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Executive Summary (also see Chairs’ closing report doc. 11-05-0082r0):
1. Qualcomm declared support for nSync Alliance and withdrawal of their complete proposal citing both proposals had similar features (support BF).
2. Mitsubishi withdrew their support from the MitMot Alliance and declared their support for the nSync Alliance.
3. Motorola declared that they would be the sole sponsor of the MitMot proposal and declared the name now stood for Mac and mImo Techniques for MOre Throughput.
4. Updates to the three remaining proposals – nSync, WWiSE and MITMOT – were made; comparison presentations were made by proposers and non-proposers; significant written and oral Q&A time was provided.
5. A down selection vote was conducted with the following result:

a. nSync – 132 (55.32%)
b. WWiSE – 84 (35.15%)
c. MITMOT – 23 (9.62%)
The MITMOT proposal was thereby eliminated from further consideration at this time. Note that it could be reconsidered if a 75% confirmation vote is not achieved.

6. Sheung Li from Atheros was elected as Vice-Chair.
7. Nominations were opened for the technical editor. Election will take place at the March Plenary meeting.
8. Informal meeting was held with .19 (coexistence); .11n will have to attach a Coexistence Assurance document with the initial LB draft supplement; the rules surrounding the .19 CA process were reviewed.

9. Next meeting – March 14-18 in Atlanta; goals are to have a down selection vote and, if possible a confirmation vote and elect a technical editor.
Note: relative to presentations, these minutes are intended to offer a brief summary (including document number) of each of the presentations to facilitate review and recall without having to read each of the presentations. Most of the ‘presentation related’ 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 and is subjective. Again this meeting Aryan Saed helped the secretary capture the essence of the Q&A. Please contact the secretary regarding errors and omissions.

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 cumulative minutes follow:

Monday, January 17, 2005; 4:00 PM – 9:30 PM [~ 212 attendees];

1 Meeting was called to order by Task Group chairperson elect Bruce Kraemer at 4:00 PM

2 Chairs’ Meeting Doc 11-04-1531r0
3 Chair read IEEE Patent Policy and recent interpretation by PAT COM
4 Chair reviewed topics not to be discussed during the meeting – licensing, pricing, litigation, market share
5 New participants in .11n  ~= 20

6 Status update since SA Nov meeting

7 Motion by Jon Rosdahl to approve Nov minutes was seconded by Adrian Stephens passed without comment
8 Announcements

8.1 John Ketchum officially declared Qualcomm has joined the nSync Alliance

8.2 Jinyun Zhang officially declared Mitsubishi has joined the nSync Alliance

8.3 Marc de Courville officially declared Motorola would continue with the MitMot proposal which has been renamed Mac and mImo Techniques for MOre Throughput
9 Floor requested that freed up time be allocated to comparison presentations; chair agreed

10 Floor asked for clarification on why non-member names (e.g., MitMot) are being used to label presentations etc? Chair responded that those were the names of accepted alliances and special rules were not being used
11 Chair then proceeded to negotiate the Weeks’ Agenda for .11n and addressed the following topics:

11.1 Chair reviewed agenda logic agreed to at the San Antonio meeting

11.2 Chair presented an overview of the written questions 

11.3 Chair reviewed options

11.3.1 Use Qualcomm freed up time for comparison presentations? Decision – comparison presentations

11.3.2 Should Wed Q&A be scheduled under special orders? Decision – no

11.3.3 Thursday Panel? Decision by Straw Poll – retain panel (41), sacrifice panel (63)

11.3.4 Should Thursday Down Selection vote be scheduled under special orders? Decision – yes at 1:30 PM

11.3.5 Chair asked if there was anyone who wanted the down selection vote to be a roll call vote (i.e., the votes are made public); someone from the floor said they would ask for a roll call vote.

11.3.6 A Straw Poll was held to determine if there was at least 25% support for a roll call vote with the result that 42 said yes (43%) and 55 said no (57%); The chair indicated the down selection vote would be a roll call vote

11.3.7 Comparison Presentations were grouped into those presented by non-proposer authors (4)

11.3.7.1 Field Measurements of 2x2 MIMO Communications, Babak Daneshrad, UCLA, 05-1627
11.3.7.2 TGn Consensus Proposal, HP & Infineon, 05-1625
11.3.7.3 Service Provider Requirements, Bellsouth & Qwest, 05-1644
11.3.7.4 Beamforming and MAC, Aryan Saed
11.3.7.4.1 Aryan Saed volunteered give his paper on Thursday after the down selection vote
11.3.8  Comparison Presentations were grouped into those presented proposer authors (10) which are: 

11.3.8.1 Comparison of Value of proposed MAC features, Adrian Stephens, 05-1634

11.3.8.2 Closed vs Open Loop Comparisons, John Ketchum, 05-1630

11.3.8.3 1579 - ACI

11.3.8.4 1581 – Preamble Power Variations

11.3.8.5 1616 – WWiSE Pilot Performance

11.3.8.6 1645 – Preambles, Beam Forming for WWiSE

11.3.8.7 1590 – Legacy Effects of WWiSE Preambles

11.3.8.8 1636 – Pilot Tones

11.3.8.9 1635 – Preambles and MIMO Beam Forming – Sadowsky
11.3.8.10 05-006 – Backward Compatibility of CDD Preambles
11.3.8.11 Total available time = 4.5 hours so allowed length of time per presentation will be adjusted to the time available

11.4 In preparation for the Vice Chair election scheduled for 1:30 today the chair noted that the only announced candidate was Sheung Li and that the nominations were still open. 

