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Abstract

Minutes of the High Throughput Task Group meetings held during the IEEE 802.11/15 Interim meeting in Albuquerque from November 10 through 14, 2003.

Executive Summary (see closing report doc. 11-03-962r0):

1. 20 submissions were received and are listed in doc. 11-03-0891r3

2. Approved document 11-03-940r1 as the official 802.11n Channel Models
–Channel Model Special Committee has been dissolved
3. Elected Adrian Stephens (adrian.p.stephens@intel.com) as the Chairperson of the Functional Requirements and Comparison Criteria (FRCC) Special Committee

4. •Current draft of Usage Models is in document 11-03-802r6

5. Motion to adopt Usage Models in doc. 11-03-813r6 was tabled
6. Motion to adopt Functional Requirements in doc. 11-03-813r8 was tabled
7. Four conference calls will be held before the January meeting

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

Detailed minutes follow:

Monday November 10; 4:00 –6:00 PM [~145 attendees]

:

1. Meeting was called to order by Task Group chairperson Matthew Shoemake at 4:08 PM

2. New participants in .11n ~40

3. Chair reviewed history and overview of process and objectives for the week for 802.11n [ doc. (03-872r1)]

4. Original schedule in [doc. 1(1-03/348)]

5. Objectives for the week are to adopt:

a. Functional Requirements (FR) Special Committee Output document – Adrian Stephens

b. Channel Models (CM) Special Committee Output document – Venko Erceg is not here; Colin Lanzl will handle Venko’s duties this week

c. Selection Procedure – doc. 03-0665 r3

d. Call for Proposal time permitting

e. Functional Requirements and Comparison Criteria time permitting

f. Hold elections for secretary – 8 AM Wednesday morning

6. Election of Officers was a hot topic at CAC meeting

a. Directed that .11n delay election of vice-chair and editor until special committees are concluded

7. Tentative Agenda doc 11-03/788r4

8. Motion to adopt agenda by Colin Lanzl and seconded by Adrian Stephens

9. Motion to Amend by George Vlantis and seconded by John Kowalski:

a. Include issuing a call for Submissions

b. Passed unanimously

10. Main motion to accept the agenda as amended passed (48-0-5)
11. Motion to approve minutes of September meeting (doc 756r0) by Colin Lanzl was seconded by John Kowalski and passed unanimously
12. Call for submissions

13. Submissions are listed in [doc. (11-03 – 0891r3)]

14. Channel Model report – Colin Lanzl [doc. (11-03-848r2)] included the following topics:

a. K Factors

b. Doppler Power Spectral Modelling

c. Stadium Models

d. Old Channel Model doc. (11-03-161r2) becomes (11-03-0871r0)

15. FR&CC Report - Adrian Stephens [doc 11-03-0855r0] included reference to the following docs:

a. 11-03-813 – Functional Requirements

b. 11-03-814 - Comparison Criteria

c. 11-03-815 – Cumulative meeting minutes

d. 11-03-802 – Usage model doc

16. Draft Call for Proposals; John Terry; [doc. (11-03-0858r0)] included the following paragraphs for discussion:

a. Formal Call

b. Deadlines for Partial or Complete Proposals

c. Submissions

d. Functional Requirement (FR) [doc (11-03-813)]

e. Comparison Criteria (CC) [doc (11-03-814)]

i. John presented [doc (11-03-0859r0)] timelines for three scenarios and noted that our selection criteria requires that the proposals be on the server for at least 30 days prior to presentation:

1. Scenario #1 – Call issued at the close of this meeting and Proposals heard at March meeting; this would offer ~12 weeks between the call and putting the proposals on the server.

2. Scenario #2 – Call issued at the close of January meeting and Proposals heard at March meeting; this would offer ~4 weeks between the call and putting the proposals on the server.

3. Scenario #3 – Call issued at the close of March meeting and Proposals heard at May meeting; this would offer ~ 2 weeks between the call and putting the proposals on the server.

f. Discussion

i. 30 day requirement for proposals to be on server

ii. Notification of intent from Proposers

iii. Issue is how long does the membership think it needs for preparing proposals and issuing intent after FR&CC and CM are completed?

iv. Purpose of Call for Intent is for the Chair to schedule time for the presenters

v. Straw Poll – After the Call for Proposals is issued, how much time should be allowed before proposals must be on the server? A - 3 weeks (6), 2 months (27), 3 months (65)
vi. No one wants to present their proposals first

vii. Why generate the proposals list? A – create opportunity to communicate/merge

17. Recessed Early at 5:41 PM as no short (<20 minutes) submissions were identified

Monday November 10; 7:30 – 9:30 PM

18. Chair read IEEE-SA Bylaws on Patents slide #1

a. Danni Nissani indicated he had a patent application on behalf of himself pending on information he will discuss tomorrow in paper [doc. (11-03-0669r1)]

19. Inappropriate topics were reviewed by Chairperson – standard IEEE slide #2

20. Chair noted Submissions [doc (11-03-891r0)] list was on the server

21. Submission #1 – Eric Jacobsen, Intel, LDPC FEC System [doc. (11-03-0865r1)]

a. Iterative FECs (turbo codes, turbo product codes, Low density Parity Check Codes (LDPC))

b. LDPC – good performance, low complexity for short Blocks

c. Encoder can be complex

d. 8 Iterations a good trade-off

e. SIFs budget drives complexity trade-off

f. Arbitrarily selected 1 us to do decoding

g. BCJR (did not define) computation engine is memory efficient but 2x complexity over Min-Sum kernel

h. 240 Mbps (240cycles at 240 MHz)

i. Discussion

i. How do you handle variations in code rate? A - Concatenate code words

ii. H matrix is 1600x400 and 4 bits per column

iii. Is there IP associated with BCJR engine; A – not sure but there is none associated with LDPC

22. Submission #2 – MIMO Experimental Test bed for OFDM Research [METeOR] UCLA EE ; Babak Dabeshrad; [Doc. (11-03-0806r0)]

a. 2x2 setting, 120 Mbps non-real time for this paper

b. UCLA Goal 8x8 real system by 2005

c. Need Channel inversion algorithm converted to silicon?

