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Abstract

This document contains the cumulative minutes of the Simulation Methodology Special Committee.

1. Minutes of the 802.11n Channel Model Special Committee Teleconference Call on

February 5, 2004

1.1. Call to order (8:00AM PT) and welcome from chair.

Chair: Jeff Gilbert.

1.2. Appointment of secretary for the meeting
Secretary: Colin Lanzl.

1.3 Attendees:

Jeff Gilbert

Qinfang Sun

Huanchun Ye

Ardavan Tehrani

Colin Lanzl

Adrian Stephens

Xiaolin Lu

John Sadowsky

Joseph Muller

Bobby Jose

Hujun Yin

Khaled Amer

David Bagby

Atul Salhotra

Bruce Edwards

Stan Skafidas
Ben Jones

Charles Wright

Paul Feinberg

John Ketchum

Bruno Jechoux 

Hervé Bonneville

Pieter-Paul Giesberts

Isabella Modonesi
Dannielle Tadas

George Vlantis

Stefano Valle

Jim Tomcik

Rahul Malik

Hemanth Sampath

Mineo Takai

Syed (Aon) Mujtaba 

Muhammad Z. Ikram

Bruce Kraemer

1.4 Review Agenda

1. Appoint secretary 

2. Review and approve agenda

3.      Discuss goals and overview of Simulation Methodology Ad Hoc

4.      Discuss approach to obtain desired results by the March 2004 session

5.      Use remaining time to discuss overviews of particular approaches

    
Time to be divided equally between those with approaches to discuss

    
If possible please submit documents describing the approaches to

    
the server and send a note to the reflector.   For the first call it is

    
likely that some approaches will be supported by documents and

    
some will not. (Though it will will make it easier to describe approaches

    
with limited time if there are supporting documents.)   

6. Plan for next call

Comment: suggested emails to chair on documents to be presented.  Chair responded that this is a good idea – allow members to announce documents so others can get them off the server. Will announce this just before item 5.

1.5 Agenda Adoption
Agenda adopted by unanimous consent.

1.6 Goals and overview of simulation methodology special committee

11-04/170r1, Jeff Gilbert, Atheros

Need unified modeling of PHY error rate in MAC/System simulations.

SC chartered through March plenary to define a PHY-MAC interface to be used in MAC simulations;


May be extended by TGn vote;


TGn will decide by vote whether mandatory or optional.

PHY / MAC interface can dramatically impact results:


Time-varying channel creates time-varying PER;

Challenges to properly model PHY for MAC, keep flexible for different proposals, keep sim effort reasonable;

Goals



Allow fair comparison of MAC/system results, 


Facilitate verification / cross-checking of results.


Possible other goals:



Ease merging,



Simulate MAC-only with known PHY.

Risks of not specifying abstraction:

Without common interface, results could depend on sim method, rather than proposal differences.
Some PHY abstraction work already started:


Black-box PHY methods-



Use full accuracy of PHY sims w/ rate adaptation;



Tight coupling of channel & PHY models, looser coupling w/ MAC;



11-04/172.


PHY integrated into MAC methods-



Parametric version of PHY incorporated in system sims;



Looser coupling of PHY & channel, tighter coupling w/ MAC;



11-03/863.

Channel Capacity to determine PERs-



Markov model for channel capacity mapped to PERs (per-rate PERs);



11-04/64.

1.7 Approaches to deliver proposed Simulation Methodology candidates by March

May not be able to define a single methodology: if not, present 2-3 at the March plenary;

All members of special committee encouraged to provide positive feedback to improve approaches.

Only 6 weeks left before March: 
all teleconference calls will all be at 8AM PT.  

Dates:


February 5, 2004


February 19, 2004


March 4, 2004.

This call:  
Discuss goal of group, overviews.

Next call:
Specific proposed methodologies posted on server w/ email to reflector by Feb 16.

Third call:
Proposals to be presented posted by Mar 1.

Question: focus on PHY/MAC or on interface at or above MAC?

Chair: only PHY/MAC interface.

