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There were 2 teleconferences in August 2002 for the 802.15 Study Group 3a Channel Model Sub-Committee following the initial meeting in Vancouver in July.  There are four areas of information captured for each of these calls (attendees, discussion summary, action items and detailed minutes).  The section titles listed below are hyperlinked into the document for ease of access.
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DETAILED MINUTES
TUESDAY, 8/6/02:

Attendees:

1. Naiel Askar

2. Anuj Batra

3. Stan Bottoms

4. Anond Dubak

5. Jeff Foerster

6. Jeyhan Karaoguz

7. Andreas Molisch

8. Marcus Pendergrass

9. Jim Richards

10. Glyn Roberts 

11. Rick Roberts

8/6 Telecon Summary

Agenda Highlights:

· Goals: energy capture, ISI/ICI (equalizer requirements), performance degradation in AWGN environment (link margin), RMS delay spreads
· Channel model characteristics: excess delay spread, number of paths, amplitude distribution

· Expectations on use: number of realizations

· Next steps
Concern expressed about asking potential vendors for differentiating design features.

Do not want proposers to have to be too specific but enough for comparison purposes.

Useful to separate between implementation choices.

Proposer could give performance and complexity statements.

Given the difficulty in comparing first pass proposals for 15.3, SG3a may have to ask for more info after the first pass.

3 primary parameters established:

· RMS delay

· # of paths above 10 dB threshold

· Power Decay Profile

Average 100+ channel realizations for PER or BER testing.

Next steps:

· Start using the s-v model and assess appropriateness

· Dates for channel model discussion in Monterey (Tuesday, 9/10, 1-3, 3:30-5:30)

Action Items (8/6):

Owner
Action

Jeff
1. Generate a paragraph describing how proposers should respond without disclosing proprietary information.

2. Send matches to reflector when all 3 sets are available.

Marcus
1. Provide details on how paths were counted.

2. Summarize and resend means and standard deviation data.

3. Make proposal for power decay profile.

DETAILED MINUTES:

Start Time
End Time
Contributor
Notes

10:06 AM
11:41 AM

TELECON, 8/6 (times are central time zone)

10:06 AM
10:07 AM
Stan Bottoms
ROLL CALL

10:07 AM

Jeff Foerster
CONVENE SESSION; review goals and assure everyone is on the same page



Jeff Foerster
# 2 (of agenda):

energy capture, isi/ici (eq requirements,) perf deg in AWGN environment (link margin), rms delay spreads



Rick Roberts
overall list good, big concern about asking potential vendors for differentiating design features such as complexity of rake,

would not state how many taps and how they are set (would be reluctant to give information)

might be better after downselect to establish details



Jeff Foerster
performance in multipath channel, how many gates, die area, how does it compare to viterbi decoder



Rick Roberts
that would be good, establish fundamental baseline and provide complexity estimate (I.e. 1 finger rake, isi profile consistent with channel model, if it gets into multiple finger rake details won't likely be made available)



Jeff Foerster
don't want proposers to have to be too specific but enough for comparison purposes



Rick Roberts
example from 802.11b, controversy on isi equalization (not required to implement standard but better performance)

rock bottom implementation with rock bottom price not comparative in performance to cadillac version



Jeff Foerster
useful to separate between implementation choices



Rick Roberts
adsl comparison, gravitate to eq model that cleaned up isi at cost of additional noise (baseline reference was DFE)



Jeff Foerster
this is not necessary for this discussion, leave it up to proposer to state performance gain

need statement in channel model to state what level of complexity is required

ai: paragraph describing how proposers should respond without disclosing proprietary



Jeff Foerster
level of energy capture associated with performance degradation 

parse it to 3 items (eq requirements, perf deg from WGN (impact on link budget for typical), extensibility of various environ (LOS, NLOS, 4m, 10m…)

comments on the 3 items?



Anuj Batra
confused on eq and how that impacts channel model



Jeff Foerster
compare single carrier to ofdm (primarily eq)



Anuj Batra
This would show up in performance statements (per, ber)



Jeff Foerster
Agreed, proposer could just give performance and complexity statements



Anuj Batra
up to manufacturer to pick elements of implementation



Marcus Pendergrass
certain designs may need an eq



Anuj Batra
rx has this structure and requires eq



Rick Roberts
this is due diligence of those listening to proposal, homework of those viewing proposals



Marcus Pendergrass
complex modulations may require additional processing



Rick Roberts
complex vs. simple approaches (all things are not equal)



Jeyhan Karaoguz
delay spread criteria needed to compare eq

no implementation details, eq length



Jeff Foerster
would you require # of taps?