11.5 Following Agenda was approved:

12 Presentation: (11-04-1627); by Babak Daneshrad from UCLA; Field Measurements of 2x2 MIMO Communications; outline

12.1 Testbed Overview

12.2 Loss Due to IQ mismatch & phase noise (eye opener for research team) 

12.3 Measurement Results (on 8x8 in 25 MHz of BW)

12.4 MIMO Decoder ASIC (6 mm per side)

12.5 Note: ‘common’ phase error (CPE) decreases with increasing FFT sizes and increasing MIMO configuration

12.6 Questions - none

13 Presentation: (11-04-1630r0)  by Sanjiv Nanda from Qualcomm; Closed vs Open Loop Comparison
13.1 Quality and Benefits of Closed Loop

13.2 Throughput and Latency Comparison

13.3 Rate vs Range Curves

13.4 Conclusions

13.4.1 We have demonstrated throughput and latency benefits of closed loop feedback.

13.4.1.1 MIMO Mode feedback: Eigen-mode steering versus spatial spreading

13.4.1.2 Stream feedback: number of spatial streams

13.4.1.3 Rate feedback: rates per spatial stream

13.4.2 Significant benefits with very little overhead.

13.4.2.1 16 bits(?) at Data Rate
13.5 Questions from the floor

13.5.1 Did you do experiments to determine the sensitivity of results? A – yes but more work needs to be done
14 Chair recessed the session at 6:03 until 7:30 PM

15 Chair reconvened the meeting at 7:31 PM

16 Chair issued a final call for Vice Chair nominations and Harry Worstell nominated Art Astrin, a professor at San Jose State

17 Chair conducted the election:

17.1 Each candidate gave a brief speech (2 min) outlining their qualifications and reasons for running for election

17.2 It was verified that both candidates met the requirement of being a voting member of .11n

17.3 The candidates left the room for the vote

17.4 The open vote was held and the results were:

17.4.1 Sheung Li (Atheros) = 72

17.4.2 Art Astrin = 32

17.5 Chair introduced Sheung as the new Vice Chair of .11n

18 Comparison Presentation: 11-05-1625r2; 802.11n Consensus Proposal by Tim Wakeley

18.1 Proposed a .11n sub-committee to recommend a process to merge key differences

18.2 Possibly work on mandatory features first and then optional features 
18.2.1 Examples include – aggregation, 20/40 MHz, preambles, coding scheme, 

18.3 .11n scope is very broad and therefore a process is needed

18.4 Would a ‘line item veto’ be a bad process?
18.5 Chair noted some of these topics should be considered in setting the March agenda

18.6 Open to the floor for comments:

18.6.1 Logical suggestions
18.6.2 Good that members who are NOT affiliated with one or the other group get a voice in the decision

18.6.3 Two proposals are in fact already close together

18.6.4 Can’t get around the .11 process; let it work

18.6.5 75% is difficult to achieve

19 Chair took a moment to draw cards for the order of the 2 hour complete presentation updates starting Tuesday at 10:30 AM. The order turned out to be MitMot, WWiSE and TGnSync.

20 Comparison Presentation: 11-05-1644-00-00n, Service Provider Requirements for 802.11n; Brian Ford, Bell South

20.1 Gateways now include modem, router and AP

20.1.1 GPON = Gigabit Passive Optical Network

20.2 Use .11n to reduce need for truck roll and pulling wires in homes

20.3 Support VoIP; handsets will be dual – GSM and Wi-Fi!!!

20.4 Need customer satisfaction, QoS especially for voice, error free streaming data, PnP, security, 25 Mbps @ 150 Meter drop (as close as fiber must get to the home to be classified as fiber to the home) , Mobility - Doppler Effect, mesh, hand-off, 

20.5 Impairments – 3 dB=sheet rock, 6 dB=floor, 9 dB=exterior wall

20.6 Customers prefer a single access point

20.7 Must have QoS – baseline = as good as existing services

20.8 Encryption – need to encrypt content to satisfy Hollywood

20.9 Create device types categorized by packet size capability

20.10 For video conferencing don’t have the luxury of buffering

20.11 VoIP is probably the hardest

21 Comparison Presentation: 11-04-1579r1, Adjacent Channel Interference and Filtering for 56 Carrier Signals; Dave Hedberg, Conexant

21.1  The sharper filter required for 56 carriers results in a 27 tap filter (vs 19 for 52 carriers)

21.2 Conclusion:

21.2.1 ACI performance and filter complexity are not significantly different

21.2.2 The added dispersion due to the required narrower filter transition band for 56-carriers does not significantly impact PER performance with TGn channels
21.3 Questions - none

22 Chair rationalized with members the order of the remaining comparison presentations

22.1 Chris Hansen and John Sadowsky volunteered to make their presentations on Wednesday starting at 1:30

22.2 Cards were drawn to establish the order of the 6 remaining comparison proposals starting Tuesday morning at 8:00 AM

23 No further business so chair recessed the meeting at 9:25 PM until 8:00 AM tomorrow morning

Tuesday 1-18-05; 8:00 AM – 6:00 PM

1 Chair called the meeting to order at 8:01 AM

2 Comparison Presentations by Proposers; 11-05-1634r0, Technical Comparison of the value of proposed MAC features; Adrian Stephens, Intel

2.1 Expectations of a good MAC defined

2.1.1 Balanced perf  of phy and MAC
2.1.2 Balanced Complexity

2.1.3 Scaleable and extensible
2.1.4 Meet the needs of  Usage models

2.1.5 Exceed proprietary solutions

2.1.6 Interoperable with legacy products

2.2 Benefits of TGnsync

2.2.1 Aggregation

2.2.2 Reverse Direction data

2.2.3 MRMRA – multiple responder multiple receiver aggregation

2.2.4 RX assisted link adaptation

2.3 Comparison with WWiSE

2.3.1 No reverse Direction Data

2.3.2 No MRMRA

2.3.3 With saturated load nSync throughput exceeds WWiSE throughput

2.4 Questions

2.4.1 How does recovery happen if channel fails? A – 3-way handshake

2.4.2 TGe MAC already complex enough? A – TGe never had a timely protocol

3 Comparison Presentations by Proposers; 11-05-0006r1, Backward Compatibility of CDD Preambles; Darren McNamara, Toshiba

3.1 Statement of Problem – both nSync and WWiSE use the CDD technique

3.1.1 CDD – Cyclic Delay Diversity

3.1.2 WWiSE is not fully backward compatible since some legacy devices use auto-correlation and others use cross-correlation; decoding WWISE signal field using WWiSE preamble is problematic for legacy receivers based on cross-correlation
3.1.3 nSync more robust as measured in the lab

