iii. Provide balance between TTM needs and 11n design longevity economics

c. Only 20 MHz

d. Closed Loop rate control

e. SS-STBC – Spatial Spreading – Space Time Block Code

f. PHY Summary

i. Builds on 802.11a waveform

1. 20 MHz bandwidth with 802.11a/b/g spectral mask 

2. 802.11a modulation, coding, interleaving with expanded rate set

ii. Backward compatibility through legacy STF, LTF and SIG

iii. Supports a maximum of 4 wideband spatial streams

iv. Two forms of spatial processing

1. Spatial Spreading (SS): modulation and coding per wideband spatial channel

a. No calibration required

b. SNR per wideband spatial stream known at Tx

2. Eigenvector Steering (ES): via wideband spatial modes/SVD per subcarrier

a. Tx and Rx steering

b. Over the air calibration procedure required

v. Rate adaptation enables sustained high rate operation

vi. PHY techniques proven in FPGA-based prototype

vii. Spatial Spreading: Mandatory & Optional Features

1. Mandatory

a. Hadamard matrix-vector multiply at transmitter 

b. Cyclic transmit diversity at transmitter

c. Receiver must be capable of handling spatially spread signals (zero-forcing, MMSE, etc.)

d. Support for rate feedback in PLCP/MAC header

2. Optional

a. Rate feedback functionality

viii. Support for Eigenvector Steering

1. Base standard mandatory features are required to support optional ES mode

a. Independent rates per stream for up to four streams

i. Modulation/coding/interleaving must support independent rates per stream

b. Rate feedback

i. Fields in PLCP header extension or MAC header 

c. MIMO training waveform design

i. Must support steered reference

ii. Allows implicit channel state feedback in all PPDUs

iii. Tone interleaving (TGnSync) or Walsh cover (Qualcomm)

d. Related elements such as signaling for mode control
ix. Notes from Presentation:
1. Consider STBC on top of SS
2. Do not propose a particular advanced coding but require that advanced coding be on a per stream basis

g. Sanjiv Nanda presented the MAC

i. Objectives

1. Enhanced efficiency built on 802.11e

a. Ensure high QoS and high throughput

2. Support MIMO operation with limited overhead

3. Limit introduction of new features

4. Minimize burden on transmit and receive processing
ii. MAC Summary

1. Mandatory Enhancements to 802.11e

a. Aggregation

i. Frame Aggregation to a single RA.

ii. PPDU Aggregation: Reduced or zero IFS

b. Adaptive Coordination Function (ACF)

i. Multi-poll enhancement to HCCA

ii. Low latency

c. Data rate feedback from Rx to Tx

i. Enhanced rate adaptation

ii. Very low overhead
d. Eliminate Immediate ACK

e. Data Rate Feedback

iii. Recap

1. Maximize Throughput, QoS, and Spectral Efficiency 

a. Eigenvector Steering (ES) and rate feedback provide the highest throughput and QoS performance. 

b. ES should be an Optional Feature that can provide significant longevity to the 11n standard.

c. Provision for optional ES in 802.11n requires a few mandatory and some specified optional features
2. Provide balance between TTM needs and 11n design longevity economics

a. Both Spatial Spreading and Spatial Spreading with Space Time Block Coding are good mandatory alternatives that meet TTM objectives

b. ES should be an Optional Feature that can provide significant longevity to the 11n standard.

h. Summary

i. Qualcomm proposal builds on existing 802.11a,g,e design

ii. 802.11n can enable new markets & applications:

1. Multimedia distribution in the home

2. Enhanced enterprise applications (e.g. VoD, Video Conf.)

iii. These applications require:

1. High throughput ( SS/ES, ACF, rate feedback

2. High QoS ( SS/ES, ACF, rate feedback

3. Maximized range ( ES

4. Maximum spectral efficiency ( ES

iv. SS/ES + rate feedback + ACF meet the requirements associated with these new markets & applications: 

1. Highest network capacity: greater than 100 mbps above the MAC inside 30 m (20 MHz, 2x2, 5 GHz)

2. Reliable coverage

3. QoS: Less than 50 ms latency with “ZERO packet loss”

i. Questions:
i. Scalability? A – Water filling, not much to be gained

ii. 1 or 2 spatial streams in SS – STBC? A – 1 to 4  spatial streams

iii. Which loss model? A – used TGn loss models

3. Mit-Mot Q&A Session

a. Pratik’s general questions:
i. Backward compatibility

1. Propose a super frame composed of legacy device frame and a .11n frame

ii. Heterogeneous Networks – interference from surrounding APs

1. use CTS to self

iii. Mandatory – CC, 2 TX antennas, 20 MHz

iv. Optional – 40 MHz, enhanced FEC based on advanced codes,

v. Scalability

1. PHY – power scales, can be parallelized

2. MAC – scales with any PHY rate

b. From the Floor

i. Lesson from TGe – overlapping BSSs and QoS compatibility with legacy (state behavior); will your new access mechanism really be compatible with TGe? A1 – issue is CTI (contention time interval) but we can use CTS to self.  A2 – this new mechanism is more predictable than TGe
ii. What is position on closed loop MIMO? A – for VoIP open loop is best but certainly closed loop should be considered; hooks are in our proposal
iii. How does MAC deal with bursty traffic? A – sta must request transmission; even VoIP traffic is not very bursty
iv. What is the justification for the 3rd and 4th antenna since only 2 streams? A – true, can be done without the complex conjugate but from a mathematical viewpoint it is elegant

v. Long training, why 4 training signals? A - true only 3 symbols could be used

vi. Why did you use channel D? A – gave the best results

vii. Short training signal design, why introduce phase factors? A – time synchronization

4. Chair reminded group of .19 liaison meeting in Mesquite room tomorrow at 9 AM

5. Any Presentations for Thursday PM? Nothing from the floor

6. Timing for tomorrows Q&A sessions:

a. TGnSync 1:30-2:30

b. WWiSE 2:30-3:30

c. Qualcomm 4:00-5:00

d. Panel Discussion 5:00 – 6:00

7. Session recessed at 9:15 until 1:30 Wednesday.

Wednesday PM 1:30 – 6:00 PM

1. Chair called the session to order at 1:35 PM

2. Chair reviewed the agenda for today and tomorrow

3. TGnSync Q&A; 11-04-1496r0; Responses to Written Questions; Aon Mujtaba and Adrian Stephens

a. WWiSE questions 
i. on why 40 MHz should be mandatory? A – both 20 and 40 MHz are mandatory and interoperable; 40 MHz PPU into a 20 MHz receiver will be deferred gracefully; capability depends on where device is purchased, e.g., if bought in Japan only 20 MHz operation will be enabled. 40 MHz has better performance than 20 MHz at the same power.
ii. Details of LDPC code? A – in the process of merging in LDPC solutions;  the next revision to be tabled at the Jan meeting will include the LDPC details.