Jeyhan Karaoguz
don't have to provide all information but eq details were provided in TG3



Rick Roberts
set metrics that are relevant, if there are too many huge assumptions

details hard to verify and he would not take them at face value



Jeyhan Karaoguz
There was difficulty in comparing first pass proposals for 15.3

We didn't want just 1 delay spread



Jeff Foerster
up to proposers to decide (desired to get taps, size of eq..), what we're looking for, voluntary disclosure



Jeyhan Karaoguz
problem making everything voluntary, least amount of information and broad claims, numbers quickly becoming meaningless with +'s and -'s





Rick Roberts
1 way to handle, we might find out half are UWB the other half 60 GHz, may be after we see 



Jeff Foerster
may have to ask for more info after the first pass



Jeyhan Karaoguz
recalls having to go through process 3 times



Rick Roberts
process may go on for 3 or 4 meetings



Jeff Foerster
rather than specifying each parameter

perf deg due to AWGN (captures RX performance)

ask for voluntary info on eq to achieve the perf numbers

testing in different environments



Jeff Foerster
#3, any other parameters



Andreas Molisch
is delay spread a good measure of perf?



Jeff Foerster
delay spread appears to be a good measure of channel



Andreas Molisch
We need to be clear on terminology (excess delay or rms)



Jeff Foerster
We should match mean, standard deviation and distribution of delay spread



Andreas Molisch
s-v and the 2 cluster structure vs 1 cluster could have same mean delay spread



Jeff Foerster
agree, 1 metric but not the only one



 
possible to match power delay profile, mean deviation



Jeff Foerster
good



Marcus Pendergrass
agree



Jeff Foerster
what kind of distribution of the amplitude (rayleigh, ricean)?



Rick Roberts
how do we make sure everyone implements the model the same way?



Jeff Foerster
back on #3:

concerned about matching rms delay, mean excess delay and paths

may be difficult to match all parameters at the same time

is it a sparse channel, multipath heavy channel, implications on energy capture and PHY performance



Andreas Molisch
why is mean excess delay an important parameter?



Jeff Foerster
what additional value from mean excess delay



Marcus Pendergrass
seen mean & standard deviation the same



Jeff Foerster
also seen them the same



Marcus Pendergrass
maybe drop mean, my 3: rms, # paths, power decay profile



Jeff Foerster
agree



Marcus Pendergrass
arrival time distribution varies 



Andreas Molisch
not just avg arrival time but also amplitude



Marcus Pendergrass
arrival as function of excess delay

we need more than just average arrival



Jeff Foerster
cluster vs ray arrival rate



Marcus Pendergrass
it would be good to match the 3, if not we should look at distribtion of arrival times

we need to make sure we keep it simple



Jeff Foerster
do we have power decay profile info



Marcus Pendergrass
yes, we saw exponential decay, will dig that info up



Jeff Foerster
saw the same thing, will look more closely



Jeff Foerster
regarding # paths: Matlab script is mean # of paths above threshold or % energy capture

when counting paths, count uncorrelated paths plus correlated paths



Marcus Pendergrass
Ai: get back to Jeff on how we counted paths

had widely spaced major reflections



Jeff Foerster
our measurements were based on independent uncorrelated arrivals



Marcus Pendergrass
comfortable with amplitude threshold since using s-v would be difficult with our data



Anond Dubak
why 10 dB threshold? just leave it up to the proposer



Jeff Foerster
# of realizations and proposer will have to show relative performance 

# of paths is key parameter of channel



Anuj Batra
if we limit to 10 dB you won’t model the paths at 20 or 30 dB, don’t put limitation up front so we can't model 10-30dB



Marcus Pendergrass
problem of trying to match a lot is we end up not matching anything

matching basics will yield good channel model



Jeff Foerster
match 3 then look for other parameters, start with 10 dB threshold

Marcus to provide



Marcus Pendergrass
means and standard deviation data provided, ai: will summarize info and resend



Jeff Foerster
ai: will send matches to reflector when I have all 3 sets



Marcus Pendergrass
ai: make proposal on power decay profile



Jeff Foerster
#4

how long will simulations take

is it reasonable to average over 1000 realizations



Rick Roberts
1 way to do this, assume channel can be modeled as FIR

provide 10's of channels and proposers can randomly choose which ones

XSI uses Agilent's ADS not Matlab



Jeff Foerster
model be provided with minimum sample time



Andreas Molisch
100 ps based on 10 GHz bw



Anond Dubak
50 ps given Nyquist



Rick Roberts
only have to be 20 dB down at bandedge, 50 ps may not be enough



Anond Dubak
at least 50 ps



Jeff Foerster
don't have realizations with 50 ps



Andreas Molisch
0 stuffing vs. linear interpolation, how to determine without actual measurements