3.2 Questions – none

4 Comparison Presentations by Proposers; 11-05-1581r1, Power Variations with WWiSE Cyclic Preamble Structure; Dave Hedberg, Conexant

4.1 Concludes that power variation is well behaved for the WWiSE Preamble and resulted in robust detection

4.1.1 Variation in dynamic range was relatively small with associated minimal degradation in performance

4.1.2 Purpose of mixed mode STS is only for legacy detection

4.1.3 Laboratory testing has been done

4.1.3.1 STS – Short Training Sequence

4.1.3.2 LTS – Long Training Sequence

4.1.3.3 SF – signal field

4.2 Questions – Slide 14, ch E, do you need an extra bit in the ADC? A - no

5 Comparison Presentations by Proposers; 11-05-1616r1,WWiSE Pilot Scheme Performance; Airgo Networks; Allert van Zelst

5.1 Showed that the WWiSE pilot scheme outperformed the legacy .11a pilot scheme while having the same tracking bandwidth (loss at most .5 dB)
5.1.1 One of the best metric – post processing SNR of the pilot processing

5.1.2 From a theoretical point of view it is true that the MIMO 2 pilots out performs SISO 4 pilot case

5.2 Questions – none

6 Comparison Presentations by Proposers; 11-05-1636r1, Impact of Fewer Pilot Tones on .11n PHY Performance; Won-Joon Choi, Atheros

6.1 Simulation conditions=CC67

6.2 Config = 2x2

6.3 Don’t just compare to .11a but also consider:

6.3.1 Timing

6.3.2 Frequency Offset

6.3.3 Channel Estimation

6.3.4 Decoded SNR

6.3.5 Pilot/Phase Tracking accuracy

6.4 Concludes: using only 2 tones to gain <4% throughput has detrimental effects of about 1 dB in PER; also, if one pilot is lost (e.g., narrow band interference from BT) results can be very significant – 6 dB PER

6.5 Questions:

6.5.1 Are you losing > 6 dB due to channel impairments? A – yes

6.5.2 How do you lose the pilot? A – easy to do on the simulator

6.5.3 What was phase noise model being assumed? A – TGn channel model

7 Comparison Presentations by Proposers; 11-05-1590r0, Short Training Sequence Compatibility with Legacy 802.11g Devices; Chris Hansen; Broadcom

7.1 Motivation – question from November Meeting – Impact on SISO Legacy Devices

7.2 Legacy STA needs to know when a .11n STA is on the air?

7.3 .11n needs to determine which is best delay to use?

7.4 WWiSE chose long cyclic shift to avoid inadvertent beamforming; CDD less than 50 ns leads to inadvertent beam forming.
7.5 Compared analytical work (delay vs power estimation accuracy) with experimental results – 400 ns compared well

7.6 Conclusion: 400 ns shift provides best legacy protection

7.7 Questions:

7.7.1 How do they compare with results reported this morning by Dave McNamara? A – received power was normalized out

7.7.2 What about legacy devices that use cross-correlation? A – did not consider

8 Chair recessed meeting at 9:48 AM until 10:30 AM

9 Chair reconvened the session at 10:31 AM

10 Complete Proposal Updates; 11-05 -1369r7; MITMOT 802.11n Proposal Update; Marc de Courville; Motorola Labs Paris

10.1 MITMOT=Mac and mImo Techniques for MOre Throughput

10.2 Relevant documents: 11-04-1370r2, 1372r4, 1369r7, 1371r1, 1446r3
10.3 Added features

10.3.1 Power reduction

10.3.2 Channel Estimation

10.3.3 Link Adaptation

10.4 PHY Presentation – Markus Muck

10.4.1 Optional 104 carrier mode in either 20 or 40 MHz
10.4.2 Asymmetric antenna config supported

10.4.3 Optional FEC

10.4.4 Frequency and spatial Interleaving

10.4.5 Hybrid Antenna Schemes – STBC/SDM

10.4.5.1 STBC=space time block coding (e.g., Alamouti Coding)

10.4.5.2 SDM=space division multiplexing

10.4.6 Avoid transmitting neighboring bits over same antenna hence use Interleavers

10.4.6.1 CSI – Channel State information

10.4.6.2 CC=convolutional coding

10.4.7 Think Turbo codes (TCs) are the way to go 3G polynomials

10.4.8 Peak to Average Power Ratio (PAPR) Values

10.4.8.1 Occurrence CDF – Occurrence Cumulative Density Function 

10.5 MAC Presentation - Sebastien Simoens

10.5.1 Introduce a new Access Mode – Extended Centralized Coordination Function (ECCF)

10.5.2 Uses Radio Resource Manager (RRM)

10.5.3 Re: slide 49, Lower rates on STBC; higher rates on SDM

10.5.4 Propose 3-Phase Protocol negotiated between stations

10.5.5 Scenario 1 – 76% MAC Efficiency

10.5.6 Scenario 4 – 72.85%

10.5.7 Scenario 5 bis – 66.77%

10.5.8 Scenario 16 (64 QAM) – 86.5

10.5.9 Scenario 16 (256 QAM) – 82.64

10.6 MITMOT Differentiators:

10.6.1 New Applications and Environments (don’t reduce GI, not worth it)

10.6.2 Enhanced QoS

10.6.3 Lower Power Operation

10.6.4 New Preamble

10.6.5 Improved Link Adaptation

10.7 Questions:

10.7.1 How does STS compare with CDD? A – simplicity especially for cross-correlation but have not done an in-depth comparison

10.7.2 How to handle written questions? A – wait until Wednesday

11 Chair recessed the meeting at 11:55 AM until 1:30 PM this afternoon.

12 Chair reconvened the meeting at 1:30 PM

13 Chair announced Joint meeting with .19 Thursday morning at 8:00 AM in Regency II 

14 Complete Proposal Updates; 11-05-1591r3; WWiSE IEEE 802.11n Proposal Update, Sean Coffey, TI

14.1 WWiSE=Worldwide Spectral Efficiency

14.2 Summarized mandatory (2 TX, 20 MHz, 5 rates, aggregation, block ACK) and optional features (40 MHz, LDPC, 3/4 TX, STBC)