d. GUI for Very flexible phy layer

e. Developed unique packet structure over last 3 years

f. Problems

i. IQ Mismatch

ii. Phase noise

g. QPSK on 190 useable subcarriers

h. .18u CMOS ASIC

i. Uncoded system today with goal of 10-3 BER

j. Discussion:

i. IQ correction process? A – DFE and Joint Detection Algorithm

ii. Mobility effects? A – Not at this time

iii. Channel Estimation Algorithm – RLS

23. Submission #3 – Transmit Diversity for MIMO OFDM, Sumeet Sandhu; Intel; [Doc (11-03-0847 r0)]

a. Cyclic Delay Diversity (CDD) compared with Alamouti (Orthogonal Space-Time Block Codes)

b. For > 3x3 Alamouti gain decreases

c. As rate decreases Alamouti gain is lower

d. Alamouti is best code for 1 receive antenna at 3 dB

e. 3 RX antennas Alamouti only gains <1 dB wrt CDD

f. CDD is compatible with .11a

g. Discussion

i. Channel Model – based on real measurements

h. Meeting Adjourned until 10:30 AM tomorrow.

Tuesday 11-11-03; 10:30AM-12:30PM

24. Chair reviewed our schedule:

a. 20 submissions total

b. 16 hours left

c. 17 more submissions

d. Important FR&CC and CM work to do

e. We could end up using all our time for submissions; is this what we want to do?

25. Straw Poll – Shall we limit presentation time per submission to no more than 30 minutes (including Q&A), thereby guaranteeing approximately 8 hours of time to work on and/or approve Channel Model and FR&CC? passed unanimously!

26. Submission #4 – Hardware Implementation of Indoor MIMO WLAN Channel Models; Electrobit (Finland) Tommi Jamsa, [doc. (11-03-0824 r0)]

a. Hardware simulator increased Simulation Speed

b. Real Devices can be tested

c. Results between Hardware and software can differ due to non ideal hardware characteristics

d. 10 ns delay separation in hardware

e. Evaluated in Matlab what the impact was by constraining the delay accuracy to 10 ns and found almost no difference (<1 dB)

f. Measure amplitude and phase accuracy in a 2x4 MIMO system; < 0.5 dB

g. Delta was +/- 0.3 dB for a delay spread of 0.5 to 5 ns in delay

h. 16 fading channels in proposed test set-up

i. Conclusion – delay accuracy inaccuracies not critical up to 10 ns; test set up suggested

j. Discussion:

i. Bi-directional system or unidirectional; if so does delay include both directions? A – Unidirectional; latency was 4 us round trip

ii. Bi-directional would double hardware? A - yes

27. Submission # 5 – Novel MIMO Transmission Method, Daniel Nissani, (Nissensohn) [doc. (11-03-669r0)]; dnissani@bezeqint.com

a. Cross-talk interference is a very significant factor in MIMO systems

b. Can be predicted and Controlled contrary to popular opinion

c. Real cause is Imperfect MIMO Cross talk Channel estimation

d. 20 dB improvement over ZF (zero force), LSE, MMSE at 1E-6 BER

e. Basic MIMO Model analysed

f. Estimation error depends on Mag. of error estimation and channel structure itself

g. Majority of channels have crosstalk much worse that thermal noise

h. Crosstalk interference depends on the structure of H!! in a simple manner

i. How to exploit?

j. Pre-equalizer to transform bad channel into a good channel using two short burst preambles (6 symbols)

k. Hn=noisy channel; Hm=modified channel

l. Result – single matrix multiplication at BOTH TX and RX

m. 20 dB gain ! in his simulations at 1E-6 BER

n. Discussed gain in range relative to existing systems (.11a) for a 3x3 MIMO technique

o. Discussion

i. What type of channel estimation? A-Flat fading Raleigh channel

ii. Why is a really good estimate of V not good enough? A – not practical; Control of crosstalk is UNIQUE to MIMO systems however!!

iii. Overhead – how is info fed back to Transmitter in order to calculate V; A – feedback symbols before data is transmitted

28. Submission #6; Wi-Fi Alliance TGn MRD; Paul Feinberg; Wi-Fi Alliance (WFA); [doc (11-03-878r0)];

a. Salient Requirements

i. 100 Mbps @ 15m

ii. 10 Mbps @ 100m

iii. 95% coverage

iv. Single Phy which could be used in Residential, Enterprise or Hot Spot market segments

v. Backward Compatibility

vi. HT does not constrain operation in non-BSS topology (e.g., mobile)

b. Target Market Segments

i. Infotainment 

ii. Business

iii. Hot Spot

c. Environments

i. Stratified Market Segments into about 3 each

d. Document will be maintained through December to complete WFA comment resolution

e. Discussion:

i. Where is MRD? A-[Doc – (11-03-879)]

ii. How do we insert these inputs into .11n? A – close liaison like today

iii. Will WFA go its own way like it did for WPA? A- not at this time

iv. Will WFA add additional requirements? A – possibly but only for interoperability

v. Goal? A – align activities but will not spec performance levels

29. Submission #7; Simulation Methodologies and Radio Impairment Modelling for Fair TGn Proposal Comparisons, Jeff Gilbert from Atheros Communications; [doc. (11-03-888r2)]

a. The Problem – Radio impairment models and Phy abstraction used in MAC are not specified

b. Radio Impairments to specify

i. Link margin (e.g., antenna gain, EIRP, RX noise floor)

ii. Synthesizer Phase Noise and Frequency offset (e.g., pilot schemes, constellation size, offset like .11a or .11g)

iii. Nonlinearities (PA, mixer)

iv. Baseband impairments (IQ mismatch, A/D conversion resolution, baseband noise floors)

c. Phy Modelling and System Simulations

i. TGn differs (both MAC and PHY w/throughput at MAC SAP)

ii. PHY abstraction used in MAC/System simulation

iii. Time varying channels will impact feedback schemes

d. Possible Solutions suggested

e. Interference Model

f. Layer 3 and above Parameters (e.g., TCP parameters, aggregation)

g. What to do? Separate Simulation group?

h. Key is balance accuracy and effort

i. Discussion:

i. Where does detailed specification stop? A – will not define implementation

ii. Have you considered just offering Atheros model? A – too difficult to integrate into .11n process

iii. Very complex; could they be grouped? A – yes some grouping could be done; not as difficult as channel model

iv. Agree Phy abstraction problem in particular needs to be recognized

v. Not in FR&CC

vi. Which is more important FRCC or Simulation Methodology

vii. What happened in .11g? A by Chair – like .11b; 10 FRs and 20-30 CCs; pointer to CM document BUT this was only a new PHY!; nothing RX based

viii. We don’t know what BW and channelization are yet so how can we do this?

ix. See as tightly tied to Channel Models

j. Straw polls for later if this topic arises:

i. Should 802.11n specify radio Characteristics (either ideal or impaired?)

ii. Should 802.11n specify PHY/MAC simulation methodologies?

iii. How should this be accomplished?