Marcus Pendergrass
used 3-5 GHz, no less than 100 ps, may be 20-40 non-zero bins, sparse filter



Jeff Foerster
more work needed later work (should be on future agenda)

need feedback on reasonableness of 1000 realizations with 100's ps resolution



Anond Dubak
what is on y axis plot?

outage is key issue



Marcus Pendergrass
likes outage or likelihood of achieving a link



Anond Dubak
if 95% confidence of link, 100 realizations seems small



Rick Roberts
transient response of acquisition will take time, acq probability, packet probability



Marcus Pendergrass
graph outage vs distance, parameterize channel model vs. distance



Rick Roberts
assumed since 4 and 10 m are specified



Jim Richards
channel model should cover so proposer could get .5 m resolution



Rick Roberts
don't burden proposer



Jim Richards
not a requirement of the proposer just assure the channel model would support .5 m increments, 4m and 10m would be required of the proposers



Marcus Pendergrass
extracted statistics in 2 m increments in our data



Jim Richards
interest in 30 cm and 1 m so channel model should support these distances also 



Jeff Foerster
#6

ai: jeff to put together more of what we want relative to complexity, goals 

summary:

rms delay spread, # paths w/ 10 dB, power decay profile (recommendation from Marcus)

avg 100+ ch realizations (PER or BER)

start using s-v model and assess appropriateness

initial draft of channel model report is still looking at s-v model (if there is an alternative we will discuss in 3 wks)



Andreas Molisch
are there dates for channel model work in Monterey?



Rick Roberts
not yet in schedule, another week or 2 (need to talk with Bob Heile)



Andreas Molisch
large scale and small scale statistics emailed but received no follow up, will resend



Jim Richards
1 parameter not discussed much (outage vs. distance), variability of attenuation at any given range (mean, median)



Andreas Molisch
agrees, d^-n as parameter



Marcus Pendergrass
mean and variance of power decay profile are key



Jim Richards
# of runs-10 @ 1m, 10@2m… not a lot for 95% confidence



Rick Roberts
experience from TG3: be confident you will really use all the information in making decision



Jim Richards
critical issue, how much detail (simple to start then expand)



Rick Roberts
this could be a rolling wave problem



Jeff Foerster
different levels of complexity, must be careful



Rick Roberts
from chair perspective, if tremendous amount of work, proposers won't be ready in jan



Jeff Foerster
work shouldn't just be viewed as selection criteria but justify meeting requirements for good standard



Anuj Batra
when belongs to body it is 75%, hard to put things in later on



Rick Roberts
big changes made to FEC in TG3



Anuj Batra
.11e having difficulty


11:41 AM
Jeff Foerster
WRAP UP and END CONFERENCE CALL

TUESDAY, 8/27/02:

Attendees:

1. Naiel Askar

2. Anuj Batra

3. Bill Beeler

4. Stan Bottoms

5. Jeff Foerster

6. Jeyhan Karaoguz

7. Joy Kelly

8. Andreas Molisch

9. Marcus Pendergrass

10. Glyn Roberts

11. Rick Roberts

12. Steve Schell

13. Anthony Zwilling

8/27 Telecon Summary

Agenda Highlights:

· Minutes & 8/6 actions
· S-V Model discussions: appropriateness of model, parameters and realizations
· Next steps
Shadowing phenomenon observed (decay profile followed by significantly higher amplitude cluster).  This isn’t directly addressed by the S-V model and may need fading statistics e.g. Nakagami.  Question is raised: Should each multipath be modeled with independent shadowing?

Log-normal viewed as better fit than Nakagami or Rayleigh in some cases.

Number of realizations should be statistically large enough (e.g. at least 100) with a balance against duration of simulation.

Desire to use PER to address acquisition in presence of channel.

The model should address 6 categories (residential and office environments given 0-4 m LOS, 0-4 m NLOS and 4-10 m NLOS)

Next steps:

· Assignments made for portions of upcoming sub-committee report

· Investigate how to modify model for separate fading on each cluster

Action Items (8/27):

Owner
Action

Jeff
1. Look at how to modify the model, get with Andy and Marcus to refine it and then share with the group.

2. Finish assessment of Nakagami statistics, compare to log-normal and Rayleigh, summarize findings and post.

3. Capture the 6 categories the model will address (residential and office environments given 0-4 m LOS, 0-4 m NLOS and 4-10 m NLOS) and send to reflector for feedback on RMS delay, # paths above 10 dB threshold and multipath energy decay profile parameters.