14.3 Related documents – 11-04-0935r3 and r4, 

14.4 Unified format/modes, backwards Compatible, .11e compatible

14.5 Changes since last meeting

14.5.1 Added rate & mode adaptation

14.5.2 Added CSI; info exchanged using .11h frames
14.5.3 Added 10 MHz (20 MHz @ ½ rate)

14.5.4 Removed ZIFS

14.6 Points of Agreement with other proposals are significant

14.6.1 MIMO

14.6.2 OFDM

14.6.3 20 MHz

14.6.4 Data Rates >54 Mbps

14.6.5 Backwards Compatibility

14.6.6 Open Loop

14.6.7 Frame aggregation

14.6.8 Block ACK

14.7 Points of Divergence with other proposals include:

14.7.1 Advanced Coding

14.7.2 FEC Code Rate; increasing rate from 5/6 to 7/8 gains only 5% in rate but costs 2.1 dB in capacity (is it worth it?)
14.7.3 Useful BW in 20 MHz - increasing # tones from 52 to 56 has negligible negative side-effects (e.g., ACI) (11-04-935r3)

14.7.4 Pilot Tone Usage – 2 tones are adequate (11-05-1616r0 and 1636r0)

14.7.5 Cyclic Prefix – should stay at 800ns to absorb multi-path and not go to 400 ns as suggested by nSync
14.7.6 Interleaver Design (see 11-04-935r4 slides 19,20)

14.7.7 Compatibility with legacy preamble (see 11-04-1590r0)

14.7.8 Beamforming and preamble design still being worked on (see 11-05-1645r1)

14.8 All proposals must reach agreement on Slide 31, short cyclic prefix and 7/8 code rate is not robust
14.9 New results since San Antonio

14.9.1 ACI performance (11-04-1579r0)

14.9.2 Short Training Sequence performance (11-04-1590r0)

14.9.3 Impact of Preamble Design on AGC (11-04-1581r0 and 1590r0)

14.9.4 Pilot Performance (11-05-1616r0)

14.9.5 Preamble and beam forming (11-05-1645r1)

14.9.6 MAC mechanisms (11-04-1589r0)

14.10 WWiSE still studying beamforming

14.11 Emphasized that 40 MHz channels are NOT allowed in Japan; why make it mandatory

14.12 Direct comparison with nSync shows for a 2x2 20 MHz MIMO system nSync 140 Mbps and WWiSE 135 Mbps 

14.13 Conclusion of PHY portion – WWiSE minimizes Time to Market for high performance, worldwide .11n Standard

14.14 Other key documents include (11-04-0886r6, 0887r8, 0935r3)

14.15 WWiSE MAC Proposal;  11-05-0016r0; Mathew Fischer, Broadcom

14.15.1 Builds on .11e

14.15.2 One new frame sub-type (use a reserved bit in QoS field)

14.15.3 3 simple efficiency enhancements:

14.15.3.1 MSDU Aggregation

14.15.3.2 HTP Burst (addresses multiple RAs)
14.15.3.3 Enhanced Block ACK

14.15.4 Simulation employed a simple round robin scheduler

14.15.5 Compatible with .11e Power Save mechanisms – legacy PS, unscheduled APSD, scheduled APSD

14.15.6 ROI – preamble (20 us compared with nSync 44.8 us), aggregation, HTP burst, block ACK/no ACK, Multi-poll

14.15.7 WWiSE introduces no new access control functions, one new sub-type,

14.15.8 Phy model used in MAC simulations described in 11-04-0887r3

14.15.9 Simple, compatible yet effective

14.15.10 Aggregation requires keeping multiple pending queues

14.15.11 VoIP frames not generally aggregatable

14.15.12 Multi-poll (i.e., poll frame from AP) not worth it?

14.16 Questions:

14.16.1 Usefulness of 8129 B PSDU? A – not considered in depth
14.16.2 Slide 14; are white bars SIFS? A – no, channel access

14.16.3 Simulator? A – NS2

14.16.4 Slide 35; which mode of aggregation? A – just a generalization

14.16.5 Slide 9 of PHY presentation; if below 54 MHz which mode should be used? A – Return to legacy.

15 Chair recessed the meeting at 3:31 PM until 4:00 PM
16 Chair reconvened the meeting at 4:00  PM

17 Complete Proposal Updates; 11-05-888r8; TGnSync 802.11n Complete Proposal Update;  Jon Rosdahl, Samsung

17.1 Summarized mandatory and optional features


[image: image1]
17.2 PHY Architecture presented by Aon Mujtaba, Agere

17.2.1 Changes since San Antonio

17.2.1.1 Optimized inter-leaver for both 20 and 40 MHz

17.2.1.2 Merged LDPC (see 11-04-0889r2)

17.2.2 A prime focus is scalability

17.2.3 Short Training Field used to tune AGC

17.2.4 400 ns CDD is NOT backwards compatible with legacy cross correlation receiver

17.2.5 2 vs 4 pilots – too much loss of robustness for just a 4% increase in throughput (see 11-05-1636r0)

17.2.6 40 MHz mandatory because it is the correct thing to do technically

17.2.7 WWiSE preamble cannot support beam forming (see 11-05-1635r2) due to their need for smoothing (rank reversal causes loss of coherence)
17.2.7.1 MCS – Modulation Coding Set

17.2.8 Optional LDCP – 2-4 dB improvement

17.3 MAC Architecture Presented by Adrian Stephens, Intel

17.3.1 Added A-MSDU aggregation

17.3.2 Ordering chosen to be compatible with 802.3

17.3.3 Multiple frames per symbol

17.3.4 RX channel adaptation Reduces number of channel accesses

17.3.5 All data packets must be for the same receiver

17.3.5.1 BAR=block Ack request

17.3.6 Aggregation and fragmentation are mutually exclusive

17.3.7 MRA=multiple receiver aggregation is effective in applications such as VoIP (multiple receivers and short packets)