iii. Calibration of close loop process? A – est correction coef and then apply those coef; relatively infrequent; simple sounding calibration protocol which has minimal overhead at the client; AP calculates; see 1488r0.  
iv.  Large number of modes, what is the  value? How can a testing body test them all? A – coding rate, modulation, length of GI and number of streams are the variables; this is really comparable with other proposals; optimal channel  depends on MIMO channel conditions which may result in the same
v. Mandatory vs Optional? A – Multiple Rx Aggregation optional at TX but is mandatory at RX, Header compression is optional at the TX and mandatory at the RX; TX must use a protection mechanism; beam forming is optional at the TX but mandatory at the Rx
vi. Use of Reserve bit #22 at the TX? A – General problem for body

vii. MSDU Aggregation Memory Req’ts? A – not necessary to buffer a whole aggregate.

b. Interdigital Qs

i. Implicit feedback using sounding packet, why not explicit feedback since implicit FB is more overhead than explicit FB? A – CSI is too much overhead; compression by quantization hits performance; implicit FB uses reserve fields in IAC/RAC so no overhead on MAC scheduler.
ii. Additional coding on top of Eigen beamforming? A – independent rates on each spatial stream
iii. How did you achieve higher data rates then others? A – in topology; assumed closer to AP
iv. What is average packet size where aggregation and channel aggregation show improvement? A – aggregation is always preferred regardless of MPDU length; block ACK is similarly better. 

c. Dell’s Questions

i. Backwards Compatiblity? A – preamble design is 100% interoperable; .11b interop based on RTS/CTS

ii. Heterogenious Networks? A – IAC and RAC frames are sent at legacy (a/g) basic rates; ie same techniques as used by g today

iii. Mandatory/Optional? A – see 888r4;  Optional PHY - Tx  beam forming, LDPC, spatial streams; Optional MAC – bidirectionnal data flow and MIMO RX power management

iv. Scalability? A – see dimension slide in yesterday’s presentation - Performance up to 630 MHz, depending on markets, regulatory domains; scheduling techniques on the MAC side

d. Summary of benefits of TGnSync preamble recalled
e. Questions from the floor

i. Number of Modes (38 mandatory modes for 2 TX an 20 MHz) justification? A – optimum selection due to rate feedback; several possibilities to realize a given rate set but rate adaptation algorithm not given
ii. 1488 basic beam forming focus? A – yes; bidirectional beamforming will be delt with in Jan; calibration procedures likewise will be disclosed in Jan.
iii. What does the client need to do for advanced beamforming? A – if going to TX then you need to apply coeff at the client instead of relying on those coeff being sent by the AP

iv. Def’n of basic beamforming? A – necessary to RX not to TX; killer app is MM distribution in the home (4 TX AP to 2 RX client); noted Qualcomm seems to believe more in the symmetrical case
v. FEC code? A- LDPC code will be spec’d by Jan meeting

vi. Will your focus be on .11 only? A – focus is on .11 and not .16

vii. What code was used for the simulations? A – random code; August sims based on random structure similar to codes in .16e
viii. Reserve bit issue, section 7.1.1 sets reserve bit to zero for TX and ignored at Rx? A – will comply
ix. What is the physical mode recommenrded for VoIP? A – closed loop since transmission is periodic at a fast rate therefore training at a previous packet can be used for the next packet
x. Rate feedback is used for open loop

xi. Have any test results in hardware? A – Agere does not for rate 7/8

4. WWiSE Q&A; 11-04-1495; Chris Hansen, Mathew Fischer, Bruce Edwards
a. Feinberg Q’s

i. Mixed mode preambles, were they validated in sims and hw? A – yes using legacy equipment and sims but not for channel models B,D,E
ii. Would errors on signal field dominate? A – not simulated but will not dominate for long packets
iii. Only use 2 pilot tones; are advanced receiver techniques required? A – No; see proposal
iv. > 3 TX antennas; how to transmit one stream? A – if one stream would only use 2 antennas

v. ? A – power difference is 0.5 dBrms

vi. Do you control your IP for channel estimation scheme? A – see www.wwise.org
vii. Mixed mode/legacy and green field interactions? A – all will be fully backward compatible

viii. Circumvent Alimouti STBC patent? A – all STBC modes are now optional so no issue with Alimouti
ix. In a low error environment high MSDU aggregation will be effective
x. HTP bursting and A-PPDU for multiple RXs?
b. Interdigital Q’s

i. Hard or soft Viterbi decoder? A – soft

ii. A – actual phy rates have been changed

iii. Frame size? A – 1kB frames

c. Dell’s Q’s

i. Backward Compatibility? A – backward compatible with a/b/g 

ii. Herogeneous clients? A - backward compatible with a/b/g
iii. Mandatory/Optional? A – 2 TX, CC codes, 20 MHz is all that is mandatory

iv. Scalability? A scales with both BW and # of antennas

v. Q’s from the floor

1. Since STBC is now optional, how to TX at less than 54 Mbps without using STBC? A – we would use legacy or do aggregation using legacy rates

2. So limited to 4 KB due to length bits? A – yes

3. MAC sim results have changed significantly between ppt and word, do you have an FRCC doc? A – should be rev 5 doc; main difference is that they included MSDU aggregation
4. Sim include real channels? A – 2 pilots only for 20 MHz modes; strived for spectral efficiency

5. Same algorithm for channel est and pilot tracking? A – yes; phase noise included in simulation; clarification in January
6. Perf results don’t match FRCC doc, why? A – no RF impairments in some results presented yesterday so there is a 3 dB difference in performance
7. Closed loop vs open loop, why not use a closed loop MIMO preamble? A – many varieties of closed loop, our presentation does not preclude them all;
8. ACI with abg systems is problematic, won’t using two tones on the side cause a problem? A – no, mask has not been violated and simulations do not show 

9. How does RX know what to expect in ZIFS case? A – bit in signal field (LPI bit)

10. Slide 12 of PHY, 135 Mbps at MAC SAP, what PHY mode? A – take off line

11. STF and large cyclic delays; interop analysis; any published results? A – yes we have a set of measured results

12. Full impairments in FRCC? A – yes

13. Comparison materials? A – no, to get an apples to apples comparison no all impairments were used in every case

14. Greenfield network, lowest data rate? A – 6 Mbps legacy rate

15. ACR, with 56 tones? A – have not measured impact on ACR however added tones do not make system sensitive to ACI; compared 56 to 52 tones in ACI sim 

16. MIMO training in HT preamble;  why use that preamble; will it support Eigen beam steering? A – allow accurate ch. est. and to make the preamble as short as possible for spectrum efficiency; considered many short preambles; will share results soon . Preambles can be found that do not limit beam forming.
17. 2x2 20 ch B -> 20Mbps, do they meet QoS requirements? A- off line