4. Modify the current S-V MATLAB code to model separate fading on each cluster and send to reflector.

5. Generate list of references.

Marcus
1. Get document numbers and post information on how paths are counted and power decay profile proposal

Anuj
1. Provide summary in paragraph form of 802.11 model

Stan
1. Summarize discussions including issues raised

2. Generate list of contributors

All presenters
1. Prepare half page summary of each presentation

TBD
1. Create short UWB Channel Model article for IEEE Communications magazine

DETAILED MINUTES:

Start Time
End Time
Contributor
Notes

4:08 PM
5:15 PM

TELECON, 8/27 (times are central time zone)

4:08 PM
4:09 PM
Stan Bottoms
ROLL CALL

4:09 PM
4:10 PM
Jeff Foerster
CONVENE SESSION and review agenda



Stan Bottoms
Summarize 8/6 telecon including action items



Andreas Molisch
was 10 dB threshold actually decided upon



Jeff Foerster
pick a number of characteristics, certainly have paths below 10 dB, 10 dB viewed as reasonable starting point, more difficult to match lower thresholds



Anuj Batra
start with 10 dB, if did not match would go to lower levels



Jeff Foerster
open up discussion about s-v if it is appropriate, goal is to come up with realizations to allow proposers to quantify their proposals.  Is s-v reasonable, if so how do we come up with the parameters, if it has shortcomings how do we address those, next steps between now and sept meeting, resolution of open items, to come up with final draft,

document on server now for draft, looking for volunteers to,

discussions, activities, conclusions in form of report



Marcus Pendergrass
no comments to agenda, comment on exercise to fit data with s-v



Jeff Foerster
Agenda item #2



Marcus Pendergrass
-went through s-v model, provided parameters, Jeff responded with extracted channel data, rms & mean excess delay but not mean # of paths above 10 dB

-looked into using matlab script, convolve template with channel impulse response from s-v model and compared to actual scan waveforms

-looking at these visually now, getting some good matches, a couple of cases where there is not a good match, when channel scan has hilbert envelope 10ns later see cluster with significant amplitude 

-supplement with problem waveforms captured in actual measurements (supplementary channels), may be stressing cases but important to include in realizations use to evaluate the PHY



Andreas Molisch
Clarification, did you indicate late arriving cluster with large amplitude not able to recreate with s-v model



Marcus Pendergrass
Not all data exhibited this phenomenon, not successful with late arriving large amplitude



Andreas Molisch
s-v should be able to give multiple clusters



Marcus Pendergrass
Cluster arrival rate, first cluster and big later cluster, can't allow amplitude to come back up



Andreas Molisch
bring issue up later



Marcus Pendergrass
s-v model appropriate for some realizations but include other channels with results outside baseline model



Jeff Foerster
excellent idea to supplement



Andreas Molisch
-looked at s-v to agree with data, yes 1 single exponential decay

-required some modifications of std model

-which modifications would make sense generally?

-1 issue should s-v model be combined with shadowing?

-each cluster can shadow independently, 2&3 shadow of 4

-other aspect: fading statistic of each path (nakagami fading dependent on delay)

-IMST arrived at different fading statistics



Jeff Foerster
independent shadowing, when we have multipath, how do we normalize on realization by realization basis?

each multipath to have independent shadowing



Andreas Molisch
this is one aspect: shadowing different for each cluster



Marcus Pendergrass
this would address problem I am having, interesting idea



Jeff Foerster
it seems like it would match reality of having some paths blocked and others not



Rick Roberts
Clarify: you wanted to supplement model with observed data



Marcus Pendergrass
-Whatever set of models should reflect all phenomonology in our data

-Exponential decay has already kicked in but a cluster then raises up





Anuj Batra
Tell me again freq range



Bill Beeler
3-5 GHz



Anuj Batra
FCC has given us 3-10 GHz, are these valid cases to test against



Marcus Pendergrass
Clarify  



Anuj Batra
Your data vs. someone else's in a different band



Marcus Pendergrass
Extracting parameters are an attempt to remove freq dependency



Jeff Foerster
What is the timing resolution between multipath arrivals?



Marcus Pendergrass
24 ps, template was 2 GHz, 1.7 ns wide pulse, we could get time resolution smaller but 500 ps is effective resolution (Statistically speaking 500 ps is resolution in our data)



Jeff Foerster
-revisit the number of realizations

-pick a model, agree on parameters, generate 100 realizations

-another approach would be to choose to look at a smaller subset of channels to push the limits of the PHY proposal to the extent we want to evaluate the proposal relative to ISI for example

-go for large group or 5/6?



