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Appendix A: Proposal Assessment Inputs Received
Appendix B: Summary notes from Jeff Foerster (Channel Model Subcommittee Chair)
TUESDAY, 7/9/02:

	Start Time
	End Time
	Activity
	Contributor
	Notes

	8:20 AM
	8:31 AM
	Comment
	Jeff Foerster
	· Channel Model introduction, acknowledgement of all contributions

· 02/298: What are the objectives? 

· ideally have draft proposal by end of week, schedule permits later resolution 

· at least set direction, plan to move forward this week

· outcome of ad hoc group will be to make recommendation to group and support SG objectives

· agenda review (fact finding, WORKING session)

· group should express: likes & dislikes, questions, concerns, top 3 proposals (handwritten or email to jf), also potential merging of proposals

· Wednesday session to combine and set agenda for Thursday

· schedule does not demand finished model by end of week

· resolution of conflicts (final model doesn't have to be one single proposal)

· piecewise approach possible

· by end of week like to vote on each piece of model

· output of ad hoc group will be input to SC document and can be commented on then

· path loss initially then multipath models

· 30-45 minutes/presentation with Q&A 

· good show of hands for volunteers for wed. session for combining comments

· (observati

	
	
	Comment
	Kai Siwiak
	· half hour missing for dinner, allow 1.5 hours for dinner

	
	
	Comment
	Jeff Foerster
	· any questions? None raised:proceed to presentations

	
	
	
	
	

	8:31 AM
	9:12 AM
	Presentation
	Gadi Shor
	02280r0P802-15_SG3a-Ultrawaves_pathloss_proposal

	
	
	Comment
	Gadi Shor
	· not able to download r1, will download later

	
	
	Presentation
	Gadi Shor
	· ULTRAWAVES, more info on website reference

	
	
	Presentation
	Gadi Shor
	· 1-5: Indoor path loss model, data taken in 2001 before regulation known

· 2 sets of measurements (corridor 1 & corridor 2)

· multipath profiles not included

· corridor 2 & lecture hall 

· measurements taken in "typical" European environment vs. data 

· differences due to material in buildings

· measurement setup description

· Vector Network Analyzer (dynamic range very good), setup very simple, complex data, environment must be very static

· 6-9 measurements for each point for recording data, 500 readings for averaging purposes

· 7-post processing important for future work

· 8-2 different corrridors, 1 lecture room, NLOS

· 9-normal furnishings in room, RX antenna was moved around the room, 110 cm height only taken into account in analysis other measurements taken

· 10-corridor vs. room, no windows in area of measurements

· 11-3.1-8 GHz, shorter corridor than corridor 1, small , 3 different 

	
	
	Question
	Ivan Reede
	· can we get the construction details (walls…)?

	
	
	Answer
	Gadi Shor
	· 800 msec sweep (slow enough to measure frequencies transmitted)

	
	
	Presentation
	Gadi Shor
	· 12-NLOS 3 different rooms (1 and 2 walls and corridor measurement points)

· 13-fit to path loss equation

· 14-lecture hall large bandwidth minimize multipath effect, normally around 6-8 m break in exponent of path loss

	
	
	Comment
	Gadi Shor
	· non-correlated combination of energy, equivalent to "perfect" rake receiver, essentially 1/r loss

	
	
	Comment
	Ivan Reede
	· antenna pattern (almost like a di-pole for all frequencies, vertical polarization), channel + antenna effects are represented

	
	
	Question
	Kai Siwiak
	· any calibration of antennas? 

· 

	
	
	Answer
	Gadi Shor
	· don't believe so

	
	
	Question
	Kai Siwiak
	· what is tx power?

	
	
	Answer
	Gadi Shor
	· 10 dBm (cable losses present; other calibration procedures performed, details can be provided)

	
	
	Comment
	Jeyhan Karaoguz
	· absolute attenuation is missing from graph

	
	
	Comment
	Gadi Shor
	· vna calibrated cable to cable (antenna not included, antenna is included with the channel)

	
	
	Question
	Hirohisa Yamaguchi
	· why a single curve for the entire frequency range? 

	
	
	Answer
	Gadi Shor
	· Wanted to have 1 curve for 10 m range (6-7 m break point in slope)

	
	
	Comment
	Kai Siwiak
	· constructive and destructive combining occurring

	
	
	Comment
	Gadi Shor
	· disagree with this assumption

	
	
	Comment
	Gadi Shor
	· planning on doing analysis of sub-bands of frequency (I.e. 4-6, 6-8)

	
	
	Question
	Ivan Reede
	· would like to see all data points



	
	
	Answer
	Gadi Shor
	· will have to check with oulu univ. if data can be made available

	
	
	Presentation
	Gadi Shor
	· 15-breakpoint noted at 6-7 m

· 16-different breakpoint noted in corridor 2

· 17-better model to take curves with break points

· 18-NLOS, dfferent heights of antennas, slope does not have much dependency on antenna height

· 19-big difference between LOS and NLOS-will need different model for these 2 conditions

· 20-references

· 21-acknowledgements

· 22-future work: more analysis of path-loss properties and multipath properties (once information is available it will be made available even if a model has already been selected)

· 23-conclusions: need European building construction material to be considered, keep open mind for parameters relative to different environment 

	
	
	 
	 
	

	9:12 AM
	9:14 AM
	Q&A
	 
	

	
	
	Question
	Michael Dydyk
	· can the antenna be eliminated to view effect of channel only?

	
	
	Answer
	Gadi Shor
	· post processing can be done on existing data

	
	
	Question
	Roberto Aiello
	· what was the environment configuration for LOS?

	
	
	
	Gadi Shor
	· furniture present but always LOS path present

	
	
	Comment
	Larry Taylor
	· "typical" European residential construction is not represented by university lecture hall and corridors

	
	
	 
	 
	

	9:15 AM
	9:28 AM
	Presentation
	Saeed Gassemzadeh
	02278r1P802-15_SG3a-802-15-UWB-PathLoss-Model-Presentation

	
	
	Presentation
	Saeed Gassemzadeh
	· 2-made more sense to separate path loss and multipath

	
	
	Presentation
	Saeed Gassemzadeh
	· 3-outline (interactive q&a)

	
	
	Presentation
	Saeed Gassemzadeh
	· 4-motivation

· 5-swept frequency measurement technique

	
	
	Question
	Jason Ellis
	· where is r1 document?

	
	
	Answer
	Saeed Gassemzadeh
	· it is posted

	
	
	Presentation
	Saeed Gassemzadeh
	· 6-channel sounder system block diagram (antenna patterns done 2 ways-post processed antenna effect out)

· 7-configuration

· 8-database

· 9-data reduction background

· 10-data reduction

· 11-path loss vs. distance scatter plot: this doesn't represent the variation from home to home

· 12-CDF of path loss

· 13-CDF of shadow fading

· 14-15

· 16-model simulation

· 17-gaussian assumption

· 18-final note

· 19-conclusion

	
	
	 
	 
	

	9:28 AM
	9:34 AM
	Q&A
	 
	

	
	
	Question
	Gadi Shor
	· what is the basis for averaging the path loss term PL0?

	
	
	Answer
	
	· average is necessary given observed variations

	
	
	Comment
	Jeff Foerster
	· measurements centered at 5 GHz

	
	
	 
	Dave Leeper
	· 23 homes representative of "average" american home, wooden stud, sheetrock construction

	
	
	
	
	· how should this model be used?

	
	
	Answer
	Saeed Gassemzadeh
	· take path loss result into multipath model, use model to distinguish between 1 home and another (path loss model is only part)

	
	
	Comment
	Saeed Gassemzadeh
	· reference slide 12-slope for LOS, had slope of 1 in 1 home (waveguide effect in hallway)

	
	
	Comment
	Ivan Reede
	· design for 2.5, theoretical based on experiments

	
	
	Question
	
	· any 2 story buildings included in measurements?