18. Legacy LTF for MIMO ch est? A – NO; all ch est after signal field 

19. Slides 35, 36; cyclic shifts better behaved if the same? A – yes
5. Recessed at 3:30 until 4 PM

6. Reconvened at 4 PM

a. Qualcomm Q&A; Sanjiv Nanda and John Ketchum; 1449r1, 1452r1
b. Interdigital Qs 1449

i. Spatial coding (eg STBC) on top of Eigen beam forming? A – no need since BCC already optimal for ES mode
ii. What constraints on MAC in order to use CSI feedbacl? A – not constrained to the MAC

iii. Why throughput for 4x4 > 2x for 2x2? A- actually ~ the same

c. Dell Q’s:

i. Backwards Compatibility? A – signal and preamble are unchanged; rate field set to an undefined value in a/g; different from spoofing for protection but at a cost of one OFDM symbol for the signal field
ii. Legacy Sharing? A – used FRCC parameters; legacy only 24 Mbps; 12 Mbps in shared legacy 
iii. Scalability? A – 1-> 4 spatial streams (SS) + antennas; EV steering; will last years; low complexity STAs.
iv. Mandatory vs Optional? A- PHY mandatory – SS, 2 antennas, PLCP header support, PLCP extensions for rate feedback plus steered PLCP fro training; MAC mandatory = frame aggregation, sched and scap, extensions to Block ACK; compressed Block ACK is optional.
d. Hallway PHY Q’s presented by Qualcomm
i. Over-the air Calibration? A – compensates for ampl and phase changes in the RX; required very infrequently, e.g., 24 hours; simple exchange of calibration symbols; 1000 symbols for 2x2, >2400 symbols for 4x4

1. Sounding waveforms (STA returns a calibration PPDU at the request of the AP) == MIMO reference waveforms
2. Send the two sounding waveforms to AP close together to make air channel quasi-stationary
3. Channel estimates are returned to the client; client performs calibration for itself and for the AP. This is not time critical. Can fall back to unsteered mode in the meantime.

ii. How accurate does the calibration have to be? A – slide 8, Cal Error vs RX SNR, at SNR ave = 20 dB, cal error averaged only -20 dB; shows residual errors do not significantly affect system performance
iii. What if repeat cal process to average thermal effects? A –  error drops with averaging so limit is thermal noise (see slide 6); slide 7 shows Cum Distribution Fnc of capacity assuming perfect calibration and a -10 dB error in calibration when SNR=20 dB
iv. Summarize – calibration infrequently, low overhead message exchange, non-time critical ch. Est., cal errors have minimal impact

e. Q’s from Floor

i. Does cal need to be done on both sides? A – only one
ii. Signal diversity wrt legacy devices? A – should not affect legacy performance; should look like channel it decorrelates. CDD (channel delay diversity?) has positive effect in highly correlated channel, e.g., in ch model B diversity is increased.
iii. CDD in Qualcomm different than WWiSE due to larger delay

iv. ? A – 12 bit quantization for ch. Est. and cal coef.
f. Hallway MAC Q’s

i. Scalability – use ACF in addition to frame aggregation; no immediate ACK has value; ACF facilitates close loop throughput, data rate feedback, Eigen steering
g. MAC throughputs are significantly higher, 100Mbps realistic in 20MHz. results are now better with new rate selection. See summary on slide 10 in document1452. 

h. ACF: benefit over HCF with frame aggregation, due to (1) PHY152Mbps at vs 112Mbps, and higher MAC efficiency. No immediate ack gives 18%, SCHED frame gives 7%, mean PHY rate 37%.

i. Benefit of rate feedback: get to rate fast, useful with short transactions, but simultion scenarios have long running flows. Open loop is entirely withou feedback: scenario 1 50% better, scenario 6 38% better.

j. Benefit of eigensteering: closed loop rate selection or closed loop without eigen steering: 30% and 40% throughput gains in scenario 1 and 4.

k. The AP does not have to memorize steering vectors. Channel is not fixed (doppler is included).

l. Q’s form Floor

i. Is complexity of storing steering vectors worth the complexity? A – yes

ii. You assume the channel is stationary, is that reasonable? A – sim results show affect of dopplers

iii. Constant TX power on all antennas in Eigen steering modes.  A – yes if all modes are filled

7. Eigen Value Decomposition (EVD or SVD) complexity? A – Eigenvalued decomposition EVD only required by one pair. Full SVD is not required, just ‘right’ vectors required. For a device with 2 antennas Hermition matrix for each subcarrier: 21 mul, 3 inv, 2 sqrt: 20us with low complexity FPGA at 80MHz.;  4x4 completes in 800us.
8. At 4:59 PM the chair asked that the panel Q&A session be set up

9. Questions:

a. Could off-line discussions per se be made public including slides for TGnSync

i. Mit-Mot A – no offline questions

ii. nSync – A – yes

iii. WWiSE – A – yes

iv. Qualcomm – A - yes

b. For Optional modes, how will interoperability be achieved?

i. nSync – for 40 MHz channelization are the benefits lost in a heavily loaded network? A – no, 40 MHz does not compromise capacity since rates are higher to compensate for fewer channels; on the other hand for a single cell (i.e. home) there is a 5 dB benefit . It ws also noted that if 40 MHz is optional interop problems could occur.
ii. Mit-Mot – A don’t have that issue
iii. Qualcomm – A agree that optional modes should not be proliferated however beam steering offers significant performance gains hence future proofing
c. 40 MHz showed 6 dB performance gain but when cell planning is considered you have to give back the 6 dB? 
i. WWiSE – 40 MHz buys 2x data rate or range; market will first release 2x2 systems in 20 MHz and then 40 MHz NxN up to 4x4 with advanced coding. Interop testing in WFA will define a small core set of modes that manufacturers can agree on.
ii. Qualcomm - will support 40 MHz
d. Could WWiSE clearly identified which results apply to the FRCCs? A – yes before tomorrows vote

e. For WWiSE, what is the reason for not facilitating retransmission of individual MPDUs in an aggregated frame? A – efficiency by tracking Acks on an MPDU basis. In high error rate conditions expect PPDU aggregation to occur.
f. For Qualcomm, what is the reason for facilitating retransmission of individual MPDUs in an aggregated frame? A – robustness

g. For nSync, what is the reason for facilitating retransmission of individual MPDUs in an aggregated frame A – robustness is better than for aggregation at PPDU level.
h. For MITMOT – it is important to retransmit even small MSDUs; segment MSDUs and retransmit segments.

i. For WWiSE – what is reason for error floor in a ch model B? A – error floor should not be there; inflection point occurs at a mode switch and when capacity of channel is exceeded (CC28,29)
j. For Qualcomm – error floor in ch. Model B caused by not selecting the right rate or backing off on rate.

k. For Qualcomm – since 40 MHz and Advanced coding work to be done; how can the membership choose in time for the Jan meeting? A – get info on server; use email reflector, complete proposers need to engage

l. For MitMot - channel ‘E’ and ‘F’ sometimes exceeds GI results in error floor. So no compromise in GI length in proposal and prefer doubling the number of carriers. Mitmot will embed changes as learned during sessions
m. For WWiSE – will cyclic shift of 400 us affect cross-correlation receiver in a legacy device? A – not encountered in testing; open to further discussions
n. For nSync – in a 40 MHz cell won’t a legacy device reduce you capacity by 50% A – yes; but the point is that just because you lose channels by going to 40 MHz (and co-channel interference increases) you do not loose capacity since you transmit at twice the rate.