1. Separate group/document referenced by FRCC?

2. Just add to Usage Models?

3. Just add to Fnc Requirements/Comparison Criteria?

4. Just add to Channel Models?

30. Adjourned for Lunch and will reconvene at 1:30 PM

Tuesday, November 11/03; 1:30 – 3:30 PM

31. Chair called meeting to order at 1:33PM

32. Submission #8; Packet Error Probability Prediction for 802.11 MAC Simulation; John Sadowski, Qinghua Li, Intel; [Doc. (11-03-0863r0)]

a. Define Phy Model for MAC simulator

b. MAC Simulator includes

i. Multiple Apps and STAs

ii. Channel Models

iii. PHY Model (not full link level simulation)

c. Static channel throughout PDU

d. Same model for all packet lengths, (Model D)

e. Assumes OFDM symbols are independent events

f. 40 MHz SISO Simulations

g. Trade-off Modulation Coding Schemes versus model parameters

h. SNR is a very poor predictor of Symbol Probability of Error

i. Proposed a compressor predictor

j. Accuracy is best in region where it is important, i.e., higher error rates

k. Discussion:

i. How to determine Viterbi soft Metric SNRs? A – averaged or used Pb for lowest quality bit

ii. Interleaving? A – not a critical factor

iii. Geometrical Average; is it comparable to compression function used? A- yes

33. Submission #9; Simulation for Spatial Covariance Matrix; Antonio Forenza, UT, [Doc. (11-03- 0821r0)]

a. Analytical Model

i. p is laplacian distribution

ii. Compared with (3GPP, Bessel fncs in .11n, Fast-R)

b. Performance Results

i. Fast-R method is 200 times faster than .11n simulation

ii. Current model assumes Tap AS~Cluster AS; what is justification for this

c. Conclusions

i. Fast-R method is a practical alternative ~200x faster

34. Submission #10 ; Receive Sensitivity Tables for MIMO OFDM 802.11n, Stephan ten Brink, Realtek Semiconductors; [doc. (11-03-0845r0)]

a. Purpose – Develop Rate versus RX sensitivity Tables to determine # antennas

b. Options to increase data rate

i. Modulation order

ii. Increase channel code rate

iii. Increase BW

iv. Increase # TX antennas

c. Assumption for simulations

i. Perfect channel knowledge

ii. Idealized Multipath MIMO Channel;

iii. Packet quasi static

iv. 1000 bit packets

v. 10 dB noise figure

vi. 5 dB implementation margin

vii. 10% PER

d. Tables

i. For increasing range use Alamouti not MIMO

ii. Don’t use 2x2 but rather 2x3

e. MIMO Detector Comparison

i. Zero Forcing detection is adequate

f. Summarize

i. Range – use Alamouti

ii. Use RX=TX+1 i.e., one more receiver than transmitter for higher rates

iii. ZF is close to APP detection for higher rates

iv. Can achieve 150 Mbps with two transmit antennas

g. Discussion:

i. Was TX power normalized? A – yes

35. Submission #11; Usage Model Simulation Results; George Vlantis, ST Microelectronics [doc (11-03-0841r1)]

a. Simulated Scenarios – 1,2,4,6

b. Simulation Tools – NS .11b model generalized to .11g; MAC models available; Traffic generators; Channel models are difficult to simulate well in NS

c. Using DLP

d. Channel Model – exponential path loss

e. Covered Residential Scenario#1 in detail (residence with an AP)

f. Get to > 50 Mbps only in QoS applications

g. Delay and jitter suffer when aggregation enabled

h. If TCP traffic removed than desired throughput is achieved

i. Other scenarios behave similarly

j. Discussion:

i. Are simulations implementable in a realistic TGn proposal? A – this work shows it will be tough even with 300 Mbps at the PHY layer for all the features

ii. No rate control?; A - Yes

36. Submission #12; Intel Validation of TGn Simulation Scenarios; Adrian Stephens, Intel; [doc (11-03-835 r1)]

a. Purpose – yes the scenarios are implementable in a realistic protocol

b. Tool - Op Net version 9; 1 year with 2 people

c. Implementation – only considered UDP flows; don’t have EDCF or HCCA yet (i.e., no TCP traffic); SISO channel width 80 MHz which is thought to be roughly = to 2x2 MIMO at 40 MHz

d. Summary of results

i. Only scenarios 2,9,11 have not been simulated

ii. Recommends accepting simulation scenarios

e. Reviewed many Scenarios in detail

f. Discussion:

i. Will 20 MHz channelization work? A – think so since 4 spatial channels=80 MHz

ii. Results with Submission #11 are similar but conclusions are different; why? A – first, #12 assumed TCP and this study did not

37. Meeting adjourned until 4 PM

Tuesday, November 11/03; 4:00-6:00 PM

38. Submission #13; IEEE 802.11e Performance Evaluation; Javier del Prado; Philips [doc. (11-03-0861 r0)]

a. Simulator OpNetv2

b. Throughput as a function of frame size and number of stations

c. Answer – Are the Usage Scenarios Implementable?

d. Protocols considered

i. DCF

ii. EDCF

iii. EDCF wo ACK

iv. HCCA

v. HCCA wo ACK

e. Simulations Results given for many scenarios including the most challenging VoIP

i. ~90% Efficient for large frames

ii. ~55-80% efficient for 1500 Byte frames

iii. Simulation scenario #1 – for 216 Mbps PHY system is close to limit

iv. HCCA Independent of number of Stations

v. Do we need to relax the simulation scenarios especially for small packets

f. Discussion

i. Are scenarios implementable? A – not if all impairments included

ii. Average MAC efficiency ~ 25%

39. Submission #14; Direct Path to Multipath Ratio (DPMPR) and RMS Delay Spread Measurements in an Office and a Lab Environment; Eldad Perahia, Cisco Systems; [doc.(11-03-846r0)]

a. K-factors are defined in .11n channel model were converted

b. Reviewed Data Acquisition scenarios – small office and lab

c. Conclusions

i. Corresponds to Model C

ii. LOS similar to model C

iii. NLOS NOT similar to model C

iv. Suggested modifications to Model C

v. Model D compared well

d. Discussion

i. Power profile should dictate K-factor but here the K-factor is related to the DPMPR