	
	
	Answer
	Saeed Gassemzadeh
	· no floor to floor measurements (all on same floor)

	
	
	 
	 
	

	
	
	 
	 
	

	9:34 AM
	9:35 AM
	Comment
	Jeff Foerster
	any open discussion items? None raised, recess, discuss issues in small groups and return at 10:30

	9:35 AM
	10:31 AM
	Break
	 
	

	10:31 AM
	10:33 AM
	
	
	· rick roberts, excellent contributions, new participants, disgression, document number to be established, file can be provided on floppy, file on server for 1 minute

	10:33 AM
	11:21 AM
	Presentation
	Jurgen Kunisch
	02281r0P802-15_SG3a-IMST-Response-Call-Contributions-UWB-Channel-Models

	
	
	 
	 
	· 02/281 is submission, presentation is based on 02/281

· 2-measurment details provided in baltimore 1.5 months ago

· 3-measurements done last year, 1-11 GHz, 6.25 MHz resolution, 160 ns unique excess delay

· 4-stepsize smaller than 1 wavelength at all points

· 5-6

· 7-deviations from exponential delay with lower delays (<30 ns)

	
	
	Question
	Roberto Aiello
	· distance between T-R,(near-field or far-field effect)?

	
	
	Answer
	Jurgen Kunisch
	· ~3 m

	
	
	Presentation
	Jurgen Kunisch
	· 8-local scale not the physical distance

	
	
	Presentation
	Jurgen Kunisch
	· 9-must account for doppler shift, most energy is contained in red triangle (lower right)

	
	
	Comment
	Ivan Reede
	· in our measurements we found plastics distorted signal establishing a non-linear channel

	
	
	Comment
	Jurgen Kunisch
	· the antenna is included in this "radio channel"

	
	
	Comment
	Saeed Gassemzadeh
	· same antenna must be used to achieve same results

	
	
	Comment
	Jurgen Kunisch
	· biconical antenna, characterization has been performed on antennas

	
	
	Presentation
	Jurgen Kunisch
	· 10-account for decay due to bandwidth limitation, shape of pulse in time domain not much different

· 11-simple (simple to implement, fast to evaluate)

	
	
	Question
	Saeed Gassemzadeh
	· confused about slide 10, please clarify

	
	
	Answer
	Jurgen Kunisch
	· m exponent (slope of line), b starting point (parameters of fit)

	
	
	Presentation
	Jurgen Kunisch
	· 12-do not use poisson, each echo has trailing multipath; hybrid approach

	
	
	Question
	Marcus Pendergrass
	· are you modeling a specific environment?

	
	
	Answer
	Jurgen Kunisch
	· yes

	
	
	Presentation
	Jurgen Kunisch
	· 12-alpha exponent present to establish a better fit

	
	
	Question
	Saeed Gassemzadeh
	· what is dyanmic range

	
	
	Answer
	Jurgen Kunisch
	· 30-40 dB, (signal is close to noise level)

	
	
	Presentation
	Jurgen Kunisch
	· 13-local model with virtual sources doesn't hold at all locations

· 14-furniture was present in rooms, furniture does not impact virtual sources (question???)

· 15-25

· 26-model is power law driven can't model minima shown in measured results, can be easily compensated for

· 27-29

· 30-signals shown thus far are baseband signals

· 31-32

	
	
	Comment
	Jurgen Kunisch
	· measurements shown in Baltimore

	
	
	 
	 
	

	11:21 AM
	11:27 AM
	Q&A
	 
	

	
	
	Question
	Anuj Batra
	· where do you put the virtual sources?

	
	
	Answer
	Jurgen Kunisch
	· proper positions are based on what the measurements show, this is the magic of determining where to place these sources

	
	
	 
	Gadi Shor
	· biconical antennas used, antenna effect not removed

	
	
	 
	Gadi Shor
	· different results 

	
	
	Comment
	Ivan Reede
	· additional complexity by looking at model without antenna or include antenna with some error

	
	
	Comment
	Jurgen Kunisch
	· recommends model with antenna

	
	
	Comment
	Rick Roberts
	· 02/318r0 (new document posted on incoming), without video

	
	
	 
	 
	

	11:27 AM
	11:47 AM
	Presentation
	Andreas Molisch
	02285r0P802-15_SG3a-Statistical-model-for-the-UWB-indoor-channel

	
	
	Presentation
	Andreas Molisch
	· 1-2:"typical" is where we are

· 3-49 measurements per room

· 4-measurements in the time domain, resulting measurement bandwidth relatively low (just within FCC limits), 1 meter reference point, tried to remove antenna effects but was difficult and 2 ns was left in

· 5-related everything to the excess delay, signal 6 dB above noise floor, separate view of small scale and large scale statistics

· 6-

· 7-strong quasi-LOS component plus exponential decay

	
	
	Question
	Saeed Gassemzadeh
	· 7-does the graph include LOS and NLOS 

	
	
	Answer
	Andreas Molisch
	· there was only one measurement (NLOS)

	
	
	Presentation
	Andreas Molisch
	· 8-10

· 11-passband signal-uniformly distributed phases, phases not extracted from measurement data

· looking at power delay profile

	
	
	Question
	Kai Siwiak
	· why is there a need for a phase term given impulse siganls?

	
	
	Comment
	Jeff Foerster
	· hold on discussion of phase until later, continue

	
	
	Presentation
	Andreas Molisch
	· 12-simulator built in MATLAB, small scale average power delay profile (SSA-PDP)

· 13-15

	
	
	 
	 
	

	11:47 AM
	11:54 AM
	Q&A
	
	

	
	
	Question
	Rick Roberts
	· clairfy slide 12 tapped-delay-line

	
	
	Answer
	Andreas Molisch
	· average delay is needed for various conditions

	
	
	Question
	 
	· why did you have to average the power? 

	
	
	Answer
	Andreas Molisch
	· describe channel in a mulitplicative way

	
	
	Question
	Marcus Pendergrass
	· are the arrival times tau sub k the measurement delay

	
	
	Answer
	Andreas Molisch
	· yes, 2 ns measurement bins

	
	
	 
	Andreas Molisch
	· did not use path loss model because of variation over frequency, some papers indicate delay increases with higher frequencies others the opposite

	
	
	Comment
	Saeed Gassemzadeh
	· path loss variation in shadowing

	
	
	 
	 
	

	
	
	 
	 
	

	11:54 AM
	
	Comment
	Jeff Foerster
	return at 1 pm

	11:54 AM
	1:06 PM
	Lunch
	 
	

	1:06 PM
	1:09 PM
	Comment
	Rick Roberts
	Reconvene meeting: 2 channel models in afternoon, presentation setup

	1:09 PM
	1:45 PM
	Presentation
	Saeed Gassemzadeh
	02283r2P802-15_SG3a-802-15-UWB-Multipath-Model-Presentation

	
	
	Presentation
	Saeed Gassemzadeh
	· 2-

· 3-overview repitition of morning path loss presentation

· 4-

· 5-frequency measurement

· 6-transmitter typically in kitchen for convenience

· 7-amplifier set so not in non-linear region

· 8-.1 Hz 3 dB noise bandwidth

· 9-10

· 11-path loss goes up with delay spread

· 12-not much doppler

· 13-different responses in same house, in same room; phase doesn't make sense for UWB unless there is some kind of carrier

· 14-NLOS and LOS are not the same profiles

· 15-information only

· 16-information only

· 17-

· 18-looks like path loss model but x axis now delays

· 19-standard deviation changed from home to home

· 20-23

· 24-good for tau greater than 0

· 25-70 ns largest delay observed

· 26-

· graphs (NLOS), all done in MATLAB

· 27-29

· 30-AR model proposed at one time with 6-7 dB "error", this model is much better; relative MIPs are input to simulator (reference slide 13), alpha & beta distribution varied slowly over time

· 31-a strong return followed by a sharp drop

· 32-35

	
	
	 
	 
	

	1:45 PM
	2:05 PM
	Q&A
	 
	

	
	
	Question
	Hirohisa Yamaguchi
	· what happens if simulation interval gets smaller and smaller?