o. To all - What are your roadmaps to completion? A – WwiSE is ready to go to draft right now – TTM is critical and we need to go through LB then SB and Wi-Fi Alliance will need to certify product); Mit-Mot - all  based on OFDM however some differences but none are insurmountable, we already have prototypes; nSync – we are not 100% complete, e.g., LDPC, MAC protocol is open; Qualcomm – are not 100% complete, e.g., did not include 40 MHz and advanced coding; also SS and Eigen Vector steering are ways to future proof our standard.
p. Partial Proposals – have panel members seen anything valuable in the group of partial proposals? nSync is already talking with partial proposers; WWiSE – basic framework is pretty solid but will be considered; mit-mot – already being discussed;  Qualcomm – ditto

10. Chair asked floor for permission to exceed the time limit so that the questions remaining in the queue can be heard; no objection was raised and questions continued:

a. For WWiSE – aggregate MSDU (A-MSDU) once formed it is not puntured by the MAC? A – conceptually yes, A-MSDU is passed as a single MSDU; MAC makes the rate adaptation not the PHY
b. For nSync – does an omnidirectional link RX need to be closer to the TX than in the case of a beam steering link? A – close loop beam forming reduces the signal to legacy devices but long omnidirectional NAV can protect; beam forming is not new and has been embraced by other standards.
c. To all: Should Close Loop and Beam forming be a separate TG? A – Qualcomm – not real difficult learning curve, unnecessary; WwiSE – interesting idea, as much work as .11k; nSync – no, it is integral to whole system design, e.g., preambles; mit-mot – should not be put off

11. Chair recessed the meeting at 6:18 PM until 1:30 tomorrow.

Thursday 11-18-04 at 1:30
1. Chair called the session to order at 1:31 PM

2. Chair reviewed the agenda for the next 2 Hours (11-04-1281r1); i.e., logistics for the Low Hurdle Vote (LHV)
3. At 4 PM

a. Voting results

b. Jan Planning Process

c. Presentations time permitting
4. Mit-Mot 5 min summary presented by Marc de Courville; doc 11-04-1446r1
a. Overall Goal and Positioning
i. Preserve compatibility with legacy IEEE802.11 system

ii. Evolution: expand current WLAN application domain, offer a consistent solution to
1. Provide required QoS to support consumer electronics (multimedia home environment and VoIP enterprise)

2. Grant range extension for limited outdoor operation (hotspot) as well as full home coverage

3. Support heterogeneous traffic: increase overall peak data rate without jeopardizing lower data rates modes

4. Manage diversity (laptop/PDA/VoIP Phone) and evolution (independent STA/AP antenna configuration upgrade) of devices through asymmetric antenna configurations

iii. Proven and simple solution: combine a highly efficient contention-free based MAC with robust yet low complexity open-loop MIMO PHY techniques
b. MAC Evolutionary Approach

i. Solutions:

ii. Centralised on demand resource allocation with grouped resource announcements,

1. embedded in .11e superframe

2. providing contention free access for all type of .11n traffics
iii. Aggregated PHY bursts made of short fixed size MAC-PDUs 

1. allows 1 or multiple destinations and/or PHY modes

iv. Enhanced ACK: low latency and low overhead selective retransmission

v. Benefits:
vi. Actual QoS: guaranteed throughput, stringent delay constraints support

1.  even in heavily loaded system

vii. High efficiency and scalable architecture 

1. scenario SS16 (point to point): 86% - extended SS6 (Hotspot): 67%

2. maintain constant overhead when data rate increases

viii. Efficient for heterogeneous traffics (bursty, VBR, CBR, high or low data rates)

1. without parameter tuning

ix. Easy implementation, low power consumption 

c. PHY 

i. Goal: define new OFDM MIMO modes with the constraints to

1. handle asymmetric TX/RX antenna configurations with 1, 2 or 3 parallel streams

2. focus on open-loop for stability, avoiding calibration circuit or feedback signalling

ii. Solution: exploit a hybrid combination of

1. Spatial Division Multiplexing (SDM) to increase spectrum efficiency and peak data rates

a. classical Space Time Block Coding (STBC) to improve link robustness or range for low to medium data rates (suited to small packet size e.g. VoIP)

iii. Additional key features:

1. mandatory: 20MHz bandwidth, minimum of 2Tx antennas (up to 4Tx)

2. new two stage space and frequency interleaver design

iv. Forward Error Correction scheme:

1. supports all .11a CC rates, adds low redundancy 5/6 (mandatory)

2. advanced optional scheme: binary turbo code derived from 3GPP

3. second 20MHz/128 carriers OFDM modulation (8% rate increase), with double duration guard interval (Hotspot: limited outdoor)

4. optional high rate 40MHz bandwidth/128 carriers modes (117% rate gain)

5. new nPLCP preambles: code overlay STS/orthogonal LTS
5. TGnSync PHY sumary by Aon Mujtaba and MAC summary by Adrian Stephens (11-04-1506r0)
a. Mandatory -> Hooks for Optional

i.  Open Loop SDM - > Closed Loop TX BF
ii. Convolutional Coding - > LDPC

iii. Rate Feedback

iv. Throughput:

1. 2 Spatial Streams - > 4 Spatial Streams

2. If regulatory constrained to 20 MHz channels 6-140 Mbps if two spatial streams

3. If not then 40 MHz channels buy 6 to 243 Mbps if two spatial streams

4. If 4 spatial streams => 6 to 630 Mbps

b. Simple Preamble
i. Simple baseline channel estimation algorithm 

1. No need for complex interpolation/smoothing algorithms

ii. 100% backward compatible 

iii. Low fluctuation of average receive power

1. low cost ADC & high precision AGC 

iv. Flexible per spatial stream training
1. SDM 

2. Spatial Spreading (Walsh + CDD) for Nss < Ntx 

3. TX Beam-forming 

4. STBC (if TGn chooses to add that as an option) 

v. Extensibility 

1. up to 4 spatial streams, across 40MHz, with TX beamforming

2. Future PHYs will be backwards compatible to 11a/g/n

c. MAC

i. Mandatory Features:

1. MAC level frame aggregation

2. RX assisted link adaptation

3. QoS support (802.11e)

4. MAC header compression

5. Block ACK compression

6. Legacy compatible protection

7. 20/40 MHz channel management

ii. Optional Features:

1. Bi-directional data flow

2. MIMO RX Power management
iii. Support for PHY closed-loop modes with on-the-air signalling

iv. Request for training and feedback are carried in control frames

v. Rate feedback supported

vi. Transmit beamforming training supported

1. sounding packet

2. calibration exchange

vii. Timing of response is not constrained permitting a wide range of implementation options
d. Summary of Key Features

i. Scalable PHY & MAC Architecture

ii. 20 and 40 MHz channels – fully interoperable

iii. Data rate scalable to 630 Mbps

iv. Legacy interoperability – all modes

v. Robust preamble

vi. Transmit beamforming

vii. Robust frame aggregation

viii. Bi-directional data flow

ix. Receiver assisted fast link adaptation

6. WWiSE 5 min summary  by Sean Coffey  (1505r0)

a. Common points across the complete proposals:

i. 2 transmitter space-division multiplexing

ii. 20 MHz

iii. Open loop

iv. Varying evolutions to the 802.11ag OFDM format

v. Data rates significantly in excess of 2x54 Mbps

vi. Aggregation of varying kinds

vii. Block acknowledgements

b. WWiSE Mandatory Proposal
i. Mandatory modes:

ii. 2 transmitters, 20 MHz, open-loop

iii. Evolution to OFDM format, raising data rate to 135 Mbps

iv. The specific modifications have been validated by simulation and laboratory experiments

v. We believe the specific methods of the WWiSE proposal provide very high robustness
c. WWiSE Optional

i. The WWiSE proposal provides full support for 40 MHz

ii. Every mode offered in 20 MHz is also offered in 40 MHz

iii. At this point 40 MHz channels have regulatory problems and are prohibited in major domains

iv. To provide a unified worldwide 11n experience, it makes the most sense to have 40 MHz be optional

v. The WWiSE proposal defines 40 MHz channel modes, but does not rely on them
d.  WWiSE Proposal and Closed Loop

i. We believe that the WWiSE system is compatible with closed loop operation

1. There is no fundamental barrier within the WWiSE proposal to the addition of closed loop modes

ii. We intend to provide further details on interoperability mechanisms and compatibility at the January meeting 

e. Summary

i. WWiSE proposes 2 transmitters in 20 MHz mandatory

1. Rates 54, 81, 108, 121.5, 135 Mbps

2. High performance, maximum robustness for given data rate

ii. Optional extensions to 3 and 4 transmit antennas

iii. Optional space-time block codes for longer range 

iv. Optional 40 MHz counterparts of all 20 MHz modes

v. Optional LDPC code

vi. MAC: HTP burst, aggregation, extended Block Ack

f. Patent Position
i. Essential patent claims owned or controlled by WWiSE companies will be available on zero royalty basis

ii. Important information on terms & conditions available at 

iii. http://www.wwise.org/IPinformation.htm

iv. http://www.wwise.org/IPstatement.htm

7. Qualcomm 5 min summary by John Ketchum 11-0401507r0

a. Summary

i. Qualcomm proposal builds on existing 802.11a,g,e design

ii. 802.11n can enable new markets & applications:

1. Multimedia distribution in the home

2. Enhanced enterprise applications (e.g. VoD, Video Conf.)

iii. These applications require:

1. High throughput ( SS/ES, ACF, rate feedback

2. High QoS ( SS/ES, ACF, rate feedback

3. Maximized range ( ES

4. Maximum spectral efficiency ( ES

iv. SS/ES + rate feedback + ACF meet the requirements associated with these new markets & applications: 

1. Highest network capacity: greater than 100 mbps above the MAC inside 30 m (20 MHz, 2x2, 5 GHz)

2. Reliable coverage

3. QoS: Less than 50 ms latency with “ZERO packet loss”

v. PHY techniques proven in FPGA-based prototype

b. Throughput Comparison

i. Results given with closed loop rate control

ii. SS-STBC can achieve 120Mbps at 30m (20dB)

iii. ES has > 6 dB advantage over other at 150 Mbps PHY throughput

iv. At 30 m (20 dB) ES has >50% PHY t’put advantage over others

c. Overall Goals
i. \Maximize Throughput, QoS, and Spectral Efficiency 

ii. Minimize complexity and assure backward compatibility 

iii. Provide balance between TTM needs and 11n design longevity economics

8. Chair noted special order of Low hurdle vote at 2:15 PM

a. Chair reviewed the voting process

i. Chair described the ballots as indicated in 1281r1
ii. Table will offer validation service in case of ambiguity

iii. Tally results – goal will be to announce the result at the 4 PM session
iv. Roll Call voting – LMSC Procedure Options was reviewed by the Chair

1. Discretion of the chair

2. 25% threshold

3. Chair says no

v. Chair elected option 2 above

vi. Distinction of a roll call vote was simply how the results will be reported

vii. Bill Carney moved to proceed with Step 12 was seconded by Jim Zyren without objection
viii. There was a motion for a roll call vote by Rolf de Vegt; it does not require a second

ix.  In favour of a roll call vote – 69
x. Opposed to the roil call vote – 145

xi. Approved at 32% since threshold is set at 25% by LMSC
9. Low Hurdle Vote was held at ~ 2:55 PM
10. Low Hurdle vote finished 3:45PM

11. Chair recessed the session at 3:45 PM

12. Chair called session to order at 4:04 PM

13. Tally team, including the secretary, has left the room to count the ballots. Will be brought back to room if tally completed before 6pm. Results will be reported during closing plenary in any case. Aryon Saed assumed secretary duties.
14. Chair presented selection procedure document 665r9 and noted TGn have completed step 12 the low hurdle vote. Step 13 is an informative step, indicating that mergers may take place. The dialogue taken place this week will have impact on the proposals. There will be some changes when proposals return in January.

15. Chair directed discussion to planning for the January meeting.

16. Chair: Selection criteria states 60 min of presentation followed by Q&A for surviving proposals.
17. Floor: what procedure would be needed to extend the 60min time slot.

18. Chair: are we filling-in blanks or redefining the process? Certainly better to view 60min as a minimum.

19. Chair: Step 15 assumes there is more than one proposal, so next step is 16 which is an elimination vote. If we return in January with 4 proposals we will use a process similar to the ballot process of today, indicating one you would wish to see continue.

20. Chair: For revised technical presentations we have to set presentation time, 1hr minimum. How many hours TGn will have is unknown.  There are generally more hours available at interim than at plenary. Had 18hrs here, expect 24hrs available in January. Time will be arranged with dot11 chair depending on our needs.

21. Chair: Still need presentations and deadlines for posting documents. We need a clear description of what should be posted and when. Split between presentation and Q&A needs to be determined. Questions submitted in writing had well prepared answers, so submission of written questions is beneficial and should take priority over questions from the floor, but not restricting to only written reports.

22. Chair: 11-04-1400 was a comparison presentation and provided value; John Egan and team plan to return in January. Perhaps someone else would prepare another comparison report.

23. Chair: at Step 16 we anticipate a down selection vote which based on today’s result will take 2 hours.

24. Chair: Technical presentations are also possible in an effort to enhance the few surviving proposals.

25. Chair: Question to the audience: any other items to be placed on agenda in January?

26. John Egan: has had discussions with service providers who would like 15min to 30min for input, more market information less technical. Market application reports. And will come back with revision on comparison presentation, 1hr.

27. Floor: would it be beneficial to start with technical presentations and split Q&A in two buckets to give people time to think about presentations and answers. Then people will have opportunity to discuss information from first Q&A and then reconvene for second round of Q&A.

28. Floor: recommend 1 hour for PHY, 1 hour for MAC for each of 4 proposals.

29. Qualcomm team supported that recommendation

30. Chair: This time is separate from Q&A time.

31. Floor: we have panel time at second round which is another step between Q&A and downselect, according to procedural steps around step 16. Recommend a summary step, 5min to 10min.

32. Chair: there is nothing in procedure. Referring to 665r9 flow diagram, free forum, can be discussed here, between Q&A and down select.

33. Floor: suggest the time is 2hrs and let presenters split the time between PHY and MAC.

34. Chair: that is fine. Assumption is 1hr for each part, but not dictated.

35. Floor: recommend randomization of order of speaker sequence. 

36. Chair: ok

37. Floor: it’s feasible to hold a second vote. Would like to hear debate on number of down selects in January. Are two rounds possible?