40. Submission #15;Bell-Spike Power Doppler Spectrum Model; George Vlantis, ST Microelectronics; [doc. (11-03-0839r1)]

a. Impact of vehicular motion

b. Proposed model formula; vo=stationary

c. This work has been incorporated into 11-03-161r3 as proposed

41. Submission #16 MIMO Channel Measurements Using Super Resolution Techniques, Nir Tal, Metalink Broadband; [doc. (11-03-890r0)]

a. Purpose

i. Present new results

ii. Validate channel model

iii. Statistics on Fluorescent Modulation

b. Measurement Information – lower UNII band, 2m above ground, 1.5 Lambda antenna spacing

c. Measurement Set-up- simultaneous 2x2 MIMO

d. Why super resolution techniques

i. Long sampling periods 100ms over slow 46 MHz sampling (vs 500 MHz sampling for instance) reduces memory significantly

e. Results

i. Channel impulse responses between four antennas pairs e.g. TX1<->RX2

ii. Taps are independent

iii. Taps vary somewhat over 100 ms measurement period

iv. Cluster approach does actually work

v. Statistical Results

vi. No strict correlation between RMS Delay Spread and Distance

vii. Conclusion

1. Good correlation to model

2. Cluster model works

3. Fluorescent effect works

4. Doppler Spectrum close enough

viii. Discussion

1. Slide 11 – typo fast -> slow? A – yes

2. Slide 20 – measurements in same location? A-yes

42. Submission #17; 802.11n Channel Model Validation; Qinghau Li, Intel: [doc (11-03-0894)]

a. Channel Model Tutorial

b. User Interface

c. Measurements

d. Summary

i. Intel Results

1. RMS delay spread matches

ii. Zyray Measurements

1. Cover D,E and some F, large space matches model

2. Overall good match

iii. Metalink

1. MIMO capacity is ~ 2x each channel

2. Again good correlation

e. Discussion

i. Were results other than average obtained? A- 

43. Submission #18; Ricean K-factor in an Office Cubicle Environment;; Qinghau Li, Intel: [doc (11-03-0895)]

a. Measurement Set-up and Analysis

b. Locations

c. Results

d. Conclusion – K-factor is small due to aggregation of scatterers in office cubicle environment

44. Submission #19; Elevation Effect on MIMO Channel; Qinghau Li, Intel: [doc (11-03-0934r0)]

a. Office Environment again

b. 2.4 GHz and 5.2 GHz

c. 2 in antenna

d. Channel Capacity – 4x4 ch capacity at SNR 15 dB, varies in a small range with change in elevation

e. Conclusion

i. Elevation changes channel capacity by only 1-10%

ii. AP sees slightly fewer Apps if Elevation not included

iii. AS at AP is only about 5%

iv. Effects are generally small.

Tuesday, November 11/03; Evening 7:30-9:30 PM
45. Submission #20; Measured Ricean K-Factor in a 5 GHz Band; Yasuhiko Inoue, NTT Japan; [doc (11-03-0884r1)]

a. Overview, derivation of K-factor

b. Measurement Apparatus

c. Plot measure results on theoretical K-factor plots to determine value

d. Apartment, Corridor, Office Meeting Room

e. Summary of results

i. Apartment – LOS/NLOS 7/7 => correspondence to B-LOS/C-NLOS channel models

ii. Corridor – 17 (near), 10 (Far)/9 => NA/F-NLOS

iii. Office – 8/8 => D-LOS/D-NLOS

iv. Meeting room – 10/NA => DLOS

46. Channel Model discussion – Colin Lanzl; [doc. (11-03-0871r1)]

f. Review of Updates to document

i. Added model G, Stadium Model with 600 ms delay

ii. Shadow fading has been reduced from 10 down to 4-8

iii. Updated Table IIa

iv. Added Table IIb

v. ST Micro work (doc 11-03-831r1 )was added to Doppler shift chapter

vi. A detailed antenna correlation model for cross-polarized antenna was NOT included

g. Committee feels models are adequate for simulations and recommends adoption

h. Discussion

i. Stadium model based on SISO measurements of RMS delay spreads

ii. Add statement that Stadium model is based on limited measurements and SISO results

iii. Nothing about phase noise as it is not really a channel concern

iv. To get the MatLab model you must sign up on line with the University of Belgium; see link in doc.

v. Interference is also not part of the channel model because it ends up being a radio simulation model

vi. This document is a tool

vii. You can use your own code or the University of Belgium’s

viii. Is Stadium model out of scope?

ix. Straw Poll – Should the Usage cases (optional outdoor park and point to multipoint backhaul cases) that reference the “Stadium Model” be deleted from the Usage Cases, and should the “stadium Model” be deleted from the Channel Models?” (passed 73,4)

x. Motion – Updating Usage Model document by removing the two usages cases - optional outdoor park and point to multipoint backhaul – passed unanimously with no objection

xi. Given that the usage cases no longer exist the Channel Model document was edited to remove all references to the stadium model, model G. This became [doc (11-03-0871r2)].

xii. Motion by Colin Lanzl and seconded Nir Tal that the Task Group adopt the Channel models in [doc (11-03 871r2)] 

xiii. Debate:

1. Channel fading applies to whole channel

2. By removing stadium model is the PAR being violated? A-No

3. Does document dominate? A yes, not the Matlab code and correlation data

xiv. Main motion passed – (56,0,8)
xv. TG officially thanked Venko Erceg for all his hard work
xvi. Colin will give the doc a final check and give it a new title

xvii. .11n was recessed at 8:45 PM and FRCC ad hoc committee meeting was convened