	
	
	Answer
	Saeed Gassemzadeh
	· resolution is .8 ns, don't know if the model holds for any smaller interval (line is discrete, not continuous (slide 31)

	
	
	Comment
	Gadi Shor
	· slide 20, NLOS never saw strong return component with exponential decay only model

	
	
	Comment
	Saeed Gassemzadeh
	· simulation never at zero dB initially

	
	
	Comment
	Matt Wellborn
	· could create larger values later due to statistics

	
	
	Question
	Rick Roberts
	· slide 13, how is complex model established?

	
	
	Comment
	Saeed Gassemzadeh
	· if carrierless no phase, carrier will have phase

	
	
	Question
	Rick Roberts
	· is complex envelope of channel being represented

	
	
	Answer
	Saeed Gassemzadeh
	· yes 

	
	
	Comment
	Rick Roberts
	· if this or a similar model is accepted we will have to know how to use it

	
	
	Comment
	Jeff Foerster
	· need to be treated as baseband type model

	
	
	Comment
	 
	· slide 17, doesn't have doppler shift data

	
	
	Comment
	Jeff Foerster
	· 2 multipath channel profiles in 2 different rooms, the amplitude will not vary much between the two

	
	
	Comment
	Jeff Foerster
	· intel normailzed 900 snapshots based on occurrence of peak amplitude

	
	
	Comment
	Saeed Gassemzadeh
	· assume correlation of .2-.25 is low and is not included

	
	
	Comment
	Saeed Gassemzadeh
	· resolution lost by expanding bin to 1600 ns 

	
	
	Question
	 
	· what if it were 23 small businesses, would the data be different

	
	
	Answer
	Saeed Gassemzadeh
	· model should be the same but the parameters would be different

	
	
	Comment 
	Saeed Gassemzadeh
	· identical layouts but different furniture config yielded different results

	
	
	 
	 
	

	2:05 PM
	2:55 PM
	Presentation
	Marcus Pendergrass
	02294r0p802-15_SG3a-Empirically_Based_UWB_Channel_Model

	
	
	Presentation
	Marcus Pendergrass
	· 3-most data concentrated in office environment

· 4-6

· 7-data to be made available to group

· 8-9

· 10-time domain measurements

· 11-

· 12-solid line LOS, dashed NLOS

· 13-14

· 15-match distribution of parameters for different environments

· 16-a's (amplitude coefficients) are not complex, models should be able to show the statistics of the measurements taken

· 17-deconvolution in time domain rather than the frequency domain, an interative process

· 18-

· 19-when to stop the CLEAN algorithm, error vector represents energy not captured by model

· 20-less than 1 dB error-model is good fit to data

	
	
	Question
	 
	· was the same waveform used for all measurements? 

	
	
	Answer
	Marcus Pendergrass
	· one waveform used in office, another in residential, also looked at elevation (+/- 70 degrees the same), antenna isotropic in azimuth (3 dBi)

	
	
	Presentation
	Marcus Pendergrass
	· 21-

· 22-5 statistics looked at, the model looks at the distribution of these parameters

· 23-29

· 30-additional components for 95% vs. 85% don't represent a significant impact

· 31-

· 32-II 80, III 120 (xxx in r1 of presentation) 

· 33-

· 34-important to match distribution not just mean

· 35-



	
	
	Question
	Andreas Molisch
	· going from 85% to 95% energy capture, does the slope change?

	
	
	Answer
	Marcus Pendergrass
	· don't know about the slope

	
	
	Presentation
	Marcus Pendergrass
	· 36-underestimate LOS path if only use exponential decay

	
	
	Question
	Gadi Shor
	· dB/ns slope?

	
	
	Answer
	Marcus Pendergrass
	· answer offline

	
	
	Presentation
	 
	· 37-std dev did not seem to depend on distance

· 38-39

	
	
	Question
	Matt Wellborn
	· are number of channel components important to model?

	
	
	Answer
	Marcus Pendergrass
	· statistics not signifcantly different between 85% and 95%, law of diminishing returns at ~85%

	
	
	Presentation
	Marcus Pendergrass
	· 40-44

· 45-important to determine match to data

· 46-real values used not complex as in 802.11 model

· 47-mean is matched fairly well, looking for Bhattacharyya distance of .8 or more

· 48-slopes don't match even though the means do

· 49-50

	
	
	Question
	 
	· how can you assume K is constant?

	
	
	Answer
	Marcus Pendergrass
	· if data indicates that K can be reasonably constant

	
	
	Presentation
	Marcus Pendergrass
	· 51-simulations are not using delta-K model but rather actual statistics

· 52-54

· 55-number of multipath components not a good match even though mean does match

· 56-59

	
	
	 
	 
	

	2:55 PM
	3:08 PM
	Q&A
	 
	

	
	
	Question
	Rick Roberts
	· slide 12 units?

	
	
	Answer
	Marcus Pendergrass
	· cm

	
	
	Question
	Anuj Batra
	· 802.11 or delta-K what model do you like?

	
	
	Answer
	Marcus Pendergrass
	· no recommended model but model should match 5 key satistics

	
	
	Question
	 
	· home networking, distance must be greater than 30 m, will the statistics hold?

	
	
	Answer
	Marcus Pendergrass
	· different statistics for greater distances

	
	
	Comment
	Jeff Foerster
	· charter of group is not to address greater than 10 m

	
	
	Question
	Matt Wellborn
	· why a break point of 4m?

	
	
	Answer
	Marcus Pendergrass
	· 4 m reference for 200 mbps from SG3a requirements

	
	
	Question
	Rick Roberts
	· slide 48, in interest of being conservative which would you pick?

	
	
	Answer
	Marcus Pendergrass
	· 802.11 model would produce overly optimistic results

	
	
	Question
	Jeff Foerster
	· were all measurement .1 ns bin size?

	
	
	Answer
	Marcus Pendergrass
	· 0.1 ns only used for delta K , .5 for measurements

	
	
	Question
	 
	· what about fitting a couple of statistics, what was the error on other statistics?

	
	
	Answer
	Marcus Pendergrass
	· an exhaustive search was not performed

	
	
	Question
	Andreas Molisch
	· it isn't clear how the mean is the same between the 2 curves in slide 48

	
	
	Answer
	Marcus Pendergrass
	· mean rms delay spread the same between the 802.11 and measured

	
	
	 
	 
	

	3:08 PM
	3:09 PM
	Comment
	Jeff Foerster
	· jean-marc cramer not able to make it, jeff will cover the slides, due to restart at 3:30

	3:09 PM
	3:35 PM
	Break
	 
	

	3:35 PM
	3:36 PM
	Comment
	Jeff Foerster
	· suggestion to modify agenda to swap Jean Marc Cramer and Kai, hearing no objections the agenda is changed

	
	
	 
	 
	

	
	
	 
	 
	

	3:36PM
	4:25 PM
	Presentation
	Jeff Foerster
	· 02287r0P802-15_SG3a-Intel-Channel-Model

	
	
	Presentation
	Jeff Foerster
	· 3-

· 4-measurements made last summer in condo (residential setting), time domain and frequency domain measurements

· 5-

· 6-LOS & NLOS, when someone walks through what is the effect is shown

· 7-3 primary statistics

· 8-9

· 10-how to make the model independent of the antenna, still need to understand the impact of the antenna on system implemenation and performances, assume flat tx spectrum, what impact does rx antenna have on system performance

· 11-

· 12-not likely much latitude in average TX power due to FCC limits

· 13-

· 14-measurements normalized in time to the peak (NLOS has a 0 time)

· 15-

	
	
	Comment
	Saeed Gassemzadeh
	· look at probability on log scale vs. linear for better fit

	
	
	Question
	Andreas Molisch
	· are you using large scale behavior

	
	
	Answer
	Jeff Foerster
	· grouped data (0-4, 4-10, 10-20m) and compared vs. Raleigh or log-normal

	
	
	Question
	Saeed Gassemzadeh
	· are profiles normalized?