Comment: need list of requirements before jumping directly into methodologies, need to reach basic agreement on things that need to be modeled in this interface (features of MAC/PHY interface required to be presented in proposals).

Chair: there are two issues:

deriving a set of requirements; 

requirements can drive common methodologies.

Good idea to determine the requirements now but in the interest of time, this should be in parallel with methodology discussions.  Asked for some suggestions from commenter and callers on methodology requirements.  

Comment:


Need accurate model of bit errors;


Need to accurately track Doppler;


Need to accurately track effects of rate control;


PHY model needs to incorporate accurate models of impairments. 

Comment:


Multi-channels (MIMO) –independently varying PER on each channel;


Losing packets on only one channel in multi-channel environment; 


Possible solution might be fragmentation across channels.


Need flexibility to deal with this kind of system.

Chair:


Agrees with first and second commenters

Comment: 


Assign some time on next call, organize and discuss 

Chair: 


Get input now, incorporate into 11-04/170, get postings, discuss at next meeting.

Comment:


Discuss these during proposal presentations.

Chair:


Agreed, but can generate a list, useful by itself.

Comment:


MAC simulation tools, what should be used?

Chair:

Straw poll, but we shouldn’t mandate any particular tool, most people have already chosen and don’t want to change.

Comment:


Teleconference line is very noisy, only getting about 50% of the conversation,


Can we all drop and re-connect to try to solve?  

Chair:


Agreed, everyone drop off and call back in a minute.

{Done, significant improvement.}

Chair:


Users of MAC sim tools: if willing, send Colin email on tools, we’ll tablulate in the minutes.

We will take an informative straw poll on sim tools whose only goal is to elicit information from those members willing to offer it to those members interested in using it, at the next meeting.


If there are any more thoughts on this topic, send them to the reflector.

Comment:


Expressed concern last meeting: how necessary is it to standardize the MAC/PHY interface?


MAC/PHY is part of one system;


Any standardization of interface is going to be unfair to someone’s proposal;


Unlike PHY sim / impairment, that can be done, and is handled well in current CCs.

Chair:


Methodology will be put to a vote for mandatory / optional;


Not too late, not ignoring objections.

Comment:

802.17 found it helpful but painful to come to agreement on parameters to be used and output to be presented; 


Effort was hard, but valuable.

Comment:

Agree w/ both previous commenters, much more worthwhile to address parameters and output rather than to try to standardize a MAC/PHY interface

Chair:


We’re chartered to TRY to standardize MAC/PHY interface:


Let’s press forward as best we can.

Comment:


Between now and next call, requirements can be captured, along with objections.


Suggests commenters write presentations, submit to reflector by next meeting.

Comment:


Votes here will indicate whether can do MAC/PHY standardization at all.

Chair:


Will push forward for standard interface, will vote in TGn for optional / mandatory

Comment:


Is there another email mechanism for communication? Separate email lists?

TGn Chair:


We can only use the 802.11 reflector. 802.11 rules do not permit any other mechanism.

Chair:


Any comments not related to approaches?

Comment: Use examples to validate MAC/PHY interface.

Comment: Don’t want to lose flexibility on technology, don’t want to eliminate something.

Chair:


Agreed.  Should list types of approaches in proposals: 

Asked for types of technologies we should be aware of when considering methodologies. 

Comment: 


Closed-loop techniques;


PHY / MAC interact;


Choosing appropriate modulation / coding rate based on Rx metrics;


Likely that we have more knobs to twiddle in high-throughput -  



Mutilple spatial streams;



Beamforming;



MIMO.

Decisions get quite complex, if done in MAC, needs knowledge of what goes on in PHY;


If standardizing MAC/PHY interface, how do we standardize this behavior?

Comment:


Algorithms may be proprietary and might not be disclosed in advance of the proposal.

Chair:

Concern about rate adaptation: method is up to proposal, but methodology must have uniform way to specify control of PHY.