1. FRCC ad Hoc Meeting

a. Agenda 

a. Appoint secretary

b. Fix usage models [doc. (11-03-802rx)]

c. Fix simulation scenarios

i. Note: fix time limit for a & b

ii. Note: Colin volunteered to fix channel model references in b with Adrian off line

d. No objection to limiting b & c to 2 hours

e. Discuss Functional Requirements (FR)

f. Discuss Comparison Criteria(CC)

b. Edit [doc. (11-03-802r3)] to yield (11-03-802r4)

a. Removed usage models 7&8 and simulation scenarios 8 per motion above

b. Review Mary Cramer’s changes for Large Enterprises

c. ACI will need to be handled on an case by case basis

d. Added frequency reuse (CCI) in Appendix 1

e. 2-D model (no elevation)

f. added CCI calculation proposed by Mary Cramer

g. Who thinks we should leave 2nd para. on ACI in usage model 4 or move it to comparison criteria (CC). Unanimous decision was to move it to the CC

h. In Usage Model 4, Large Enterprise has two versions

A - first section assumes 10 STAs were doing all classes of traffic (UDP and TCP)

B - second section assumes the 10 STAs divided the traffic among them

Note: this was a major difference between George Vlantis and Adrian Stephen’s simulations; George assumed situation ‘A’ above while Adrian assumed ‘B’

i. Straw Poll – remove the ambiguity in Usage Model 4 by removing the top half above the red note so that the Usage Model is based on the 10 STAs doing a selection of the applications as noted in the bottom half. Passed (38,2,6)

j. Each of the local file transfers is an offered load of 30 Mbps

k. Straw poll – should we close this topic and move on passed visually about 8:1

l. Straw Poll – should the Usage Model 4 be accepted was (Y18,N10, ?12) but it is a technical motion and therefore the motion fails

m. Meeting was adjourned for the evening

Wednesday, November 12; Morning 8-10:00AM

1. Meeting was convened by Chair at 8:09 AM

2. Announcements:

a. Channel Model doc. now renamed TGn Channel Models and renumbered as [doc. (11-03-940r0)]

b. 4 Mbyte limit in documents so, for large files try to convert to pdf first to compress document

c. Don’t forget to sign-in; if system goes down it will allow retroactive attendance sign-in

3. Return to FR&CC Special Committee meeting but NOT in an ad hoc mode so binding votes can be taken 

4. Return to edit 11-03-0802 r5; left off at Usage Model #4

5. Proposed changes by George Vlantis - 6 TCP traffic STA -> 4 STAs and 2 STA video conferencing STAs -> 4 STAs

6. Discussion:

a. All within a single BSS? A – yes

b. TCP traffic much harder to simulate than UDP traffic

7. Straw Poll – should proposal be adopted failed at (17,15) since it was a technical vote and therefore required 75%.

8. Discussion:

a. Commenters should caucus

9. Hot Spot Model 6

a. Also ambiguous

b. How to make unambiguous?

c. Motion – to keep top section of Usage Model 6 and delete the bottom half of Usage Model 6 by Adrian Stephens and seconded by John Kowalski

d. Debate offered; none taken

e. Motion passed (21,3,17)

10. Proposed Changes to Large Enterprise Model 4 were withdrawn by George Vlantis

11. Motion –accept Usage model 4 as edited yesterday (11-03-802 r4) moved by Adrian and seconded by Javier del Prado

a. Debate offered; none take

b. Motion passed (23,3,15)

12. Now all usage models have been adopted

13. Reviewed final edits to Usage Model [doc (11-03-802 r4)] in preparation for acceptance vote later in the day

14. Discussion

a. Need delay limit suitable for UDP traffic in Application 18? A - 100 ms was proposed by Adrian; Srini suggested 50 ms;

b. Straw Poll – Yes for <=50 ms and No for > 50 ms was (Y23,N9)

c. Straw Poll – should we use 50 ms passed (24,1)

d. Adrian Propose the Traffic type 21 be removed (point to point backhaul) was accepted unanimously

e. Ref. Usage Model 9 and corresponding traffic types; note that it references bands; suggested leave out .11b stations

f. Define legacy system at start of document as .11g stations in 2.4 band and .11a stations in 5 GHz bands

g. For mixed mode consider only .11a and .11g systems

h. Need a precise definition for legacy system

i. Edited note in Usage Model 9 to read “legacy system means 802.11a (i.e., without 802.11e and 802.11h amendments) in the 5 GHz bands and both .11b and .11g in the 2.4 GHz band

j. Straw Poll to strike .11b in note above passed (25,7)

k. Intent that STAs are on the same channel since only 1 AP

l. Straw Poll – should we have a regulatory domain statement in Usage Model failed unanimously

m. Motion – remove “both .11b and” from note in Usage Model 9 by Adrain Stephens and seconded by John Kowalski

n. Motion to amend text to add “operating at 54 Mbps” to both .11a and .11g references in the note by Javier del Prado and seconded by Amjad.

o. Motion to table main motion as amended by Adrian and seconded by Shrini; no debate allowed on motions to table and the motion requires a simple majority passed (20,0,4)
p. Discussion

i. consult with .19

ii. remove ‘common conditions’ table

q. Motion by Jeff Gilbert and seconded by John Kowalski to remove section called ‘Common Conditions’

r. Debate:

i. Contains valuable info so speak against

ii. Against since need something to simulate against now

iii. Question was called

s. Motion failed by visual count

15. Functional Requirements [doc.(11-03-0813 r4)] Discussion

a. Document was reviewed

b. What would happen if no single proposal met all FRs? Ruled ‘out of order’

c. Para. 1.1 made ‘Informative’

d. Para 1.2 appended ‘in clause’

e. Para 1.3 replaced para. by “Individual functional requirements may reference terms or metrics defined in the 802.11 TGn comparison criteria document [2] or the simulation scenarios defined in the 802.11 TGn Usage Model doc [3]”

f. Para 1.4 restructured as “Can be verified from an examination of the proposed submission or a reasonable simulation environment”; objection to ‘Should be relevant to one or more mandatory use cases in UM doc (TBD)’

i. Discussion – redundant?

ii. Straw Poll – remove ‘Should be relevant to one or more mandatory use cases in UM doc (TBD)’ passed (50,6)

g. Para 1.4 note ‘at the September TGn meeting, it was decided that this document should relate only to mandatory features of the proposal. Optional features, qualities, performances are considered in [2]’ was accepted without comment