	
	
	Answer
	Jeff Foerster
	· yes, normalized to peak, need to look at plot more closely

	
	
	 
	Jeff Foerster
	· 16-

· 17-log-normal similar to nakagami, gamma curve shapes

· 18-

	
	
	Comment
	Anuj Batra
	· 10 dB  threshold level is likely not valid for higher order modulations

	
	
	Comment
	Saeed Gassemzadeh
	· threshold level is function of receiver (bandwidth and noise)

	
	
	Question
	Hirohisa Yamaguchi
	· how was excess delay determined?

	
	
	Answer
	Jeff Foerster
	· weighted by square of amplitude

	
	
	Presentation
	Jeff Foerster
	· 19-number of paths high in 802.11 model since it doesn't take into account variable arrival

· 20-more random arrival view than Jurgen's deterministic model (S-V can fit mean, excess and number of paths

· 21-difficulty matching delta K with both LOS and NLOS

· 22-

	
	
	Question
	Andreas Molisch
	· could 1 deterministic component be added to match data?

	
	
	Answer
	Jeff Foerster
	· possibly, but this has not been looked at

	
	
	Question
	Marcus Pendergrass
	· what kind of k values for delta K?

	
	
	Answer
	Jeff Foerster
	· fixed delta k was looked at not modified similar to marcus presentation

	
	
	Presentation
	Jeff Foerster
	· 22-23

· 24-log-normal vs raleigh distribution modification to S-V model

· 25-phase is probably a minor part of this model (real is sufficient vs. accounting for a small delay (phase offset))

· 26-29

· 30-at 6 GHz not far from limit imposed by FCC (7.5 GHz: 3.1-10.6)

· 31-typically over an ensemble of 

· 32

	
	
	 
	 
	

	4:25 PM
	4:39 PM
	Q&A
	 
	

	
	
	Comment
	Jeff Foerster
	· link margin needed to make up for randomness of channel (appropriate above and beyond free space)

	
	
	Question
	 
	· is there any frequency selectivity of reflections?

	
	
	Answer
	Jeff Foerster
	· frequency selectivity of reflections were not specfically looked at

	
	
	Question
	Matt Wellborn
	· frequency selectivity in previous measurements

	
	
	Answer
	Jeff Foerster
	· unclear how to take frequency selectivity into account

	
	
	Question
	Rick Roberts
	· slide 29; lna with certain NF, how do you set noise floor in normalized case?

	
	
	Answer
	Jeff Foerster
	· based on how you view link budget

	
	
	Comment
	Rick Roberts
	· recommendation needed from channel model group on how to set the noise level

	
	
	Question
	Dave Leeper
	· clustered multipath more destructive to UWB? Is additional complexity necessary?

	
	
	Answer
	Jeff Foerster
	· yes, LOS difficult to capture with single exponential, but it isn't that complex

	
	
	 
	 
	

	4:39 PM
	4:51 PM
	Presentation
	Kai Siwiak
	02301r2P802-15_SG3a-UWB-Propagation-Phenomena

	
	
	Presentation
	Kai Siwiak
	· 2-4

· 5-limited data set stressed

· 6-

· 7-total power follows free space

· 8-9

· 10-in this data set the dissipative losses aren't significant

· 11-15

· 16-receiver implementation will have impact on channel effects

· 17-18

	
	
	 
	 
	

	4:52 PM
	5:01 PM
	Q&A
	 
	

	
	
	Question
	Rick Roberts
	· what is strongest impulse power?

	
	
	Answer
	Kai Siwiak
	· see slide 5

	
	
	Question
	Jeff Foerster
	· does free space include NLOS?

	
	
	Answer
	Kai Siwiak
	· yes (generally NLOS)

	
	
	Question
	Jeff Foerster
	· why free space?

	
	
	Answer
	Kai Siwiak
	· propagation characteristics

	
	
	Comment
	Matt Wellborn
	· bandwidth dependency of where the transition occurs for power loss from exponent 2 to 3

	
	
	 
	 
	

	5:01 PM
	5:03 PM
	comment
	Jeff Foerster
	· skycross potentially first then cramer slides

	
	
	Comment
	Jeff Foerster
	· jeff to walk through cramer slides to lead up to 5:30 recess

	
	
	 
	 
	

	5:03 PM
	5:21 PM
	Presentation
	Jeff Foerster for Jean-Marc Cramer
	· 02xxxr0P802-15-SG3a_Evaluation_of_an_Indoor_Ultra-Wideband_Propagation_Channel

	
	
	Presentation
	 
	· no document number yet

· intro & motivation-

· UWB Propagation Experiment

· Typical received signal profiles-

· Sensor-CLEAN Algorithm-also looked at angle of arrival

· UWB Channel Modeling-

· Application of Algorithm to Measured Data-normalized time of arrival

· Recovered Signals at Locatin P

· Recovered Signals at Location P

· Recovered Signals at Location M, H

· Recovered LOS Waveforms

· Clustering Models for UWB propagation

· Inter-Cluster Decay Rate

· Intra-Cluster Decay Rate

· Energy Deviation from Mean

· Cluster Angle-of-Arrival

· Cluster and Ray Angles-of-Arrival

· Rate of Signal Arrivals

· Ray Arrival Rates



	
	
	Question
	Saeed Gassemzadeh
	· do ray arrival rates match your numbers?

	
	
	Answer
	Jeff Foerster
	· no, discuss more later

	
	
	Presentation
	Jeff Foerster
	· UWB Channel Parameter Summary-key difference is ray decay rate longer than cluster decay rate



	
	
	Comment
	Andreas Molisch
	· lower frequency spectrum data set

	
	
	Presentation
	Jeff Foerster
	· UWB Channel Synthesis-

· Conclusions

	
	
	 
	 
	

	5:21 PM
	5:22 PM
	Comment
	Jeff Foerster
	recess, get back at 7

	
	
	 
	 
	

	5:22 PM
	7:11 PM
	Dinner
	 
	

	
	
	 
	 
	

	7:11 PM
	7:12 PM
	Comment
	Rick Roberts
	Reconvene meeting: wrapping up channel model for the day, then SG3a document review to pick up again

	7:12 PM
	7:51 PM
	Presentation
	Frank Caimi
	02295 (Antenna Q and BW presentation)

	
	
	Presentation
	Frank Caimi
	· 3-6

· 7-small antenna defined as approx 1/6 wavelength or less

· 8-9

	
	
	Question
	Rick Roberts
	· does it matter if the antenna is planar or not

	
	
	Answer
	Frank Caimi
	· yes  

	
	
	Question
	 
	· does it include the feeding

	
	
	Answer
	Frank Caimi
	· no, that will represent an additional impact

	
	
	Question
	 
	· what is the meaning of lambda

	
	
	Answer
	Frank Caimi
	· this is a frequency domain approach

	
	
	Presentation
	Frank Caimi
	· 10-energy is stored in the near field, far field is radiated energy

· 11-small is for ka 1, equation indicates a trend not necessarily an exact relationship

· 12-approx. true in broadband case, strictly true in narrowband case

· 13-trades can be performed efficiency vs. bandwidth

· 14-19

	
	
	 
	 
	

	7:51 PM
	7:56 PM
	Q&A
	 
	

	
	
	Comment
	Rick Roberts
	· referenced comment by Hans Schantz that chu-harrington limit doesn't apply to UWB antennas

	
	
	Comment
	Frank Caimi
	· counter examples needed to prove comment

	
	
	Comment
	Frank Caimi
	· designers do need to worry about matching

	
	
	 
	 
	

	7:56 PM
	8:01 PM
	Presentation
	Anuj Batra
	02/321 Comments on over-sampling the UWB channel model

	
	
	 
	 
	

	8:01 PM
	8:10 PM
	Q&A
	
	

	
	
	Comment
	Jeff Foerster
	· oversample can be accomplished with stuffing and bandpass filter

	
	
	Comment
	Rick Roberts
	· 16x (10 ps) oversampling

	
	
	Comment
	Marcus Pendergrass
	· only need non-zero samples in bin, pulses used were approx. 1 ns (500 ps bins sufficient)

	
	
	Comment
	Anuj Batra
	· wants flexibility to allow for narrow pulses

	
	
	Question
	Michael Dydyk
	· don't the existing proposal support the oversampling?