17.3.8 Protection Mechanisms between HT and L(egacy) and 20 MHz HT and 40 MHz HT include Long NAV, pair-wise spoofing or single-ended spoofing.
17.3.9 Complexity due to packets from Rate Adaptation, Higher Layer packets, Retries and Reverse flow packets

17.3.10 Two aggregation schemes – A-MPDU and A-MSDU

17.3.11 MAC simulation relevant documents – 11-04-893, 894 and 1359
17.3.12 Claims much more efficiency than WWiSE

17.3.13 
17.3.14 MAC simulation comparisons based on the following docs – TGnSync 11-04-0892r3 and WWiSE 11-04-0877r8

17.3.15 MAC Conclusions:

17.3.15.1 Baseline – A-MPDU and A-MSDU aggregation, .11e support, RX assisted link adaptation

17.3.15.2 Additional MAC Efficiency – Header Compression, Multi-Receiver Aggregation, bi-directional data flow and Enhanced Block ACK

17.3.15.3 Legacy Protection Mechanisms – long NAV, pair-wise spoofing, single-ended spoofing

17.3.15.4 Related docs – 11-04-893, 894, 1359; FRCC results and analysis 11-04-892 and MAC simulation methodology 11-04-0895.

17.3.15.5 Scalable Channel Management – 20/40 MHz Operating Modes

17.4 Overall Conclusion by Jon Rosdahl:

17.4.1  scalable across multiple dimensions and up to 630 Mbps

17.4.2 20/40 MHz channels

17.4.3 Legacy operation in all modes

17.4.4 TX Beam Forming

17.4.5 Bidirectional Data Flow

17.4.6 Robust Preamble

17.4.7 Robust frame aggregation

17.4.8 Fast Link Adaptation

17.5 Questions:

17.5.1 Merger with Qualcomm or not? A – no comment but decisions will be based on technical merit

17.5.2 Slide 17 – low cost? A – if  > 240 Mbps with two radio chains

17.5.3 20/40 MHz mix mode? A – AP would need to support .11n at 20 MHz

17.5.4 Slide 49 vs Slide 44 – how to compare with each other and WWiSE? A – performed by two different companies

18 Chair recessed meeting at 6:00 PM

Wednesday, 1-19-05; 1:30 PM – 6:00 PM

1 Chair called the meeting to order at 1:32PM

2 Chair reviewed agenda for the rest of the week

3 11-04-1531-02 update:

3.1 .19 discussion Thursday at 8 AM, Regency II to discuss
3.1.1 What are .11n obligations

3.1.2 Channelization plan for 40 MHz

3.1.3 5 C Policy and Procedures, amended to include CA

3.2 Give Q&A priority

3.3 If 40 min not remaining today would authors (Chris Hansen, John Sadowsky) be willing to move to Thursday PM?
3.3.1 John would like to have the presentation prior to the vote, i.e., today

3.3.2 Chris Hansen said he would like have his time today therefore.

3.3.3 So, chair will fit the two presentations in today after the Q&A
3.4 Drew cards to determine order for Q&A

3.4.1 WWiSE first, nSync 2nd, MITMOT 3rd
4 Process - Answer written Qs first and then open Q’s to floor followed by John and Chris
5 WWiSE Q&A – Chris Hansen, 11-05-1608r0 is the prepared answers:

5.1 24 Q’s – generated by Motorola, Ice Fyre, HP, Agere, 

5.2  [Motorola]Mode preference for VoIP? A – short preamble, robust 20 MHz mandatory modes, HTP bursts, optional STBC modes

5.3 [IceFyre]How do modes map across applications? A – avoid duplication of modes to facilitate low cost, interoperability and certification
5.4 [Motorola] Why shorten cyclic prefix? A – robustness, throughput and VoIP support is worth it

5.5 [IceFyre] Header/Preambles efficiency and robustness? A – 11-05-1589r0; 20 us is better than 44.8 us => very valuable for VoIP frames and high traffic density

5.6 [Agere] Smoothing Algorithm? A – based on least squares, see 1645r1; 

5.7 [Agere] How can SVD beamforming be overlaid on WWiSE preambles? A – WWiSE not advocating a particular BF solution yet.

5.8 [IceFyre] How can you support BF?  A – Feedback and BF are not ‘inseparable’; see 1645r1; WWiSE is supporting a feedback mechanism using .11h protocols at this time.
5.9 [Agere] Beam Forming? A- WWiSE solution does not advocate a specific BF solution but does not believe it precludes BF.
5.10 [Agere] Can WWiSE preamble support BF? A – 1645 r2; WWiSE has not said SVD BF is what it will support but it has said it would support closed loop

5.11 [HP] would you support both 5/6 and 7/8 Mandatory Code Rate? A – no due to robustness considerations; 7/8 just an other needless mode; 5/6 with more tones is more robust than 7/8 with fewer tones
5.12 [Motorola] ML algorithm to determine receiver gain? A –MMSE + soft decision decoder

5.13 [Agere] Link Adaptation turned on in simulation results? A – no; PERs <= 2% so not needed in simulations

5.14 [Agere] Simulations using shorter preamble; if yes can short preamble be used all the time? A – some confusion; 2x2 and short preambles were used in .11n only networks

5.15 [Agere] Latency algorithm used in simulations? A – All TXOP sizes were 10ms; low latency STAs got polled more frequently; simple round robin algorithm.

5.16 Chair - Time is up!

6 TGnSync – Adrian Stephens, 11-05-1632r0

6.1 [Motorola] Preference mode for VoIP? A – MRMRA (multiple response and multiple receiver aggregation) and MRAD descriptor

6.2 [Motorola] How will short GI be used? A – part of link adaptation operation

6.3 [Motorola] ML Algorithm used? A – did not use ML algorithm but it could be used; SVD with MMSE (ZF receiver) a better choice

6.4 [Motorola] Decode non .11n beacon? A – legacy devices can discover .11n APs; the signal field is sent at 6 Mbps and is omni-directional
6.5 [IceFyre] Header efficiency and robustness? A – A trade-off and future proofing (i.e., TX BF); HT-LTF provides per-tone accurate channel estimates; header efficiency depends on scenario being considered but nSync header is bullet proof backwards compatible.