16. Session adjourned at 10:00 AM until 1:30 PM this afternoon.

Wednesday, November 12/03; 1:30 – 3:30 PM

17. Chair called the meeting to order at 1:41PM

18. FR Clause 2 Discussion started

19. Adrian noted that the FR document only contains MANDATORY requirements

20. Discussion on FR Table entries which the secretary is numbering herein as they are discussed

a. #1 Single Link High Rate Supported

i. Should a range number be retained at all

ii. FR doc is a Y/N document and the CC doc will reflect detail requirements such as range

iii. Range is fundamental and should be retained

iv. There must be a minimum

v. Straw Poll – do we keep the range spec in this FR? (Y=38, N=34)

vi. Lack of consensus noted

vii. Should indicate “mandatory” usage models defined in Usage Model document”

viii. We don’t have a usage model that is a single link

ix. Therefore let’s remove this requirement

x. Terminate statement after MAC and not have any range constraint

xi. Eliminate ‘single link’ adjective

xii. Too complicated since multiple parameters required (usage models, channel models, range)

xiii. Straw Poll – should there be a 100 Mbps requirement anywhere in the FR passed (98,2)

xiv. Straw Poll - Should 100 Mbps be measured at the top of the MAC SAP passed (99,5)

xv. Straw poll - Should the 100 Mbps figure be measured in the context of a single link unidirectional (73) or an existing simulation scenario? (9)

xvi. Straw Poll - Should we define a usage model for a single-link unidirectional data flow? (Y=51, N=25)

xvii. Model A was specifically defined for evaluation purposes, could we use it?

xviii. Proposal to separate link and range into separate requirements

xix. Straw Poll – Supports a single link of 100Mbps at the top of the MAC Data SAP measured in the context of the simulation scenario TBD passed (40,9)

b. #2 Straw Poll – Should it read “The single link high throughput rate measured in FR1 is met at a range of 15m.” (withdrawn) 

i. Discussion was tabled until simulation scenario defined

c. #3 WFA input – Supports a point to point throughput of 10 Mbps at the top pf the MAC at a range of 100m (TBD) for channel models (B,C,D-TBD) defined in [4]

i. Discussion

1. Let’s move to comparison criteria was accepted without opposition

d. #4 Continuous coverage of high throughput range and 10 Mbps range should be at least 95% (i.e., maximum of 1 out of 20 stations within range specified may have to accept lower throughput; also provides for mobile stations and movement in the environment)

i. Discussion 

1. Let’s move to comparison criteria was accepted without opposition

e. #5 Supports BSS (1 AP, 1 STA) operation with throughput of 100 Mbps at the top of the MAC at the range of 15m (TBD) for channel models (B,C,D-TDB)defined in [4] and in the presence of two other APs operating on the same channel each within 15m of the AP under test (small enterprise)

i. Discussion

1. Not achievable

2. Straw Poll

a. Assign to further discussion on FRCC teleconferences (5)

b. Should just delete or ask WFA to resubmit (51)

c. Should just move to CC (5)

f. #6 “Backward compatibility with existing 802.11 devices and software such that the current MAC-SAP functionality is retained”

i. Discussion

1. 802.11 only defines interfaces

2. modified as “Backward compatibility with existing 802.11 architectural interfaces such that the current MAC-SAP functionality is retained”

3. Straw Poll – approve #6 as modified (32, 13)

g. #7 Point-point throughput at 100 Mbps shall be met using a 20 MHz channel in at least one of the modes of operation

i. Discussion:

1. Accept

2. Why not define a usage scenario as we did for #1

3. Modify as follows “Point-point throughput at 100 Mbps as measured by the 20 MHz throughput/range comparison shall be met in all the modes of operation”

4. Straw Poll – “All modes of operation operate in a single 20 MHz channel?” (Y=23,N=65)

5. Straw Poll – Proposal supports an optional or mandatory mode of operation that supports 100 Mbps in a 20 MHz channel? Passed (84,13)

21. Meeting adjourned at 3:30 until 4:00PM.

Wednesday November 12/03; Late Afternoon 4:00 – 6:00 PM

22. Chair reviewed the FRs that were used for .11g and noted that there were 10 in total

23. Chair reviewed the CC that was used for .11g and noted that there were 34 in total

24. #8 Protocol supports .11j 10 MHz channels

a. Discussion

i. Straw Poll – do we require a proposal to support a mode of operation that is compatible with .11j 10 MHz channels failed (Y12,N69)

25. #9 The protocol supports 2.4 GHz ISM and 5 GHz UNII bands

a. Discussion

i. Straw Poll – do we require all proposals to specify a mandatory or optional mode of operation using the 2.4 GHz ISM band (Y42,N45)

ii. Since no consensus this cannot be a FR

iii. Straw Poll - do we require all proposals to specify a mandatory or optional mode of operation using the 5 GHz bands (including those specified by .11a)? passed (Y92,1)

iv. Should be go back to the PAR and 5C? No by visual response

v. #9 was edited to “Protocol supports 5 GHz bands (including those supported by .11a)”

26. #10 Protocol provides options that allow low-cost lower performance variants and high-cost higher performance variants or alternatively protocol provides options that allow performance and cost trade-offs for different modes of operation.

a. Discussion

i. Remove #10 was adopted by unanimous consent

27. #11 The protocol defines a mandatory or optional mode of operation in which .11n STA can communicate with a legacy .11b AP

a. Discussion

i. Since it is optional let’s make it a comparison criteria

ii. Let’s just reuse the PAR language which is “Some of the modes of operation defined in the proposal shall be backwards compatible and interoperable with 802.11 and/or 802.11g” 

iii. “If it supports 2.4 GHz Some of the modes of operation defined in the .11n proposal shall be backwards compatible and interoperable with 802.11 and/or 802.11g”

iv. Straw Poll – vote on combined form (as currently in PAR) or as two separate statements (Combined 26, Separate 35)

v. Straw Poll – “backwards compatible with” means “supports all mandatory modes of operation?” (Y54,N2)

vi. Straw Poll - Some of the modes of operation defined in the proposal shall be backwards compatible and interoperable with 802.11a (Y77,N1)

vii. Straw Poll - If the protocol supports 2.4 GHz some of the modes of operation defined in the .11n proposal shall be backwards compatible and interoperable with 802.11g (69,9)