	
	
	Answer
	Anuj Batra
	· doesn't think the existing channel model proposals support, wants parameter specified

	
	
	 
	 
	

	8:10 PM
	8:11 PM
	Comment
	Jeff Foerster
	meeting starts Wed. at 8 am in Dover, recess until Wed.

	
	
	 
	 
	


WEDNESDAY, 7/10/02

	Start Time
	End Time
	Contributor
	Notes

	8:03 AM
	10:08 AM
	
	MORNING SESSION

	
	
	Jeff Foerster
	CONVENE SESSION; HIGH LEVEL OBJECTIVES, REVIEW SPECIFICS OF PRESENTAIONS, BRAINSTORM DIRECTION, LOOK AT PATH LOSS AND MULTIPATH SEPARATELY.

HEARING NO QUESTIONS, DISCUSSIONS OPENED

	
	
	Matt Wellborn
	· good comments on big picture, context of this group's work product, uses of channel model

	
	
	Jeff Foerster
	· first question: what do we want from the channel model?  Use for evaluating the PHY's as well as justify validity to the user community

	
	
	 
	· suggestion for possibly 2 models-1 validation the other an analytical view for performance assessment

	
	
	Kai Siwiak
	· we should focus on satisfying the criteria of assessing/evaluating PHY proposals

	
	
	Jeff Foerster
	· this group's output should be ported directly into SC or referenced

	
	
	Kai Siwiak
	· the SG3a document currently crafted as reference

	
	
	Jeff Foerster
	· what do we want from a channel model (4 bullet points)

	
	
	Matt Wellborn
	· need to express goals before parameters (help us evaluate proposals)

	
	
	Jeff Foerster
	· Intel persentation included parameters (LOS, NLOS)

· how many different environments and parameters

· don't overburden the proposers

	
	
	Kai Siwiak
	· read applicable excerpt from SC

	
	
	Matt Wellborn
	· meet basic requirements

	
	
	Jeff Foerster
	· provide specific channel realizations or allow proposers to use their own

	
	
	Saeed Gassemzadeh
	· test channel model against key parameters, provide specific code

	
	
	Anuj Batra
	· concerned about specific realizations, if random channel model will be more realistic, don't allow small set

	
	
	Marcus Pendergrass
	· can generate large number of channels, assure uniformity across

	
	
	Anuj Batra
	· could average out over 1000 realizations, 

	
	
	Marcus Pendergrass
	· common simulator generator, key concern of uniformity

	
	
	Andreas Molisch
	· prescribe minimum number of runs of simulation

	
	
	Jeff Foerster
	· common matlab or 

	
	
	Saeed Gassemzadeh
	· we are looking for log of magnitude in statistics so we can compare results.

	
	
	Matt Wellborn
	· if matlab code provided, generate 1000 channels run PHY simulation

	
	
	Saeed Gassemzadeh
	· how can you judge without common parameters

	
	
	Marcus Pendergrass
	· agree first on model then run simulations

	
	
	Jeff Foerster
	· agree on common parameters, decide later

	
	
	Jeff Foerster
	· next question for group;what are expectations for channel use (how many channels to use) easy or difficult

	
	
	 
	· in .11 and .16 use only 5 models (delay profiles), assign LOS & NLOS.

	
	
	Marcus Pendergrass
	· with that few (5) not statistically significant.  1000 about a week to generate

	
	
	Vinko Erceg
	· 10, 50, 100 more reasonable

	
	
	Marcus Pendergrass
	· variance below threshold

	
	
	Saeed Gassemzadeh
	· worst case, good case, middle case

	
	
	Dave Leeper
	· in middle of modeling, given 5 (generate 1000 ) 10e-4 ber point, find distribution pick 90%

	
	
	Jeff Foerster
	· how do you pick 90% without PHY parameters?

	
	
	Dave Leeper
	· pick point on parameters, n dB margin against selected channels (I.e. channel realization)

	
	
	Andreas Molisch
	· we can't just have a few; proposers could potentially tweak for limited special cases

	
	
	Dave Leeper
	· if PHY works on samples given variety of conditions should be indicator of good PHY performance

	
	
	Anuj Batra
	· figuring out 5 channels is difficult, confusion about picking parameters

	
	
	Marcus Pendergrass
	· if I ran 100 realizations, look at total noise power, total energy received

	
	
	Anuj Batra
	· concern about potential for hiding performance

	
	
	Saeed Gassemzadeh
	· still have to have same statistics

	
	
	Marcus Pendergrass
	· make evaluation criteria clean, at high rates given channel, performance variations, recommend more channels

	
	
	Andreas Molisch
	· primitive model for basic comparison, then main computations are done internally by companies, then use more involved after PHY downselect

	
	
	Matt Wellborn
	· suggestion: agree 2 approaches different measures of performance may use different approaches (decide on parameter then it will be clear what approach)

	
	
	Kai Siwiak
	· draft 15.3 channel model, different environment? 

	
	
	Anuj Batra
	· generated channels, certain paramters fixed (I.e. 25 ns delay spread)

	
	
	Anuj Batra
	· run enough simulations to get smooth curve otherwise suspect

	
	
	Jeff Foerster
	· how many channel environments do we want?

	
	
	Marcus Pendergrass
	· one channel model with varying parameters

	
	
	Matt Wellborn
	· different operating regimes (110 @ 10m, 200 @ 4 m)

	
	
	Jeff Foerster
	· characteristics of model, amplitude distribution, mean rms delay spread, mean excess delay, Np (Number of paths) above threshold, matching statistics, path loss exponent, shadowing all in LOS & NLOS

	
	
	Saeed Gassemzadeh
	· path loss exp, shadowing los nlos

	
	
	Jeff Foerster
	· signal distortion not really discussed other than in marcus' presentation

	
	
	Marcus Pendergrass
	· distortion other than delay and amplitude should be understood and what relative error it causes

	
	
	Vinko Erceg
	· modeling error (frequency dependent losses)

	
	
	Saeed Gassemzadeh
	· what are parameters to measure error

	
	
	Marcus Pendergrass
	· don't just match to mean, important to capture distribution stat fit to scen, how to accurately generate

	
	
	Jeff Foerster
	· distortion not included in model, not much input, but based on marcus' presentation it is not significant

	
	
	Jeff Foerster
	· any general comments before getting into path loss model

	
	
	 
	· what doppler expectations proposers should address? given packet nature we should not see impact

	
	
	Andreas Molisch
	· direction/angle of arrival to be included?

	
	
	Jeff Foerster
	· not many contributions, not enough data for model.  Multiple antennas not desired

	
	
	Kai Siwiak
	· doppler (shrink or expand pulse), we should not think doppler, sudden appearance of ray path but not distortion of pulse.  Fine detail not worth considering

	
	
	Jeff Foerster
	· assume slow moving channel, characterize as time varying channel

	8:52 AM
	
	Jeff Foerster
	START WITH PATH LOSS, STAN TO REVIEW QUESTIONS FROM MINUTES

	
	
	Jeff Foerster
	· what proposers to do with model

· random path loss model, exponent

	
	
	 
	· path loss in link budget in jeff's model (110, 200 mbps)-how does proposer expect to close the link

	
	
	Saeed Gassemzadeh
	· path loss with free space, where rx relative tx (always los?)

	
	
	Jeff Foerster
	· does it make sense to work through link budget analysis

	
	
	Saeed Gassemzadeh
	· like link budget table but want more parameters

	
	
	Matt Wellborn
	· like link budget (range vs rate) at 10 meters not much different from free space, center frequency should be considered

	
	
	Saeed Gassemzadeh
	· exponent of 7 observed

	
	
	Matt Wellborn
	· won't make 10 m, free space is fine

	
	
	Gadi Shor
	· shadowing in path loss or multipath model but must be included

	
	
	 
	· rx antenna gain a variable, tx is psd limited

	
	
	Vinko Erceg
	· isotropic, fixed antenna

	
	
	Jeff Foerster
	· assume 0 dBi for comparison

	
	
	Gadi Shor
	· include antenna in model or not?