Comment: 


Captures only part of concerns (25%);

If we come up with model that is not realistic, and a snazzy proposal has a clever way that does not fit with the PHY / MAC interface, may disadvantage;


Simplistic PHY/MAC proposal does not have that disadvantage.

Chair:


Can we get specific?

Comment: ABL in closed-loop system:


Proposal senses channel info, returns to Tx and optimizes;


Compare to system w/ no feedback, flat rate;


If we have a methodology that could bring out these differences, adequate?

Comment:

Throughput depends on overall system performance;


Any choice of PHY/MAC interface will be biased, unavoidable;


Proposers need to make their case: algorithms, simulation methodology, results



If they don’t disclose algorithms, methodology in results, can be discounted in TGn.


Up to individual proposers need to make their case;


Why do we need to tie their hands?

Chair:


Need to keep away from this discussion: we’re chartered to do this work

Comment:


These efforts were straw polls, 


One option for this SC is not to standardize.

Comment:


We’ve been down this in January: voted to start this work, we need to propose something.

Chair:


We need to proceed to next point in discussion.


Back to listing technologies that might show up in proposals:



ABL closed loop systems w/ more coding rates;



Spatial division multiple access;

Beamforming.

Comment:


SBD systems: beamforming to single device: fewer spatial streams than Tx antennas;


Also point nulls at interfering stations;


AP could transmit to multiple stations simultaneously.

Comment:


LDPC / advanced coding methods.

Chair:


Adaptive Bit Loading (ABL);


Beamforming gains;


Spatial Division Multiple Access (SDMA) nulling;


Low Density Parity Check (LDPC) / coding methods;


Multiple-Input, Multiple-Output (MIMO) / multiple streams;

Comment:


Question on beamforming: Bit-by-bit modeling at PHY?

Response: 

No, describe mode PHY is in (may be a large number of modes), characterize that as a function of observed characteristics in a channel, build parametric description of PHY.

Chair:


Send notes to reflector on this.

1.8 Some Approaches (so far)

Chair: 


Move on to overview of proposed methods.


List, divide time evenly, hard time limits on proposal description, 802.11 documents if possible.


11-03/0863r0 John Sadowsky


11-04/0064 Stefano Valle


11-04-0174 John Ketchum 


11-04/0172 Jeff Gilbert


12 minutes apiece.

11-04/863r0
John Sadowsky

Already presented, summarized in Vancouver.

Addresses items mentioned by commenters: accurate model for PER, Doppler, can include rate control, will include PHY impairment models.

Add to list of requirements: will do a good job capturing frequency selective, time varying interference.

Calculate PER by symbol error probability at Viterbi output.


Stream of soft metrics into Viterbi Decoder by OFDM symbols;


Frequency selective channel maps to SNRs at output of demappers;


Q-function reduces to raw BER, get average raw BER, from that, symbol BER.


Suspect that channel capacity is better indicator.

Fundamental predictor function is at input of Viterbi decoder.

Captures MIMO / beamforming/ SDMA:


Calculate channel matrix, SNRs at output of equalizer.

Simulation results were presented, get similar result for capacity model, SISO was used as worst case.

Includes whole channel model (TGn approved channel model), could be simplified:


Capturing frequency selectivity, time variation, Doppler.

Question: don’t understand methodology: how is this being done?

Response: slide 11: standardize Viterbi decoder by symbol predictor function, 2 sets of constants for each code rate;


Also tied to particular channel model;


Part that gets standardized is very small.

Questions on constants: for every coding rate and channel ?

Response: No, only coding rate;

Decoupling between decoder performance and signal processing before decoder;

Reduces complexity.

Question: what is compressor funcition?

Response: demapper output SNRs, for each soft metric, get raw BER, use average; alternative is to use average channel capacity

Question: compressor function does decoding?

Response: decoding model is last element on slide8, input to simple predictor on slide 11.

Comment; Will continue this discussion in email.

Question: what is outcome of process? Probability of average symbol error?

Response: Yes, average OFDM symbol error rate, but extracted to average packet error (slide 4).

Question: How to account for variability of PER?