28. #12 A HT STA including the AP can communicate directly with a legacy .11b/g STA and /or .11a STA (depending on the frequency band of operation) in both BSS, managed by a HT or legacy AP, and IBSS modes

a. Discussion

i. No objection to deleting the requirement since it was covered by #10 and #11

29.  #13 .11b BSS compatibility was removed similarly

30.  #14 11g BSS compatibility was removed similarly

31. #15 11a BSS compatibility was removed similarly

32. #16 11b STA compatibility was removed similarly

33. #17 .11g STA compatibility was removed similarly

34. #18 11a STA compatibility was removed similarly

35. #19 11b IBSS compatibility was removed similarly

36. #20 .11g IBSS compatibility was removed similarly

37. #21 .11a IBSS compatibility was removed similarly

38. #22 Activation of legacy CSMA/CA MAC procedures are user controlled

a. Discussion

i. No problem moving to CC

ii. Intention – to allow an IT manager to program the devices

iii. Alternate wording proposed – “A .11n HT AP can be configured to reject or accept associations from legacy stations because they are legacy stations” passed (Y49,N17)

39. #23 All HT STA shall support the channel access mechanisms provided by .11e

a. Discussion

i. Must support this to do simulations

ii. Alternate wording “No HT STA shall inhibit the 802.11e QoS functionality”

iii. Straw Poll – “All HT STA shall support the channel access mechanisms provided by .11e” (Y52,N30)

iv. Chair interjected that all FR will require 75% support

v. Straw Poll “The proposal shall permit the implementation of 802.11e options within a .11n STA” (Y70,N6)

40. Meeting adjourned at 5:58 PM until tomorrow morning at 8:00 AM

Thursday November 13/03; 8:00 –10:00 AM

41. Elections for Channel Model and FRCC Special Committee Chairs

a. Motion – Whereas the Channel Model Special Committee has completed its work and TGn Channel Models have been adopted in Document 11-03-0940, move to dissolve the Channel Model Special Committee by Colin Lanzl and seconded by Eric Jacobson passed unanimously (39,0,0)
b. Chair nominated Adrian Stephens as chair of the Channel Model Special Committee;

c. Adrian was elected unanimously

42. Meeting returned to the resolution of the Functional Requirements and was chaired by Adrian Stephens

43. Adrian decided to discuss the Simulation Scenarios chapter in the Usage Model [doc. (11-03-802r5)] and the need to add a simulation scenario #16 to simulate the first functional requirement dealing with 100 Mbps data rate; Adrian removed the word informative for that chapter; Adrian and Colin reviewed the edits to the Simulation Scenarios chapter which were made to reflect the final Channel Model document. Adrian put [doc. (11-03-802r5)] on the server.

44. Returning to Functional Requirement [doc. (11-03-813r5)]

a. #24; Proposal does not redefine mechanisms in the baseline that does not pertain to higher throughput

i. Discussion:

1. Does not belong in FR

2. Straw Poll – (Y14, N17)

3. No consensus so it will be removed

b. #25; Spectrum Efficiency; Adrian requested the PAR be put on the screen; appropriate language from the PAR “In order to make efficient use of scarce spectral resources in unlicensed bands, the highest throughput mode defined by the HT amendment shall achieve a spectral efficiency of at least 3 bits per second per Hertz for the PSDU. ….

i. Discussion:

1. Do we have a requirement for spectral efficiency?

2. Yes and it is covered appropriately in the PAR

3. Should explicitly state the spectral efficiency?

4. Straw Poll – Should we have a FR relating to spectral efficiency? (Y66,N1)

5. What should content of FR be? Current wording is taken from the PAR and is “the highest throughput mode defined by the HT amendment shall achieve a spectral efficiency of at least 3 bits per second per Hertz for the PSDU.”  This was accepted unanimously.

6. Should we set the bar as in the PAR or should we raise the bar?

7. You may use higher modulation orders in lowest BW channel but the highest throughput (TP) might actually be achieved in a higher BW channel using lower order modulation.

8. Straw Poll – “the highest throughput mode defined by the HT amendment shall achieve a spectral efficiency of at least 3 bits per second per Hertz for the PSDU.” Passed unanimously(Y73,N0)

c. #26; Fair Sharing; 

i. Discussion

1. Tough to do as a FR

2. Adrian believes a suitable definition can be achieved and sighted it is the CC

3. Like range discussion so let’s leave it to the CCs

4. Straw Poll – “Given that we can achieve a suitable definition of fairness, should we have a FR that mandates fair sharing of the medium with legacy BSSs” (Y14,N51)

5. Fair Sharing was removed

d. #27; Increased range for current rates:

i. Discussion:

1. Whole issue of range is without consensus and therefore should not be an FR

2. Ranges for legacy systems are ill defined so we should not try and make a FR out of range

3. Straw Poll – “Should the FR require increased ranges in its modes of operation that match (or come close to) existing rates?” (Y17,N39)

4. Increased range was removed

e. #28; Fair Medium Sharing was removed unanimously because it has been considered as #26

f. #29; Power Management

i. Discussion:

1. Should be removed because it was covered in the QoS discussion yesterday

2. How could we prove support for existing power saving modes

3. Straw Poll – Should we have a FR relating to support for existing 802.11(+e) power-saving modes of operation (Y0, N42)

4. Power Management FR was removed

g. #30; Regulatory; The protocol provides signalling of any constraints on modes of operation specific to regulatory constraints due to geopolitical or regional regulations

i. Discussion:

1. Beating a dead horse since regulatory is already supported in our baseline document

2. Should we be building standards that are illegal anywhere in the world?

3. Straw Poll – If the proposal introduces any new regulatory dependencies it shall also define the mechanisms to comply with them” (Y16, N12)

4. No consensus so it stands a strong chance of being removed

h. #31 Regulatory Compliance; All HT operating modes shall be compliant with current and emerging regulations affecting 802.11 products

i. Discussion:

1. Should be anticipatory of migrating into news bands

2. How can this, the future , be tested

3. Does it really apply to all countries? E.g., Namibia, Japan?

4. Insuring we are able to work with new spectrum

5. Should we be defining any modes that are illegal in any of our proposed markets?

6. WFA intended this comment to relate to only major markets such as European Union, North America, Japan, Korea, Japan , China

7. Silly to put in FR since untestable

8. Straw Poll – “All HT operating modes shall be compliant with current regulations affecting 802.11 products in the following specific regulatory domains: EU, NA, Japan, Korea, China” (Y15,N62)