	
	
	Jeff Foerster
	· assume fixed aperture or constant gain

	
	
	Gadi Shor
	· must have 0 dBi at tx, big difference in gain (freq. Dependency)

	
	
	Jeff Foerster
	· assume flat psd

	
	
	Andreas Molisch
	· test effect of non-ideal spectrum (not flat), provision to account 

	
	
	Jeff Foerster
	· leave 0 dBi for now, leave it to proposer to modify table

	
	
	Saeed Gassemzadeh
	· coverage percentile of 10 meters?

	
	
	Saeed Gassemzadeh
	· 84% with std dev of shadowing

	
	
	Jeff Foerster
	· once path loss model selected we should revisit question of coverage

	9:04 AM
	
	
	REVIEW GADI'S PRESENTATION (02/280)

	
	
	Gadi Shor
	· constant slope path loss (no shadowing), (LOS slope ~1.4, NLOS ~3.2)

	
	
	
	REVIEW SAEED'S (PATH LOSS) PRESENTATION (02/278)

	
	
	Saeed Gassemzadeh
	· mean path loss with variation about mean. Allows fixed model for average. Fixed at 1 meter (3.5 and 3.8 equation takes into worst case, based on total average rx energy)

	
	
	Kai Siwiak
	· other models don't address anything other than median performance (if this is the case 4.4 dB would be removed)

	
	
	Gadi Shor
	· shadowing as part of path loss in .11 (90%)

	
	
	Kai Siwiak
	· strive to make our model as basis for other stds

	
	
	Anuj Batra
	· free space (exponent = 2) to 8 m, exponent = 3.3 afterwards in .11g (link budget analysis referenced to CCK 11)

	
	
	Jeff Foerster
	· link budget at 2 distances 

	
	
	
	· table on slide 10 (1.7 mean)

	
	
	Kai Siwiak
	· smooth transition model, not recommended

	
	
	Kai Siwiak
	· theoretical link between delay spread and power law behavior (delay spread as distance-median propagation law)

	
	
	Gadi Shor
	· los or nlos not specified

	
	
	Jeff Foerster
	· which path loss model do we want to use (fixed or variable, los vs. nlos)

	
	
	Jeff Foerster
	· los @ 4 m, nlos @ 10 m

	
	
	Jeff Foerster
	· original proposal 10 at free space

	
	
	Saeed Gassemzadeh
	· keep all nlos (4 and 10), fixed 3.5 path loss exponent

	
	
	Jeff Foerster
	· how do we want to compare to .11?

	
	
	Jeff Foerster
	· think 15.3 use 15.2 model

	
	
	Andreas Molisch
	· los, nlos in different environments  (residential, conference hall)

	
	
	Jeff Foerster
	· analyze link margin of proposers

	
	
	Jeff Foerster
	· about 19 dB more than free space with 3.5 exponent from 0-10m

	
	
	Gadi Shor
	· where is shadowing taken into account

	
	
	Jeff Foerster
	· shadowing should not be included in path loss model, must normalized path loss model

	
	
	Jeff Foerster
	· keep free space at 4 and 10, target link margins should be up to 19 dB for 85% based on Saeed's findings

	
	
	Vinko Erceg
	· what about if PHY works at 7 m

	
	
	Jeff Foerster
	· haven't discussed how we evaluate 

	
	
	Andreas Molisch
	· 19 is for one specific distance, different margin for each distance

	
	
	Naiel Askar
	· 19 dB at 10, strict 50.5 at 1 vs 47

	
	
	Joy Kelly
	· use free space and state link margin

	
	
	Jeff Foerster
	· establish a target, compare different phy's and determine if none are good enough

	
	
	Saeed Gassemzadeh
	· not worried about shadowing (add 4 dB)

	
	
	Matt Wellborn
	· wpan is less robust than wlan (not 99% at 10 m), 19 dB is a lot!

	
	
	Matt Wellborn
	· requirements don't specify los, nlos

	
	
	Jeff Foerster
	· good to list target, 19 dB will be difficult to meet in a lot of systems

	
	
	Saeed Gassemzadeh
	· 19 dB assumes nlos, is overly restrictive for los case

	
	
	Saeed Gassemzadeh
	· recommendation to find out where we operating to define values

	
	
	Matt Wellborn
	· operation in nlos will require additional link margin

	
	
	Andreas Molisch
	· it is ok within the std but how to implement

	
	
	
	REVIEW KAI'S PRESENTATION (02/301)

	
	
	Kai Siwiak
	· gave statistical average vs. specific

	
	
	Jeff Foerster
	· saeed's data integrated over frequency

	
	
	Marcus Pendergrass
	· integrating over sphere, if nlos then sphere is not appropriate shape

	
	
	Jeff Foerster
	· fixed free space path loss, suggest 10dB or more link margin in certain environments, reference saeed's and kai's presentations

	
	
	Naiel Askar
	· implementers will use rx antenna gain to address

	
	
	Jeff Foerster
	· must make note about antenna gain

	
	
	Anuj Batra
	· 10 dB may be too much, path loss and MIP needed

	
	
	Matt Wellborn
	· need specific text for documents (I.e. 02/104, 02/105)

	
	
	Jeff Foerster
	· put results in text form and send out by end of week

	
	
	Anuj Batra
	· recommend  (MIP that can generate realizations), path loss for range and rate

	
	
	Anuj Batra
	· 2 ray model, 15.2 does have 2 ray model

	
	
	Vinko Erceg
	· los & nlos and distance (path loss)

	
	
	Jeff Foerster
	· link margin at specific distance interesting

	
	
	Jeff Foerster
	· free space  target nlos (3.5 exponent), los (free space + std dev), 

	10:08 AM
	10:09 AM
	Jeff Foerster
	RECESS UNTIL 10:30, ROOM AVAILABLE UNTIL NOON

	10:09 AM
	10:56 AM
	
	BREAK

	10:56 AM
	10:57 AM
	Jeff Foerster
	RECONVENE, FOCUS ON MULTIPATH MODEL

	10:57 AM
	
	
	REVIEW SAEED'S PRESENTATION (02/283)

	
	
	Saeed Gassemzadeh
	· model good for 1.5 GHz, (hi time res)

	
	
	Saeed Gassemzadeh
	· did not look at mip profile (similar to SV, delta K)

	
	
	Matt Wellborn
	· model would be generated with tap delay line

	
	
	Saeed Gassemzadeh
	· ricean distribution of amplitude (40 dB) not moving

	
	
	Saeed Gassemzadeh
	· profiles changing from location to location, did not fit distribution (intel log-normal distribution of tap values)

	
	
	 
	· smallest 35 ft x 25 ft, 65 ft L x 35 ft w (if comparable business), major factors are reflectors

	
	
	Dave Leeper
	· business more hostile due to metal

	
	
	Saeed Gassemzadeh
	· taking measurements this summer for businesses and mdu

	
	
	
	REVIEW MARCUS'S PRESENTATION (02/294)

	
	
	Marcus Pendergrass
	· not analytical model (0-4, 4-10… statiscal model), signal distortion not significant to worry about, data available for 3 statiscal model, recommendations of what model should do, MIP, distribution of multipath arrival time, simplicity but fit data, channel realizations of CIR, don't fit to mean but to distribution, settle on set of metrics for goodness of fit, K-S test or Bhattacharyya distance

	
	
	Marcus Pendergrass
	· negative recommendation for 802.11 and delta K (.11 exponential delay)

	
	
	Joy Kelly
	· if no analytical model, recommend using statistical model

	
	
	
	REVIEW ANDY'S PRESENTATION (02/285)

	
	
	Andreas Molisch
	· small scale and large scale parameters separate (small nakagami not rayleigh, small scale on each multipath arrival)

	
	
	Andreas Molisch
	· mean of m a function of delay

	
	
	 
	· NLOS only, frequencies of consideration, BW (data)

	
	
	Jurgen Kunisch
	· nakagami comment, jk found rayleigh distribution, energy averages use nakagami, excess vs. absolute delay, can't always find nakagami statistics-rayleigh ok

	
	
	
	REVIEW JURGEN'S PRESENTATION (02/281)

	
	
	Jurgen Kunisch
	· in dense multipath region, rayleigh

	
	
	Saeed Gassemzadeh
	· separate dense vs. non-dense

	
	
	Jurgen Kunisch
	· all measurements had dense multipath, 

	
	
	Saeed Gassemzadeh
	· different in residential?