6.6 [IceFyre] Complexity to gain linearity and phase noise? A – HT-LTF + HT-STF, 40 MHz BW reduces requirements

6.7 [IceFyre] Compatibility of 40 MHz mode with cellular deployment? A – need to manage networks

6.8  [IceFyre] Header comparison tests? A – Legacy interoperability (both auto-correlation and cross-correlation in channels B, D and E), support for BF such as close loop ch estimation, RX power fluctuation, PAPR, signal field (single point of failure), channel estimation performance (i.e., tied to header), carrier frequency transients during preamble.

6.9 [IceFyre] How are modes mapped across applications in an interoperable way? A – nSync sees different classes of devices, nSync solutions scale across market segments (e.g., BF for video distribution within the home)

6.10 [IceFyre] Closed loop operation – optional vs mandatory? A – need CSI at TX; pre-amble (HT-LTF); sounding packet; protocol for calibration; protocol for rate feedback; extended MCS set

6.11 Time is up!

7 MitMot – Marc de Courville; 11-05-1621r1

7.1 [IceFyre] Header efficiency and robustness A – orthogonal design for LTS;  24 us and no SIG field

7.2 [IceFyre] Complexity to realize Phase and linearity? A – MIMO with MTMR; PA back-off; on 40 MHz channel see PAPR discussion in yesterday’s presentation

7.3 [IceFyre] Header Comparison? A – time sync, frequency offsets, channel estimation MSE, length of headers

7.4 [IceFyre] Map modes and applications in an interoperable way? A – multimedia home, VoIP, Hot spot, full home (indoor and outdoor) ; for outdoor 104 carrier particularly good

7.5 [Hitachi] Table of Rate vs Range? A – see MITMOT CC (comparison criteria) response document; otherwise no table has been created yet
7.6 [HP] Why be Backward Compatible with .11a when it has not taken off? A – premature to say .11a will not take-off; in any case there is a clean split between .11a and our .11n so .11n devices not compromised
7.7 [HP] Would each group be open to standardizing mandatory items first and then optional? A – yes if that will accelerate standardization
7.8 [HP] HH devices will need the MIMO range but not rate, should 2x2 MIMO .11a and g be certified? A- No strong objection; possibly introduce a new device class?
7.9 [HP] 20 mandatory and 40 MHz optional? A- no strong opposition
7.10 [HP] Both 5/6 and 7/8 mandatory? A – no; more modes are bad and expensive
7.11 [Mot] Preferred VoIP mode? A – 20 MHz, 1 stream, 2 TX, STBC, 

7.12 [MOT] Impact of shortening cyclic prefix? A – don’t do it since it is there to absorb multi-plath
7.13 [Mot] ML Algorithm? A – too complex in real world
7.14 [Mot] Deal with Non .11n Beacons? A – use a robust beacon

8 WWiSE – Chris Hansen; 11-05-1608r0

8.1 [Hitachi] Rate Range Table and how does it compare with .11a? A – see FRCC 11-04-877r8

8.2 [Mot] Non .11n Beacon?  A – have not addressed; a dedicated .11n beacon would not be consistent with BF but a STBC may work

8.3 [HP] Aggregation nSync A-MSDU and A-MPDU vs WWiSE A–MDSU and HTP burst; comparison? A – higher the layer the more efficient but less flexible so the answer is a trade-off; HTP burst is simple yet effective

8.4 [HP] Mandatory first and then Optional items? A – lets follow existing selection process since some mandatory/optional features are not decoupled  

8.5 [HP] 40 MHz Mandatory at 5 and only 20 MH at 2.4? A – 40 MHz should not be mandatory under any conditions

8.6 [HP] Why same preambles at 2.4 and 5 GHz? A – backward compatibility must be supported;

8.7 [IceFyre] Complexity for linearity and phase noise? A – CC models are reasonable; 40 MHz burns more power than 20 MHz

8.8 [HP] Certification – Should .11g and a HH be able to get 2x2 .11n MIMO certification? A – Yes if it makes sense.

9 nSync – Adrian Stephens (11-05-1632r1)

9.1 [IceFyre] What capability is minimum requirement for Tx BF? A – TX/RX of sounding packet,

9.2 [IceFyre] Compare 4x2 BF and 4x2 STBC? A – 4x2 vs 2x2 5-6 dB; 4x2 BF 3 dB better 

9.3 [WWiSE] A – fix rate and look at range (243 5x 54); SNR 2x2 243 Mbps is 29.5 dB; SNR 1x1 for 54 Mbps is 28 dB

10 Chair recessed at 3:30 PM until 4:00PM

11 Chair reconvened at 4:02PM

11.1 [WWiSE]Viterbi decoder @ 630 Mbps? A – parallelization is a design choice

11.2 [WWiSE] Which LDPC Coding? A – see 888r5; LDPC gives a coding gain of 2-3 dB over convolutional codes
11.3 [WWiSE] Use of short GI? A – no; will decrease ADI rejection; depends on link adaptation, e.g., only use ½ GI in Ch Model B

11.4 [WWiSE] Should reserve bit be set to zero? A – there is no unequivocal normative text in current standard

11.5 [WWiSE] 40 MHz optional? A – never say never
11.6 [Hitachi] Rate Range Table? A – no per se; see comparison criteria
11.7 [HP] Why same preambles at 2.4 and 5? A – backwards compatibility

11.8 [HP] Mandatory first? A – no because mandatory and optional are not always decoupled

11.9 [HP] 2x2 MIMO .11a and g be certifiable? A – address to WFA

11.10 [HP] 40 MHz at 5 GHz and optional at 2.4? A – would consider

11.11 [HP] Only one mandatory advanced code rate? A – a trade-off; we are open
11.12 [HP] Why stay with 48 data sub-carriers? A – would consider a compromise

11.13 [HP] Would eliminating ½ GI be worthwhile? A – not really; it is part of link adaptation process
11.14 [HP] Difference in aggregation methods? A – both A-MDSU;  A-MPDU allows retry of a middle MPDU; A-PPDU by WWiSE may not be robust; both have HTP