9. Regulatory compliance will be removed

i. #32; Anticipating new Spectrum; Proposal shall not prevent use of future bands provided regulations using those bands are consistent with regulations for which .11a/.11g is currently deployed.

i. Discussion

1. Identify any known non compliance may be identified

2. How do you show compliance

3. Base assumption is flawed

4. Simply put should be possible to accommodate new spectrum

5. We did not do it in.11a and so now we have to do .11j and delay product introduction

6. Straw Poll - : Anticipating new Spectrum; Proposal shall not prevent use of future bands provided regulations using those bands are consistent with regulations for which .11a/.11g is current deployed.” (Y1, N54

7. Anticipating New Spectrum was removed

j. #33; Universal Use; “Proposals shall be legal in major markets in the world”

i. Discussion

1. Should we be defining any modes that are illegal in any of our proposed markets?

2. Different from previous FR since it had the word ‘All’”

3. Proposal shall explicitly state which regulatory requirements the proposal complies with

4. Hard to tell without actually submitting equipment for compliance testing especially in the US

5. Should be a CC

6. Intent was to weed out clear violations

7. Straw poll –The proposal shall be legal in major markets in the world” (Y19, N61)

8. Universal Use was removed

45. Meeting was recessed at 10:00 until 10:30AM

Thursday November 13; 10:30AM-12:30 PM

46. Adrian – proposed using the remaining time as follows - let’s finish discussion on FRs (only one remains); discuss marginal FRs; attempt to approve doc and if not then handle on conference calls between now and January meeting; members agreed with the agenda.

47. Returned to Usage Model doc 11-03-802r5; vote will be on whole document.

a. Discussion:

i. Does it include common conditions? A – Yes

ii. Then will vote against

iii. How about adding the following note: “11-03-888r2 describes issues with the specification of the simulation conditions that have yet to be addressed as of r6 of this document”

b. Motion – by Adrian that [doc. (11-03802r6)] be adopted as the updated Usage Models for IEEE 802.11n seconded by Colin Lanzl

i. Debate

1. How can we do this given it is incomplete, ?

2. Helps to go forward with simulations

3. There are TBDs

4. One normative TBD – point to point link rate test in #1

5. Procedure question – if we do this now can we change it later? A – yes

6. Motion to table by John Kowalski and seconded by Steve Halford; non debatable, simple majority passed (34,3,10)
c. Interjection – Colin has reformatted Channel Model document

d. Motion to adopt [doc. (11-03-0940 r1)] as the official Channel Models for IEEE 802.11n by Colin Lanzl and seconded by John Kowalski passed unanimously 

e. Final FR, #34; Baseline; The protocol builds on the specification defined in 802.11 ..

i. Discussion:

1. Straw Poll – Should we have an FR that describes the baseline standard upon which HT is built? (Y6, N18)

2. What does build-on mean? A – same as it meant in the PAR

3. Propose language in the PAR

4. PAR is clear so why do we need an explicit FR? A – so we can have a single document to compare proposals against.

5. Need a crisp definition

6. PAR language is – “The scope of the MAC and PHY enhancements assume a baseline specification defined by 802.11 and its amendments and anticipated amendments a, b, d, e, g, h, i and j. The enhancements shall be to support higher throughput. The amendment shall not redefine mechanisms in the baseline that do not pertain to higher throughput.”
7. Straw Poll – The proposal complies with all the mandatory requirements of the PAR [5] and 5 Criteria [6] passed (Y71,N0); relabelled Compliance to PAR.
48. Are there additional FRs that we may have missed???????
49. How are applications reflected in the FRs and CCs; A – As stated in Selection Procedure - must meet FRs but need only address CCs
50. Straw Poll by John Kowalski to add a FR that the Proposal shall support the mandatory 802.11n Usage Models (Y38, N26)
51. Added an FR – “Support of .11n Usage Models”
52. Now, comb FRs to find which ones do not meet the 75% threshold; Adrian put [doc. (11-03-813r6)] on the server
53. Are any FRs ambiguous?
54. Yes – HT rate supported in 20 MHz channel needs to be redefined
55. Straw Poll – “Proposal supports at least one mode of operation that supports 100 Mbps throughput at the top of the MAC SAP in a 20 MHz channel” was accepted unanimously
56. Adrian proposed combing FRs using Straw Polls with voting members only and NO debate; if 75% is not achieved than that FR will be removed; received unanimous consent;
a. Single Link HT rate supported (40,8)

b. Single link HT rate supported at specified range (18,20) fails

c. SAP Compatibility (29,12)fails

d. HT rate supported in 20MHz channel (45,5)

e. Supports 5GHz bands (48,0)

f. .11a backwards compatibility (48,1)

g. .11g backwards compatibility (50,0)

h. Control of support for legacy STA from .11n AP (33,9)

i. .11e QoS support (Rahual Proposal) (34,15) fails

j. .11e QoS support (John Kowalski Proposal) (39,0)

k. Spectral Efficiency (53,0)

l. Regulatory (14,29) fails

m. Compliance to PAR (56,0)

n. Support of HT usage models (31,21) fails

57. [doc. (11-03-813r7)] was uploaded to retain a copy of the votes

58. A new clean revision, [doc. (11-03-813r8)] was created and uploaded

59. Adrian reviewed surviving FRs

60. Motion by Adrian Stephens to adopt [doc (11-03-813r8)] as the official IEE 802.11n Functional Requirements was seconded by Colin Lanzl;

a. Debate:

i. Not enough time

ii. Still has a TBD

iii. More of a compatibility document than a Functional Requirement

iv. Poor timing

v. Motion to table main motion by Ralf de Vengt and seconded by Steve Halford is non debatable and requires a simple majority passed (33,10,18)

61. Teleconferences scheduled biweekly Nov 18, Dec 2, Dec 16, Dec 30
62. Next 802.11n session is Jan 12-16, 2004
63. Straw Poll – Would you be in favor of changing the CC to weekly; failed.
64. Straw Poll – Should Dec. 30 meeting be replaced by one on Jan. 6, 2004 passed unanimously.
65. Conclusion – Teleconference calls will be held on Nov 18, Dec 2, Dec 16 and Jan 6 2004; details will be on reflector.
66. Meeting and Session was adjourned at 12:30 PM
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