	
	
	Jurgen Kunisch
	· have made residential measurements, doesn't look different, with strong echo (LOS) is different

	
	
	Jurgen Kunisch
	· can reproduce m value of nakagami (m value decreases with excess delay), variance high and goes down with delay

	
	
	Jeff Foerster
	· what parameters were you trying to match?

	
	
	Jurgen Kunisch
	· decay of cluster related to rms delay spread 

	
	
	Jurgen Kunisch
	· combine MP model with path loss models proposed (development option)

	
	
	Jurgen Kunisch
	· focus of model, move rx for tracking purposes

	
	
	Jeff Foerster
	· relative to doppler, given packet assume slow moving during packet transmission

	
	
	Andreas Molisch
	· directional characteristics of diffuse parts

	
	
	Jurgen Kunisch
	· must provide enough sources for diffused MP as well

	
	
	Jeff Foerster
	· echo arrival and diffuse components

	
	
	Jeff Foerster
	· gnp chart, 16-20 db down

	
	
	Jeff Foerster
	· how many strong echo arrivals?

	
	
	Jurgen Kunisch
	· los 5, nlos 8-10 (in 02/281)

	
	
	Jeff Foerster
	· 1-11 GHz, did you look at 3-11?

	
	
	Jurgen Kunisch
	· sub-band 1-5, 3-5, 3-6 assessment is work in progress, looks ok from initial view

	
	
	Jeff Foerster
	· 100 or 1000 realizations to generate (where are virtual souces located)

	
	
	Jurgen Kunisch
	· strong echos and  MP different from one realization to another

	11:56 AM
	
	
	MORNING SESSION WRAP UP

	
	
	Jeff Foerster
	· running out of time, pick up discussion tomorrow

· match s-v model to jk model, different frequency band (3-11)

	
	
	Marcus Pendergrass
	· make data available but not code up several models

	
	
	Jeff Foerster
	· s-v model looks to have enough parameters, (down to sv and jk models)

	
	
	Jeff Foerster
	· there are differences in Inte'sl and Jurgen's measurements that need to be resolved

	
	
	Jurgen Kunisch
	· how you determine echoes, mean rms delay spread, Np (threshold) what distribution, mean excess delay (distribution), amplitude distribution

	
	
	Jurgen Kunisch
	· some parameters given in baltimore paper, could generate others if needed

	
	
	Jeff Foerster
	· make measurement characteristics similar to match s-v and virtual source

	
	
	Marcus Pendergrass
	· 2 dividing lines (time and freq, grid vs. set locations)

	
	
	Jeff Foerster
	· talk more about how to make measurements consistent

	
	
	Jurgen Kunisch
	· noise cutting, if so what level, freq vs time based

	
	
	Jurgen Kunisch
	· regarding amplitude discussion, work planned in a couple of weeks

	
	12:06 PM
	Jeff Foerster
	· reached a good position on path loss, progress on multipath, next steps to match data (next month or so)

	12:06 PM
	
	Jeff Foerster
	RECESS UNTIL THURSDAY, BREAK FOR LUNCH


THURSDAY, 7/11/02

	Start Time
	End Time
	Contributor
	Notes

	8:09 AM
	10:00 AM
	
	MORNING SESSION

	
	
	Jeff Foerster
	· good progress Wed. (convergence on path loss not much on multipath)

	
	
	Jeff Foerster
	· document number to be established for overview presentation used in this session

	8:26 AM
	
	 
	OPEN FOR DISCUSSION

	
	
	Huan Kam Chen
	· is doppler significant relative to local clock drift

	
	
	Ivan Reede
	· what is maximum speed of nodes in piconets

	
	
	Jeff Foerster
	· need a proposal

	
	
	Rick Roberts
	· have a problem, CFA did not address 

	
	
	Jeff Foerster
	· what, when (set expectations of follow on work)

	
	
	Jeff Foerster
	· assume we have until sept. to finish (pick 1or 2)

	
	
	Rick Roberts
	· group needs work plan (emails, conf. Calls…) would like it to be done before sept., have report at opening of sept. meeting

	
	
	Jeff Foerster
	· draft certainly by sept.

	
	
	Saeed Gassemzadeh
	· need applications

	
	
	Matt Wellborn
	· reference document 02/104 for applications

	
	
	Andreas Molisch
	· future work to occur to extend model

	
	
	Jeff Foerster
	· jurgen's model rayleigh distribution but did not have threshold, don't know what effect this has

	
	
	Saeed Gassemzadeh
	· what is impact of bandlimiting jurgen's data?

	
	
	Jeff Foerster
	· would like 3-11 GHz focus

	
	
	Jeff Foerster
	· how to model spatial variations vs. time variations for saeed's data

	
	
	Saeed Gassemzadeh
	· thinks jurgen's model sees rayleigh due to wide bandwidth of sample set

	
	
	Saeed Gassemzadeh
	· questions continuing work based on useablity/applicability

	
	
	Matt Wellborn
	· encourages work to continue 

	
	
	Saeed Gassemzadeh
	· fitting data to sv model, not good fit thus far

	
	
	Jeff Foerster
	· model good enough to evaluate PHY proposals

· sv best fit of models looked at thus far

· single model with parameters vs. multiple models

	
	
	Ivan Reede
	· prefer equation to determine (single model with parameters)

· equation should represent worst case environment

	
	
	Rick Roberts
	· mandatory model, optional models (as many as you want) brownie points for simulations against those models

	
	
	Marcus Pendergrass
	· if one model fits all data good, if not we need more models

	
	
	Saeed Gassemzadeh
	· different measurement rules in various data sets presents challenge of 

	
	
	Joy Kelly
	· we should establish benchmark model for comparison

	
	
	Jeff Foerster
	· sv, virtual source (IMST), fixed path with random variation (AT&T), 3 models for further investigation

	
	
	Ivan Reede
	· what about interferers in UWB? 

	
	
	Joy Kelly
	· addressed in 02/104 interference susceptibility section

	
	
	Michael Dydyk
	· if had to pick a model today, which one?

	
	
	Jeff Foerster
	· sv (work on distribution, nakagami), still trying to understand IMST

	
	
	Jeff Foerster
	· jk open to do additional work

	
	
	Marcus Pendergrass
	· jk that is orthogonal to sv (doppler), sv nice if you want 1000 realizations without doppler consideration

	9:26 AM
	
	 
	NEXT STEPS

	
	
	Jeff Foerster
	· objectives not achieved through conference calls alone (work followed by conference calls to summarize)

	
	
	Jeff Foerster
	· mid august to select MP model

	
	
	Jeff Foerster
	· fit to sv determine what parameters 

	
	
	Jeff Foerster
	· provide characteristics of data for 3 parameters to jf to determine fit to sv model

	
	
	Joy Kelly
	· suggest using energy capture ratio vs. hard threshold

	
	
	Marcus Pendergrass
	· will determine relationship of 20 dB hard threshold and ~85% energy capture

	
	
	Matt Wellborn
	· sv model in literature, objective not specifically to create a new model if adaptation serves need

	
	
	Anuj Batra
	· straw poll for serial vs. parallel effort, serial ok but which one to start with?