11.15 [HP] Bidirectional data flow is an interoperability nightmare? A – disagree; manage using simple handshake
12 Chair – that concludes responses to written questions; propose an open mic Q&A from the floor:

12.1 (For nSync) Legacy compatibility of preamble and beam forming? A – Omni directional signal field can be received by a legacy STA (which sets its NAV accordingly) but not the data packet as easily when data is beam formed since it is no longer omni-directional. STA goes into RX state. Did not consider the ad hoc mode yet.
12.2 (For nSync) Changes to nSync proposal due to Qualcomm and Mitsubishi joining nSync? A – a possibility but not currently planned; Qualcomm felt close to nSync proposal and wants to accelerate the proposal; current proposal stands
12.3 (For nSync) Which mode in Slide 41 of 888r8? A – 7/8 is fragile code for open loop 2x2 but there are alternative; MCS = 8-15, MCS 15 is 64 QAM,7/8
12.4 (For nSync) Two 40 MH BSS; required channel separation to meet ACI? A – 40 MHz, adjacent channels can be used.
12.5 (Fro WWiSE) WWiSE support for closed loop operation; what are details, planned uses? A – (see 11-04-886r6) built on .11g&h mechanism to support closed loop;  can be used for Beam forming and other techniques such as calibration; interoperable, effective, future proof; closed loop is very complex and should remain optional; WWiSE is not advocating a particular BF algorithm (e.g., SVD) at this time
12.6 (For nSync) Technical discrepancies, in 11-05-1632 slides 40, 41 and 43 for example;  A – PHY over-the-air rate only (e.g., no MAC included) simulation; slides should say over-the-air and not throughput at MAC
12.7 (For nSync) What is problem with Cross-correlation RX? A – Correlate to stored reference; cross-correlation has a 3 dB performance gain in low delay channel.
12.8 (For nSync) Slide 23; for replicated rates what is difference in operating modes? A – receiver must decide if it is better to support one stream or two; need rich rates set with MIMO in general and especially with BF; e.g., RX needs to decide if it is better to send one stream at 12 Mbps or 2 at 6 Mbps.
12.9 (For WWiSE) Greenfield preambles for .11n only BSS? A – yes)
12.10 (For WWiSE) What happens when a single legacy STA joins? A – incorporated a beacon (like .11g)  that will cause STAs to switch to mixed mode and choose a PHY protection scheme and a MAC protection scheme; impact will be highest for Greenfield BSS and short frames. For long aggregated frames less impact however WWiSE will still be better than nSync due to the shorter header.

12.11 (For nSync) What happens when a legacy STA arrives? A – Incorporated a .11n only beacon mechanism; not spec’d in FRCC; IAC and RAC frames must change mechanisms to mixed mode and impact is ~1 Mbps.
12.12 (For nSync) What is gain for 2x2, 64 QAM, 7/8, 2 streams, short GI  to 4x2 BF case? A – 6-10 dB

12.13 (For WWiSE) 877r8; value of 5/6 code rate? A – channel model B is indeed difficult

12.14 (For WWiSE) How do you offer performance equivalent to the BF mode of nSync? A – BF is optional
12.15 (For nSync) Sounding Packet; what are the details of this packet? A – see 11-04-889r3

12.16 (For nSync) RX can’t use smoothing in BF case but legacy RXs use smoothing; what happens? A – .11n STAs receive but legacy can’t.

13 Chair cut off debate to hear last two presentations
14 11-05-1635r1; WWiSE Preambles and MIMO Beamforming??; John Sadowsky, Intel 

14.1 BF is here to stay since it is being used in .11g/a systems on the market today to enhance rate at a particular range.

14.2 Problem with WWiSE preambles and beam forming:

14.2.1 Omni-directional TX of SIG-N not offered by WWiSE; this results in hidden-nodes

14.2.2 WWiSE preambles are designed for per antenna training whereas for BF per stream training is preferred so steering matrices don’t have to be sent to RX and RX can receiver is the same for either BF or non-BF packets 
14.2.3 Explicit CSI feedback introduces latency to time critical processing

14.2.4 BF is performed on top of CDD

14.2.5 WWiSE Channel estimation requires smoothing but channel smoothing cannot be applied to BF; smoothing is problematic due to poor correlation between tones on Eigen-channels with similar singular values. 

14.2.6 nSync chose longer preamble specifically to support BF and guarantee legacy interop
14.2.7 Explicit CSI management frame injects added latency (versus using reciprocity) given that the channel should be updated on a per packet basis
14.3 Conclusion: it is an after thought and BF needs to be well thought out and necessary for increased rate at range.

15 11-05-1645r2; Preambles, Beamforming and the WWiSE Proposal; Chris Hansen, Broadcom

15.1 Initial proposal did not consider closed loop but relied on STBC
15.2 Closed Loop OPTION was added in 11-04-866r6

15.3 SVD is complicated

15.4 Closed loop not needed for BF exclusively; CL can be used for calibration, mode feedback (for link adaptation) and number of transmitters, PHY rate and computing BF matrices for example

15.5 Question with BF is how suboptimal it is, and it may become worse than other techniques that are much simpler. SVD with ZF MMSE is same as MLD (max likelihood detection), but that is not true if channel estimate is inaccurate. MLD will do better in that case.
15.5.1.1 CDF=cumulative distribution function
15.6 nSync assessment is wrong; WWiSE preamble can support SVD BF
15.7 BF needed to support a certain rate at a given range.
15.8 Increasing preamble just for BF which will be used only occasionally is too high a penalty
15.9 Conclude: WWiSE preambles are indeed compatible with beam forming
16 Chair recessed the meeting at 6:03 PM until 1:30 tomorrow
Thursday 1-20-05; 1:30 – 6:00 PM
1 Chair convened the meeting at 1:30 PM