Bill Beeler
with a very few realizations, do you want to determine relative performance or where it works well vs. not well



Jeff Foerster
-ideally both

-how to compare 2 PHYs, BER vs SNR of 5 realizations (severe multipath (e.g. 25 ns) or 15ns or 5ns and small # of clusters)

-follow on step to determine how a proposal performs may need 1000 realizations

-do this after the downselect



Marcus Pendergrass
Uncomfortable with downselect based on 5 channels

1 may favor a particular architecture vs another



Rick Roberts
second that concern

typically generate 100 or so channels and report against that set



Marcus Pendergrass
sounds about right, not too stressing on sim



Andreas Molisch
completely agree, too much danger with small number of realizations



Steve Schell
how do you see these used (bit by bit)?



Marcus Pendergrass
could be used on bit by bit



Steve Schell
concerned about simulation



Andreas Molisch
do have to use some tricks in simulation but bearable

define effective S/N, don't have to do a bit by bit simulation



Rick Roberts
important to get PER to consider acquisition in presence of channel



Jeff Foerster
group is favoring 100 realizations, use same realizations



Marcus Pendergrass
amplitude and delay for all channels



Andreas Molisch
arrive at some model that can be parameterized, some analytical expression



Marcus Pendergrass
andy have you actually made the modifications to s-v model to shadow each cluster independently,



Andreas Molisch
in our case we only have a single cluster



Jeff Foerster
We have log-normal distribution in model



Marcus Pendergrass
agree with approach of having a unified model



Jeff Foerster
ai: look at how to modify model: get with Andy and Marcus to get it right then share with group



Jeff Foerster
look at a number of realizations prior to sept meeting, actually look at multipath realization to get group familiar with characteristics;

to get to that point what parameters need to go into model, LOS, NLOS, RMS delay spread

what do we want to go into 100 realizations?



Andreas Molisch
quite different delay spread in residential and office environments

not 1 single model (different between residential and office)



Jeff Foerster
-matched Time Domain data

-Propose 5 different environments and have parameters for each (maybe 20 of each)



Anuj Batra
100 realizations for each case not total of 100, 



Marcus Pendergrass
agree 



Anuj Batra
10 meters and 4 meters, not clear how model will change to address distances



Marcus Pendergrass
our data is broken down on those lines, 0-4m LOS, 0-4m NLOS, 4-10m NLOS



Marcus Pendergrass
-LOS 4-10 meters in office is difficult with typical configurations

-We have then have 6 scenarios in all



Andreas Molisch
only parameter dependent on distance was power



Marcus Pendergrass
Showed in presentation avg rms delay spread vs. distance, some dependence and it is basically linear



Jeff Foerster
-six categories to test

-what are parameters



Marcus Pendergrass
Exactly at distances 4 &10m



Jeff Foerster
Range of distances is fine





Jeff Foerster
-work on this on email

-specific recommendations on parameters (6 categories and parameters)



Andreas Molisch
question of fading statistics of each path: are we going to match these as well



Jeff Foerster
-open that up for discussion

-ai: looking at matching nakagami we’ve observed log-normal fits better than nakagami which is better than rayleigh;try to summarize that and will post when finished
ai: finalize for sept nakagami fading, log-normal or rayleigh



Jeff Foerster
-ai: Capture 6 categories the model will address, feedback on parameters-RMS delay, # path, mp energy decay profile and send to reflector
-ai: modify the current s-v matlab code to model separate fading on each cluster and send to reflector
amplitude distribution on reflector

would like to ask for volunteers 

ai: 1/2 page summary of each presentation (ask each presenter to produce write up)

narrowband model (assume 802.11 model)



Anuj Batra
can pull model up



Jeff Foerster
ai (Anuj): summarize 802.11 model in paragraph form

ai (Stan): summarize discussions ( issues…)
how to use model, any volunteers



Andreas Molisch
not clear yet



Jeff Foerster
leave it tbd until realizations

ai (Stan): put list of contributors

ai (Jeff): Generate list of references

text available in about a week so update can be prepped before 9/10



Andreas Molisch
2 more topics

get IMST involved again, they have extensive data



Jeff Foerster
I think Rick Roberts went through effort to get Jurgen on reflector



Andreas Molisch
The other topic is not urgent, but propose we get small group to write up short article for IEEE communications magazine


5:15 PM
Jeff Foerster
great idea

keep on list of actions to address in the future

if nothing else, SESSION IS CLOSED

Submission
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Stan Bottoms