38. Chair: it is conceivable, but challenge to complete in time available, could require 8 to 10hrs of time.
39. Floor: requests straw poll to find out whether people would like a second round if timing allows for it

40. Straw Poll: “If time allows, should TGn prepare for 1 downselect or 2 downselect
41. Discussion:
1. Floor: one downselection preferred, because merger may take place

2. Floor: wait until tally returns today.

3. Chair: reasonable that we could execute two rounds.

42. 16:36 poll starts, voting members only

43. Result: 1 downselect : 83; 2 downselects: 38

44. Chair: Majority is for one down select. Agenda would likely be overturned if there were two downselects, so we will proceed preparing for one down select.

45. Floor: 5min summary is sufficient. Considering that blocks are 2hrs, and some agenda items have more overhead than others. For example the request to randomize per event will require pulling a number before the event.

46. Floor: please review intentions for election of officers.

47. Chair: directive by Stuart is to adequately justify the creation of more positions. Position for TE would be needed when there is a single candidate remaining. In case of vice-chair, the group would have to defend that the work load would be justified. 

48. Floor: in principle downselect to one is possible, does that trigger election of TE?

49. Chair: Yes. Now added conditional election to agenda.

50. Floor: in the event that chair is to become ill, what are the plans?

51. Chair: in case of problems with facilities or distractions from other duties in ExCom it would be proper to have a vice chair. But Stewart requires justification. Now delegating that request for a VC to group. 

52. Floor: important part will be technical comparisons, and suggest 4hrs before down select vote, involving at least the authors. Different from Q&A. Also need to add planning for March as an agenda item.
53. Chair: need clarification for format of time and presentation.

54. Floor: documents by authors must be on server well in advance to allow for technical comparisons. Recommend 2 weeks before the meeting.

55. Chair: ok

56. Floor: suggest specific time for down selection, special order. 

57. Chair cannot specify now. Depends what the agenda looks like but can make vote a special order.

58. Floor: moves that we have the election of the VC at the next session.

59. “Move by Adrian Stephens to elect the VC for TGn at the January meeting” was seconded by Steve Shellhammer
60. Discussion:
a. Floor: against, need has not been established

b. Floor: in favour, this is the largest group in 802 history
c. Floor: how often did you, chair, not leave meeting when you needed to?

d. Chair: zero

e. Floor: that’s reason alone to have a VC

f. Chair: No more people against the motion? Seeing none, proceed with vote.

61. Vote starter at 16:55, voting members only.
62. Result: In favour: 76; Against: 41; Abstain (since this is a formal motion): 5

63. Motion is procedural and therefore passes.

64. Chair declares nominations are open for January meeting. Nominations are open up until the point that the elections are held.

65. Nomination process: interested people have to make their name known during times that we assemble, stated to chair TGn or chair dot11.
66. Returning to discussion of the January agenda:
67. Floor: recommend technical presentation before 2nd Q&A.

68. Chair: accepted

69. Floor: found that Q&A was not satisfactory, answers were not detailed, some parts were not answered and inconsistencies were not answered. Some of those things are quite important. Process seems canned for speeches rather than interaction. Prefers real technical presentation and not just a debate as an end. More detailed discussion, but don’t know how to get there.

70. Chair: is the dialogue between authors or between audience and authors?
71. Floor: Both. The questions are not simple, they need research. Sees no time, would prefer not to see skipping. Prefers less time spent in professing the merits of ones own presentation.

72. Floor: recommend written questions (deadline two weeks before meeting) with responses a week later (Friday before meeting). Questioner can say the response is unsatisfactory.

73. Chair: for written questions, require written answers from authors? 

74. Floor: on general technical presentations, some presented theirs, others presented comparison. Allocate specific time to compare head to head, and give explanations, item by item. 

75. Chair: that would be presentation plus Q&A

76. Floor: the agenda is getting complicated moving us away from a vote. Most of the material will be a repeat from material presented in September. Adding restrictions to what is discussed in time slots, proposal or comparison, does not add value. Proposers should be free to discuss whatever topic they choose.

77. Floor: if we do get a discussion going, proposals might be modified. People should be allowed to bring responses and new material. It is an important objective that all of the presenter information from items in the agenda will be provided and even more should be allowed.

78. Floor: not in favour of down selection every time there is a discussion. Prefer to put things together that everyone can live with. Better than picking from what we have.

79. Chair: what could we do to encourage that in an orderly fashion.

80. Floor: we don’t want to see the same presentations again. People need to see comparisons, there is little new information.

81. Chair: TGn is not using the email reflectors as much as other groups. There is nothing to prevent members from asking for clarification about discrepancies by email, and thus alleviate the time constraints in January. This is another mechanism not used at all so far.

82. Floor: encourage the group to get into technical discussion, and when the group determines there is nothing more to be learned then there should be a downselect vote; it is a naturally explorational process, rather than following a vote by schedule process regardless of where we are in process.

83. Floor: if there are mergers, then presentations will contain new content. So keep revised technical presentations.

84. Chair: purpose of establishing agenda by group is to ensure the group has provided input. Chair retains the right to tweak the agenda. Process needs input from authors and audience

85. Floor: suggest to consider the winner from today’s tally to be a baseline and the other proposals to be discussed in terms of deltas

86. Chair: this is a modification of the selection process. Requires 75% change. Requires a motion to amend the selection process. 
87. Summary by Chair of January agenda items:
a. Dates to clarify: 2 weeks prior for document submission. Written questions to be supplied, but no date discussed, assume 1 week. Answers to be submitted by Friday before the meeting.

b. Second down select removed from agenda.

c. Chair: where is the election of the VC best inserted.

d. Floor: suggest at end. Point out to group that number of hours is not at discretion of TGn chair but is negotiated with dot11 chair.

e. Floor: suggestion to combine setting of agenda and other administrative overhead in one hour and add election of VC, considering 2 hour blocks and leaving only one hour for technical presentations that are 2 hours long.

f. Floor: How much time for first round of Q&A

g. Chair: answers to written questions posted Friday. Should answers have time allocated as a Q&A, or distribute in writing only? Refusing time to ask questions is not productive for audience. Suggest Q&A within 2 hour block of presentation by authors. 

h. Floor: make sure we know what to expect as listeners and presenters depending on ordering of items on agenda.

i. Chair: more appropriate to have authors respond to written questions, and add agenda item for questions from the audience.

j. Floor: allow breaks in the middle of the TGn schedule, spread over multiple days, rather than all hours concentrated in a few days.

88. At 17:50 Chair recessed for 2min to check on status of today’s tally results.
89. Results are still being tabulated
90. Motion to adjourn November meeting by Adrian Stephens was seconded by John Rosdahl.

91. Chair noted that the results from vote will be reported at the plenary. We will attempt to email results to everyone.