Chair: Time is up, take further discussion to the reflector.

11-04/64r0
Stefano Valle

Slide 3 presents the methodology.

Instantaneous capacity value leads to instantaneous packet error rate.

Error packets highly correlated to low channel capacity.

Main problem is to generate stochastic process that represents channel capacity.

Use birth-death Markov chain.

Characterize transition probability of channel capacity.

Use look-up table of PER versus SNR versus channel capacity.

Metrics: PER, average burst error length (ABEL), standard deviation of burst error length (STDBEL).

Markov chain of 10-20 states is sufficient to match statistics.

Once have channel capacity, get ideal PHY behavior for free, useful for MAC-only proposal.

Question: how to implement ABL, coding techniques, modulation techniques?

Response: implementation straightforward: generate proper look up table, switch between tables.


ABL simulation tricky – continuous rate adaptation, still studying;


Channel capacity modeled stepwise, might need to match with ABL characteristics.

Question: slide 20: matching PHY behavior with Markov model – PER, ABEL, STDBEL, conclusion is to use capacity steps of 2Mbps, refinement – number of Markov states needed?

Response: order of 20, maybe 30: depends on number of antennas, capacity increases with antennas; expect no more than 30.

Question: if restrict to ABEL and PER, does this reduce the number of Markov chains?

Response: Yes.

11-04-0174r0
John Ketchum 

Approach is to use TGn channel models to generate for each frame a specific channel realization.

Using metrics from receiver, determine packet error probability, still studying several candidate methods.

Modeling signaling with rate control.

Details of how this works are specific to PHY design and to coupling between PHY and MAC.

Downside of this approach is computational load: requires realization of channel model per node-pair in a simulation scenario, memory can be a problem, but is feasible.

Built under NS, using for system simulations.

Question: How do you get PER from metrics?

Response: Bit log likihood ratios, correlation in forward and reverse links.

Question: metrics at input to Viterbi decoder – generating random variables that represent soft metrics, instead of SNR statistics of those metrics?

Response: Calculate some function of SNRs in simulation; details may be different from Sadowsky’s proposal; suggests that proposers just need to describe how they do this rather than specify the function.

Question: How to incorporate PHY impairments (for example, pilot tracking)?

Response: Link-level simulationss provide SNRs (like everyone else), they incorporate the impairments.

Question: Thought SNR was not right way to model MAC behavior..?

Response: No: at Rx must derive metric, specific to channel realization and Rx processing, “post-detection SNR”.

Chair: Time is up, take further discussion to the reflector.

11-04/172r0
Jeff Gilbert

Seems that the difficulty is incorporating PHY rate adaptation to multi-node system simulations.

Split the effort into two parts:

single point-point sim including rate adaptation;

multi-node system sim that is less detailed.

Black-Box PHY abstraction methodology.

Model PHY with table-driven black box - 



Incorporate rate adaptation into PHY model;



Use PHY model as-is;



Requires approximations at PHY-MAC boundary;



Channel variations included:




Micro-variation - 





Packet to packet, affecting rate adaptation.




Macro-variation - 





Channel variation over long time scales;





Accounts for outage statistics.



Statistics of PER per representative channel.

MAC simulations use table data to generate random macro variation (PHY handles micro variation).

Co-channel and adjacent channel need to be modeled independent of MAC.

Collision effects in MAC result in packet losses but don’t affect rate adaptation.

Channel variation is present but not exact.

Question: Number of channel realizations needed: 10K?

Response: Balance needed, telephone interference garbled response.

1.9 Next Call

Chair: For the next call: email on comments on proposals.

Comment: Can chair allocate discussion time in next meeting on requirements?

Chair: Sure, in parallel.  Will set slot of 10 minutes at next meeting, it will be in the announcement email before the next meeting.

Comment: looks like proposals are converging, need to read each others proposals and comment at the next meeting.

Chair: Use the reflector, bring ideas in two weeks.  

1.10 Tools Reported

Opnet  (2)

MLDesigner  (1)

NS-2.26 (2)
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