	
	
	 
	· straw poll for approach outlined in jeff's overview document 

· 27-4-7 (move forward with plan)

	10:00 AM
	
	 
	RECESS


Appendix A: Proposal Assessment Inputs Received

-----Original Message-----
From: Hirohisa Yamaguchi [mailto:h-yamaguchi4@ti.com]
Sent: Wednesday, July 10, 2002 12:33 AM
To: jeffrey.r.foerster@intel.com
Subject: Comments on UWB Channel Model 
Jeff,     
 

Thank you for your chair at the 802.15.3a Tuesday Channel Model Session.
Here are my comments on the model proposals.
 

	Information (document No)
	Measurement data
	Likes
	Dislikes

	Ultrawaves (280)
	School building
	Reliable data collection
	Gamma=1 conclusion is questionable. Data analysis is not complete

	AT&T (278,283)
	Home
	Reliable data collection
	Model is problematic for high time-res simulation. 

	IMST GmbH (281)
	Office
	Detailed model fit with the actual measurement possible 
	Virtual source must be appropriately defined. Channel model is rather complex. Implementation is not easy and hard to check. Simulation would become slower compared with other models.

	USC 
	School
	Reliable data collection
	Not much channel model information

	Time Domain (240,295)
	Home
	Some channel model analysis helped our understanding
	No channel model proposed

	Intel (287)
	Home
	Measurement and model fit well based on the analysis using three models. Channel model is easy to implement and easy to integrate. Simulation is fast.
	Path count threshold discussion was not complete 

	TRW (286)
	Office
	Model close to Intel's
	Not much channel model information

	
	 
	 
	 


  
–My best choices are
 

(first) Intel (286)
(second) IMST GmbH (281)
 

Combining these two is possible but if the Intel model performance is close to the IMST model, let's take the Intel mode. It is also possible to accept two models as two independent tools for our use.
 

For the Intel model, further considerations are needed in
 

(1) Consideration for the fine-resolution simulation. Path amplitude correlation, etc. Take Anuj's comment into consideration.
 

(2) Distance-dependency of the model parameters. We provide two or three a-priori defined models only, or make the model versatile for anyone?
 

I hope these comments helps.
 

Best regards,
 

Hirohisa Yamaguchi
 

Texas Instruments
h-yamaguchi4@ti.com
 

 

Appendix B: Summary notes from Jeff Foerster (Channel Model Subcommittee Chair)

Wed. Planning meeting

General

What do we want from a channel model?

· Different channel BWs

· Yes!

· Parameterizable to fit different sets of measurements (home, office, other)

· For example, it would be nice to see if contributors could try to match their own data to the model, which could be used as additional parameters

· Set specific parameters for requirements 

· Should the committee provide actual realizations to test against, or let the proposers generate their own channel realizations?

· Provide them with code to generate simulation.

· Don’t want done on specific set of realizations…needs to be a big set.

· Use min. number of runs (1000 realizations) or a common Matlab model.

· Make statistics compatible.

Expectations for channel model use:

· How many channel realizations should the proposers average over?

· Generate a number of realizations and pick 1-5 as representative of the set as ‘worst case’ or 90% ‘worst case’.

· 802.11 and 802.16 use 5 realizations

· 3GPP…use number of test cases.  Use a scaling…first give only small number + a large number later.

· Target parameter we want to measure (RMS delay spread, etc.)

· 802.15.3…parameterized with RMS delay spread.

· How many different channel environments (LOS, NLOS, different RMS delay spread) should be considered?

· 110 Mbps at 10m, 200 Mbps at 4 meters

Characteristics of channel measurements that we want to model

· Amplitude distribution

· Mean RMS delay spread

· Mean excess delay

· Mean number of paths about X dB

· Distribution of RMS delay spread, excess delay, number of paths (Gaussian)

· Shadowing + path loss exponents (LOS and NLOS)

· Other?

· Distortion (?)…Marcus…about 15% of energy was distorted (how close was model to data?)

· Doppler…need to define….assume slow moving channel that can be assumed constant for the transmission of a single packet.

· DOA

Path Loss Model (Shor, Saeed, Siwiak)

Expectations

· What do we want the proposers to do with this model?

· Q: Should we include a link budget model to include in the ‘Range’ selection criteria?

· Different environments (LOS, NLOS)

· More values for path loss model

· Include in range vs. rate requirements in selection criteria

· Yes, include link budget model

· Leave Rx antenna gain a variable parameter (0 dBi)

· Shadowing in path loss model or multipath model

Go through proposals with advantages/disadvantages

· Antenna or piecewise approach

Gadi

· Tx power assumptions

· Single curve or piece wise

· Source of data will be available 

· Environment

· Recommendation: Constant slope for LOS (1.4) and NLOS (3.2, 3.3, 3.8)

Saeed

· Averaging path loss

· Center frequency of measurement

· Average vs. typical in measurements

· Recommend Exp. 3.5 + 3.8 dB margin for std

Kai

· Recommendation: limited data set…link between delay spread and path loss.

· Smooth transition from free space to higher order power law

Q: Fixed or random path loss model?

· Keep all NLOS?

Q: If fixed (Shor, Siwiak)

· Fixed free space + 

· desired target for link margin of 10 dB or more at 10 m for NLOS (3.5 path loss exponent + 3.8 dB std of log-normal shadowing) [add references]

· Refer in the text the equations to account for target link margin

· For NLOS and LOS (free space)

· desired target for link margin of X dB at 4 m for LOS

· Based on total average received power

· Antenna gains will go towards directly improving link budget

· Different margin

· Different path loss vs. distance

Q: If random (Saeed)

· Which parameters should be random?

Multipath model

Go through proposals with advantages/disadvantages

Models that we have:

(Jurgen): Virtual sources for clustering

· Nakagami or Rayleigh…samples were actually Rayleigh

· Multicluster impulse response (logical model to mimic what is found in measurements)

· Match channel characteristics (decay coefficient of cluster (related to RMS delay spread is matched), matches RMS distributions of the measurements)

· Match path loss with multipath model

· Doppler modeling (should it be included in model)

· Can try to match with other data sets

· Have not looked at different bands (3-11 GHz)…work in progress

(Andy): Arrival at every path

· Keep small scale and large scale effects apart

· Keep decay time constant at random variables

· Small scale fading are Nakagami (not Rayleigh)

· Nakagami parameter changes with delay spread

· Mean and variance decreased with increasing delay

· Difficult to fit model to small scale

· Would low frequencies and bandwidth change the characteristics of the fading

(Saeed): Arrival at every path

· Median delay profile + random variation about median

· High time resolution (0.8 nsec min. resolution)

· FIR filter with 0.8 nsec spacing.  Threshold could be used for removing some taps.

· Amplitude distribution…Ricean with K-factor greater than 40 dB (didn’t look at spatial differences in channel)

· Simulate relative power

· How would change as a function of environment (businesses)

· Didn’t see consistently strong direct path component compared to multipaths

(Marcus): Not 802.11 and not delta-K

· How to handle energy capture (85% vs. 95%…diminishing returns)

· Provided statistical characterization of channel

· Signal distortion not a big issue to consider at this time

· Recommended things the model should include

· MIP should be specified

· Distribution of multipath arrival times

· Model should be able to fit proposed data

· Simplicity

· Provide channel realizations in form of channel impulse response

· Do more than just fit the mean (can fit the means well, but not distributions)

· Quantify goodness of fit.

· Negative result for 802.11 and Delta-K

· Could just use actual measurement data if model cannot fit data

(Cramer): S-V model.

(Jeff): S-V model.

Q: Adopt a discrete time model?

· Fixed delays or allow for continuous delays?

Q: Path arrivals

· Fixed

· Random (clustering)

Q: Arrival methods

· S-V

· Virtual Sources

· Delta-K

Q: Arrival amplitudes

· Rayleigh or not?

· If not Rayleigh…lognormal, other?

Items not addressed by presentations:

· Distortion of signals through walls, reflections

· Doppler bandwidth?

Comments

· Need clear definition of statistics

· Need clear normalization

· How to block out noise

· Nakagami statistics…how to determine

Thursday agenda

· Kai to discuss sections of Selection Criteria that the channel model should address

· Jeff to summarize discussions on Wed., and list open issues

· Jeff to summarize next steps…how to normalize 
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