92. No objections to adjourn.
The detailed results of the LHV are contained in the following spread sheet:

	Last Name
	First Name
	Middle

Initial
	Ballot

Taken
	Ballot

Returned
	MITMOT
	TGnSync
	WWiSE
	Qualcomm
	Total per Ballot
	Comments

	
	
	
	
	
	Consider
	Not
	Consider
	Not
	Consider
	Not
	Consider
	Not
	
	

	Aboba
	Bernard
	D
	
	
	
	
	_
	
	
	
	
	
	0
	

	Aboul-Magd
	Osama
	S
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Abraham
	Santosh
	P
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Adachi
	Tomoko
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Agre
	Jonathan
	R
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Aldana
	Carlos
	H
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Alexander
	Thomas
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Alimian
	Areg
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Allen
	Richard
	C
	1
	1
	
	1
	_
	1
	1
	
	
	1
	4
	

	Amann
	Keith
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Amer
	Khaled
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Andelman
	Dov
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Andrade
	Merwyn
	B
	
	
	
	
	_
	
	
	
	
	
	0
	

	Andren
	Carl
	F.
	
	
	
	
	_
	
	
	
	
	
	0
	

	Andrus
	David
	C
	
	
	
	
	_
	
	
	
	
	
	0
	

	Aoki
	Hidenori
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Aoki
	Tsuguhide
	
	1
	1
	1
	
	1
	
	
	1
	
	1
	4
	

	Aramaki
	Takashi
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Ariyavisitakul
	Sirikiat Lek
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Armstrong
	Lee
	R
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Arnett
	Larry
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Asai
	Yusuke
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Astrin
	Arthur
	W.
	1
	1
	
	1
	_
	1
	1
	
	
	1
	4
	

	Aubin
	Raymond
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Audeh
	Malik
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Awater
	Geert
	A
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bagby
	David
	
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Bahr
	Michael
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bain
	Jay
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Baker
	Dennis
	J
	
	
	
	
	_
	
	
	
	
	
	0
	

	Balachander
	Ramanathan
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Barber
	Simon
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Barel
	Avi
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Barr
	John
	R.
	
	
	
	
	_
	
	
	
	
	
	0
	

	Barry
	Kevin
	M.
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bartel
	Charles
	R.
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Baysal
	Burak
	H
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Benko
	John
	L
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Benveniste
	Mathilde
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Berry
	Don
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bersani
	Florent
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bhandaru
	Nehru
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bilstad
	Arnold
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bjerke
	Bjorn
	A
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Black
	Simon
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Blue
	Scott 
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Boer
	Jan
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bonneville
	Herve
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Bowles
	Mark
	V
	
	
	
	
	_
	
	
	
	
	
	0
	

	Brasier
	William
	M
	
	
	
	
	_
	
	
	
	
	
	0
	

	Bray
	Jennifer
	A
	
	
	
	
	_
	
	
	
	
	
	0
	

	Brunel
	Lo?c
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Buttar
	Alistair
	G
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Calhoun
	Pat
	R
	
	
	
	
	_
	
	
	
	
	
	0
	

	Cam-Winget
	Nancy
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Carney
	Bill
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Carson
	Pat
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Cash
	Broady
	B
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Chang
	Kisoo
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Chang
	Ron
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Chaplin
	Clint
	F
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Chari
	Amalavoyal
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Chen
	Ye
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Chen
	Yi-Ming
	
	1
	1
	1
	
	_
	1
	1
	
	
	1
	4
	

	Cheng
	Hong
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Chesson
	Greg
	L
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Chhabra
	Jasmeet
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Chindapol
	Aik
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Choi
	Eunyoung
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Choi
	Sunghyun
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Choi
	Won-Joon
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Choi
	Yang-Seok
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Chung
	Simon
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Ciotti
	Frank
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Cnudde
	Peter
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Coffey
	John T.
	
	1
	1
	1
	
	1
	
	1
	
	
	1
	4
	

	Cole
	Terry
	L
	
	
	
	
	_
	
	
	
	
	
	0
	

	Conkling
	Craig
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Conner
	W. Steven
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Connors
	Dennis
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Cook
	Charles
	I
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Cook
	Kenneth
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Cramer
	Mary
	E
	
	
	
	
	_
	
	
	
	
	
	0
	

	Crowley
	Steven
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	De Vegt
	Rolf
	J
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Del Prado Pavon
	Javier
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Dick
	Kevin
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Diepstraten
	Wim
	J.M.
	
	
	
	
	_
	
	
	
	
	
	0
	

	Doi
	Yoshiharu
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Douglas
	Brett
	L.
	
	
	
	
	
	
	
	
	
	
	0
	

	Dundar
	Baris
	B
	
	
	
	
	
	
	
	
	
	
	0
	

	Durand
	Chris
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Durand
	Roger
	P
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Dure
	Sebastien
	
	1
	1
	1
	
	
	1
	1
	
	1
	
	4
	

	Dycian
	Yaron
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Eastlake
	Donald
	E.
	
	
	
	
	
	
	
	
	
	
	0
	

	Eaton
	Dennis
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Ecclesine
	Peter
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Edney
	Jonathan
	P
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Edwards
	Bruce
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Ellis
	Jason
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Emeott
	Stephen
	P
	1
	1
	1
	
	
	1
	1
	
	1
	
	4
	

	Engwer
	Darwin
	
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Eriksson
	Patrik
	
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Estrada
	Andrew
	X
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Euscher
	Christoph
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Faccin
	Stefano
	M
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Fakatselis
	John
	C.
	1
	1
	
	1
	
	1
	1
	
	
	1
	4
	

	Falk
	Lars
	P
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Faulkner
	Michael
	
	
	
	
	
	
	
	
	
	
	
	0
	

	Feinberg
	Paul
	H.
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Feldman
	Alex
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Filauro
	Valerio
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Fischer
	Matthew
	J
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Fisher
	Wayne
	K
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Flygare
	Helena
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Formoso
	Ruben
	R
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Gardner
	James
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Garrett
	Albert
	L
	
	
	
	
	_
	
	
	
	
	
	0
	

	Gerson
	Eran
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Ghazi
	Vafa
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Ghosh
	Monisha
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Gilb
	James
	P K
	
	
	
	
	_
	
	
	
	
	
	0
	

	Gilbert
	Jeffrey
	M
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Godfrey
	Tim
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Goel
	Sandesh
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Gohda
	Wataru
	
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Goubert
	Gerard
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Gray
	Gordon
	P
	
	
	
	
	_
	
	
	
	
	
	0
	

	Green
	Larry
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Gu
	Daqing
	
	1
	1
	1
	
	1
	
	
	1
	1
	
	4
	

	Gummadi
	Srikanth
	
	1
	1
	1
	
	_
	1
	1
	
	
	1
	4
	

	Gupta
	Vivek
	G
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Habetha
	Joerg
	K
	
	
	
	
	_
	
	
	
	
	
	0
	

	Haisch
	Fred
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Halasz
	David
	E
	
	
	
	
	_
	
	
	
	
	
	0
	

	Halford
	Steve
	D
	
	
	
	
	_
	
	
	
	
	
	0
	

	Hall, P.E.
	Robert J
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Hamady
	Neil
	N
	
	
	
	
	_
	
	
	
	
	
	0
	

	Hanaoka
	Seishi
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Hansen
	Christopher
	J
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Harada
	Yasuo
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Harford
	James
	J
	
	
	
	
	_
	
	
	
	
	
	0
	

	Harkins
	Daniel
	N
	
	
	
	
	_
	
	
	
	
	
	0
	

	Harriman
	Adam
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Haslestad
	Thomas
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Hassan
	Amer
	A
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Hasty
	Vann
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Hauser
	James
	P.
	