2 Chair described logistics for down selection vote

2.1 11-03-0665r9 is the ruling down selection procedure document

2.2 We are at step 16, elimination vote

2.3 Ballot was described; only ONE mark on your signed ballot; bring your badge with you

2.4 Roll Call vote discussion

2.4.1 Floor - Roll call vote was requested but not in order

2.4.2 No provision to record an abstention

2.4.3 Roll call simply means the results are published on a per name basis

2.4.4 Need a motion to vote before the roll call vote can be requested

2.4.5 Floor – many members feel a secret ballot is preferred

2.4.6 Will Call names in reverse alphabetical order

2.5 At 4:00 PM chair will reconvene with the following agenda:

2.5.1.1 .19 summary

2.5.1.2 one technical paper

2.5.1.3 Planning for March

3 Moved by Jim Zyren and seconded by Jon Rosdahl that a down selection vote be held was passed unanimously

4 John Kowalski called for a roll call vote; the motion does not need a second and is non debatable
4.1 Those in favor of a roll-call vote - 82

4.2 Those opposed to a roll-call vote -130

4.3 Passes the 25% threshold
5 Roll-call vote was held

6 Chair adjourned the meeting at 2:20 PM until 4 PM
7 Chair reconvened the meeting at 4 PM

8 Secretary who attended the .19 ‘informal’ joint meeting this morning summarized the discussion as follows (also see 11-04-1531r3):

8.1 Jim Allen representing .15 made the following points:

8.1.1 Not enough room in 2.4 ISM band to bond two 20 MHz channels to form a 40 MHz channel

8.1.2 In 5 GHz band .15 would prefer to see 40 MHz channelization as optional

8.1.3 .15 has already spent considerable effort on coexistence with .11

8.2 .11n chair noted that all .11n proposals include 20 MHz and 40 MHz channelization in both 2.4 and 5 GHz bands

8.3 All the .11n proposals have closed loop link adaptation mechanisms; this should help coexistence 

8.4 Floor – coexistence is not limited to using separate channels

8.5 What is the least .11n can get away with?

8.6 FCC does not require zero interference

8.7 What are the perpetrator/victim impact metrics going to be

8.8 The .19 rules are as follows:

8.8.1 In the 5 Criteria document the requirement to generate a CA has been added to the Technical Feasibility paragraph

8.8.2 .11n will have to generate a Coexistence Assurance document

8.8.3 The CA will apply to unlicensed bands although coexistence mechanisms are encouraged in the licensed bands

8.8.4 The CA must be attached to all LB drafts

8.8.5 .19 gets a vote in .11n LBs for the purpose of providing feedback on coexistence; .19 does not make decisions but reports status

8.8.6 .19 does not get a vote at the Sponsor ballot stage

8.8.7 .19 will have a CA guide available by Jan 2006, estimated date of first .11n draft; the guide is basically in the planning stages (see 19-04-0022)

8.9 Next Steps:

8.9.1 official .19/.11n joint meeting in March

8.9.2 identify a .11n liaison to .19

9 Stuart Kerry presented the results of the down selection vote:

9.1 nSync – 132 (55.23%)
9.2 WWiSE – 84 (35.15%)
9.3 MITMOT – 23 (9.62%)
10 Chair then started planning for the March meeting:

10.1 Agreed to March 4 posting date for technical proposals and a March 8 date for questions to the authors; Authors will respond to written questions by Friday March 11

10.2 More live debate time should be provided

10.3 For written questions questioner should be at mic with responder so additional questions can be asked

10.4 Don’t spend time reading the written questions over and over again

10.5 Give preference to non-aligned questioners in open forum

10.6 Don’t put FRCC in 10 day window; leave time for simulations

10.7 Leave time for debate and straw polls on specific items (e.g., merger topics)

10.8 Include FRs but not CCs in 10 day pre-meeting period; seemed most popular

10.9 On the contrary see value in posting CCs in the 10 day period

10.10 Straw Poll: should we have a confirmation vote (as well as down selection) at the March meeting? Y=68, N=2

10.11 Step 17; if not 75% confirmation, no voters must provide reasons for voting ‘no’ to the chair and what needs to change followed by a roll call vote.

10.12 Seems like a natural separation (in time unspecified) would be after the roll call vote and before the responses

10.13 Include election of technical editor on the March session?

10.14 Straw Poll – Elect a technical editor at the March meeting? Y=54, N=22

10.15 Make sure and give separate time for live questions (4 hours for example) over written questions (2 hours for example)

10.16 Chair agreed to publish agenda before the March meeting and request comments

11 March Agenda Items recorded on 11-04-1531r4:

11.1 Intro – 1 hr

11.2 Comparison reports

11.2.1 Market/Application reports - .5 hr

11.3 Proposal Presentations (1-2 hr blocks)

11.3.1 Technical Comparisons, clarifications

11.3.2 Random speaker sequence each round

11.4 Additional tech presentations – 3 hr.

11.5 .19 Joint Meeting – 1 hr if possible

11.6 Q&A 4 hrs – 2 hr written and 2 hrs live; separate time for live questions for non-aligned members

11.7 Summary statement (5-10 min) or panel

11.8 Down selection vote – special order

11.9 Confirmation vote – (as much of step 17 as time will allow in March)

11.10 Elect Technical Editor

11.11 Plans for May

12 Final Presentation: 11-05-0020r0; Required Feature Set for Closed Loop BF; Aryan Saed, IceFyre

12.1 Suggestions:
12.1.1 Make CSI mandatory

12.1.2 Enable a lazy TX to partake in BF

12.1.3 Include NF (noise figure) and RSSI (RX signal strength indication) in feedback so SNR can be inferred from CSI

12.1.4 Separate header efficiency and effectiveness for BF

12.1.4.1 MTS=MIMO Training Sequence

12.1.5 Hx sent in service fields

12.2 Questions:

12.2.1 Why CSI mandatory for an optional mode? A – not much effort for large gain

12.2.2 Would Open Loop BF work? A – need some feedback

13 Straw Poll: Tim Wakeley asked to amend selection procedure to include an “abstain” category on the down selection ballot. Result Y=17, N= 44

14 Motion to adjourn meeting and session by Dave Bagby and seconded by Jon Rosdahl passed without objection at 5:51PM.
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