	
	
	
	_
	
	
	
	
	
	0
	

	Hayakawa
	Yutaka
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Hayes
	Kevin
	N.
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
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	0
	

	Stevenson
	Carl
	R.
	
	
	
	
	_
	
	
	
	
	
	0
	

	Stolpman
	Victor
	J
	1
	1
	
	1
	_
	1
	
	1
	
	1
	4
	

	Surineni
	Shravan
	K
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	TAGIRI
	HIROKAZU
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Takagi
	Masahiro
	
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Takahashi
	Seiichiro
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Takai
	Mineo
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Takaoka
	Katsumi
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Takeda
	Daisuke
	
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Tal
	Nir
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Tamaki
	Tsuyoshi
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Tan
	Pek-Yew
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Tan
	Teik-Kheong
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Tanaka
	Hideki
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Tang
	Kevin
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Temme
	Carl
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	ten Brink
	Stephan
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Thornton
	Timothy
	J
	
	
	
	
	_
	
	
	
	
	
	0
	

	Thrasher
	Jerry
	
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Tokubo
	Eric
	T
	
	
	
	
	_
	
	
	
	
	
	0
	

	Tomcik
	James
	D.
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Trachewsky
	Jason
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Tsao
	Jean
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Tsoulogiannis
	Tom
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Tung
	David
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Turner
	Sandra
	L
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Tzamaloukas
	Mike
	E
	1
	1
	
	1
	_
	1
	1
	
	
	1
	4
	

	Tzannes
	Marcos
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Uchida
	Yusuke
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Valle
	Stefano
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Van Erven
	Niels
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	van Leeuwen
	Richard
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Van Nee
	Richard
	D.J.
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Van Poucke
	Bart
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	van Waes
	Nico
	J
	1
	1
	
	1
	_
	1
	
	1
	
	1
	4
	

	van Zelst
	Allert
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Vandenameele
	Patrick
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Varas
	Fabian
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Varsanofiev
	Dmitri
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Venugopal
	Madan
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Visscher
	Bert
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Vlantis
	George
	A
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Vogtli
	Nanci
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Wakeley
	Tim
	
	1
	1
	
	1
	_
	1
	1
	
	1
	
	4
	

	Walker
	Jesse
	R
	1
	1
	1
	
	1
	
	
	1
	1
	
	4
	

	Walrant
	Thierry
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wandile
	Vivek
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wang
	Huaiyuan
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Wang
	Stanley
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Ward
	Robert
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Ware
	Christopher
	G
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Watanabe
	Fujio
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Webster
	Mark
	A
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wells
	Bryan
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wendt
	Jim
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wentink
	Menzo
	M
	
	
	
	
	_
	
	
	
	
	
	0
	

	Weytjens
	Filip
	
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Whitesell
	Stephen
	R
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wilhoyte
	Michael
	E
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Williams
	Michael Glenn
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Williams
	Richard
	
	1
	1
	1
	
	_
	1
	1
	
	
	1
	4
	

	Wilson
	James
	M
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Winters
	Jack
	H
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Wojtiuk
	Jeffrey
	J
	1
	1
	
	1
	1
	
	1
	
	
	1
	4
	

	Wong
	Jin Kue
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Wong
	Timothy
	G
	
	
	
	
	_
	
	
	
	
	
	0
	

	Woodyatt
	James
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Worstell
	Harry
	R
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wright
	Charles
	R
	
	
	
	
	_
	
	
	
	
	
	0
	

	Wu
	Gang
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Yagi
	Akiyoshi
	
	1
	1
	1
	
	1
	
	1
	
	
	1
	4
	

	Yamada
	Katsuhiko
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Yamamoto
	Takeshi
	
	1
	1
	
	1
	1
	
	1
	
	1
	
	4
	

	Yamaura
	Tomoya
	
	1
	1
	
	1
	1
	
	
	1
	1
	
	4
	

	Yang
	Lily
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Yaqub
	Raziq
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Yasuhiro
	Tanaka
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Yee
	James
	
	1
	1
	
	1
	1
	
	
	1
	
	1
	4
	

	Yee
	Jung
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Yin
	Jijun
	
	
	
	
	
	_
	
	
	
	
	
	0
	

	Young
	Chris
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	Yu
	Heejung
	
	1
	1
	
	1
	_
	1
	1
	
	
	1
	4
	

	Yung
	Hon
	M
	
	
	
	
	_
	
	
	
	
	
	0
	

	Yurtkuran
	Erol
	K
	
	
	
	
	_
	
	
	
	
	
	0
	

	Zaks
	Artur
	
	1
	1
	
	1
	_
	1
	1
	
	
	1
	4
	

	Zhang
	Jinyun
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Zuniga
	Juan-Carlos
	
	1
	1
	1
	
	1
	
	1
	
	1
	
	4
	

	Zyren
	James
	
	1
	1
	1
	
	_
	1
	1
	
	1
	
	4
	

	
	
	
	
	
	
	
	_
	
	
	
	
	
	
	

	TOTALS
	
	
	267
	266
	126
	140
	196
	70
	172
	94
	151
	115
	
	

	
	
	
	
	
	
	
	_
	
	
	
	
	
	
	

	PERCENTAGES
	
	
	
	
	47%
	
	74%
	
	65%
	
	57%
	
	
	

	
	
	
	
	
	
	
	_
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	_
	
	
	
	
	
	
	


	Valid Ballots

1.1.1.1 Returned
	MITMOT
	TGnSync
	WWiSE
	Qualcomm

	1.1.1.2 
	Consider
	Not
	Total
	Consider
	Not
	Total
	Consider
	Not
	Total
	Consider
	Not
	Total

	
	
	
	
	
	
	
	
	
	
	
	
	

	266
	126
	140
	266
	196
	70
	266
	172
	94
	266
	151
	115
	266

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	47.37%
	
	
	73.68%
	
	
	64.66%
	
	
	56.77%
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Note: one spoiled Ballot
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Ballots Issued = 267
	
	
	
	
	
	
	
	
	
	
	


(1) To TGn Sync:


Topic : Remove HID in MHDR MPDU and CHDATA MPDU.


Reason: For implementation feasibility, one MHDR MPDU should be often followed by same a1/a2/a3’s CHDATA MPDU.


Benefit: save one byte HID may possibly save 4 bytes of padding in each MPDU.


Drawback: continuous MHDR MPDU with different HID are forbidden.





(2) To WWiSE:


Topic1 :Enlarge A-MSDU size to 256KB.


Reason:  save more PLCP headers in A-PSDU


Benefit : save more PLCP headers mean more air time is saved.


Drawback: different address set (a1/a2/a3) should be separated by another A-PSDU.


Topic2: Sub frame header should have CRC and develop one mechanism can find next correct sub frame header when current one is broken if topic 1 is applied.


Reason: make sure this header is right. One sub frame header is fail, all the A-MSDU is fail.


Benefit: One sub-frame header is fail, but the rest of sub-frame can still help.


Drawback: Implementation overload.
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