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MONDAY, 15 NOVEMBER 2004
Session 1 
The task group (TG) chairman, Bob Heile, called the session to order at 2:12 PM

The chairman made the following announcements:  
· MMAC (Multimedia Mobile Access Communication System) Forum is organizing a Task force for interference for UWB – asking for 

Call for contributions:
	
	
	Contribution Presentation Worksheet
	
	

	Item
	Name
	Doc title
	Ref
	Time

	
	
	
	
	

	1 
	WELBORN
	Extended CSM
	341 
	30 

	2 
	ZHANG
	SSA pulse waveform
	499 
	30 

	3 
	CHOI
	Implementation of virterbi decoder
	467 
	20 

	4 
	GAFFNEY
	Performance of MB OFDM in fading channel
	484 
	30 

	5 
	CORRAL
	Multi-band OFDM Interference on In-band QPSK…
	451 
	45 

	6 
	LARSSON
	Impact of MB-OFDM and DS-UWB interference…
	609 
	35 

	7 
	BARR
	FCC waiver request overview
	624 
	30 

	8 
	MCLAUGHLIN
	DS-UWB simulation results
	483 
	30 

	9 
	AIELLO
	Facts and misconceptions about MBOA waiver request
	627 
	30 

	TOTAL
	 
	 
	280 


The chair asked for approval of the agenda document 15-04-0577-04-003a; John Barr made a motion to accept the agenda and Ian Gifford seconded it. The agenda was approved by unanimous consent.
The chair then asked for approval of the minutes document 15-04-0497-04-003a  
Motion to accept the minutes was from Ian Gifford, seconded by Ian Gifford. The minutes were then approved by unanimous consent.
Matthew Shoemake started the discussion on no vote comments received stating that the following presentations are in document:  15-04-0641-00-003a
Joy Kelly then covered the following points from document 15-04-0641-00-003a:

· Overview of FCC Compliance / Interference 

· Summary of main opposing comments & claims

· MB-OFDM will increase the potential for interference
· Not true, as will be shown here

· Granting the Waiver will give MB-OFDM an unfair advantage (increased range) relative to other UWB technologies
· Not true, even by opposer’s claims

· Waiver will ‘open the door’ to other systems seeking relief from the rules
· Scope of Waiver is narrow and does not impact most of the FCC rules

· FCC should wait for more data and delay making a ruling
· Reply comments provide comprehensive data; no new information will come from more tests on the 3-band MB-OFDM waveforms

· Waiver is not in the public interest and will negatively impact small businesses
· MBOA SIG represents 170+ companies, including many small start-ups

· MBOA technical justification is filled with errors 
· Inclusion of WGN in comparisons ‘masks’ MB-OFDM interference potential
· Thermal noise and other interference sources are a reality

· Wrong BER operating point
· BER criterion based on quasi-error free performance

· Field measurements are invalid 

· Same position and separation distance tests are valid and reflect real systems
· Simulations results are wrong because they included noise
· Noise is a reality and simulation results are supported by lab and field measurements
· APD analysis is erroneous
· Shown to be technically accurate using NTIA code

· Summary of technical points

· No greater interference than systems allowed by FCC rules

· Bandwidth of information-carrying tones is 503.25 MHz

· MB-OFDM technology advantages

· Band switching (the multi-band concept) 

· OFDM advantages

· Spectrum flexibility will be necessary to enable worldwide interoperability and to adapt to future spectrum allocations
· No greater interference:

· C-band satellites

· 802.11a devices

·  Other UWB devices

· No risk of aggregation
· MBOA C-band Satellite field test results
· Same Position Testing
· Safe Distance Tests

· Interference to 802.11a
· Test Set-up for Interference Measurements to 802.11a

· Test Description

· Measurement results

· Example BER results for 802.11a comparing MB-OFDM & AWGN

· 802.11a AGC Performance in the Presence of MB-OFDM Transmission
· 802.11a Packet Detection & AGC Performance in Presence of AWGN & MB-OFDM Interference
· MB-OFDM Interference Impacts to 802.11a Systems:  Conclusions

· Measurement results already presented to this IEEE body confirm that:

· MB-OFDM signal and AWGN have similar interference impact to IEEE802.11a receiver

· MB-OFDM signal does not adversely affect packet detection and AGC convergence performance of IEEE802.11a devices

· Opponents’ Claims regarding MB-OFDM Interference to other UWB systems

· Freescale states (4.4.2, p. 23 of “Technical Analysis …”): ‘Other UWB receivers will be injured by the MB-OFDM emissions at least as much and often more than all the other victim systems since their bandwidths are so similar.  While on its face, one would expect the 6dB higher emission limits to single out MB-OFDM devices for a 2X range advantage, the actual outcome is even worse. The noise floor of all other UWB devices would be raised far more by MB-OFDM devices than other classes of UWB devices.’

· Pulse-Link states in Section III of their “Comments …” : ‘Granting the waiver would allow the MBOA radio to more successfully jam the DS-UWB radio since it will be allowed an increase of power in band.’

· TimeDerivative states: ‘This additional power poses a significant additional risk to other UWB communications equipment.’

· No evidence has been shown to support these claims.

· Reality: MB-OFDM Interference to other UWB systems

· On the contrary, consider the following example: 

· Assume an MB-OFDM signal which occupies a total bandwidth of 3*528 = 1584 MHz 

· peak power spectral density (PSD) during the OFDM symbol ‘on’ time is 5.8 dB above average PSD
· occupied bandwidth of one symbol is ~500 MHz.  

· Evaluate interference experienced due to this signal by an impulse radio system occupying the same total bandwidth of 1584 MHz (for comparison, Freescale’s proposed DS-UWB system defines impulse radio modulation using impulses of bandwidth 1320 MHz and a PRF of 220 MHz to deliver a data rate of 110 Mbps.).
· Assume interference much higher than system noise.
· At any given instant, one 500 MHz portion of impulse radio’s occupied band is impacted by an MB-OFDM symbol 

· Impulse radio receiver matched filter integrates all interference power over the full bandwidth of 1584 MHz.

· Thus, the total instantaneous interferer power[1] at the output of a 1584 MHz matched filter is 

· IMB-OFDM = (-41.3 + 5.8) dBm/MHz + 10*log10(500) MHz = -8.5 dBm

· [1] Instantaneous interference power refers to the maximum interference power to be expected while the interference source is active or ‘on’.

· total instantaneous interferer power at the matched filter output from another impulse UWB radio system occupying the same 1584 MHz bandwidth would be

· IDS-UWB = (-41.3) + 10*log10(1584) =  -9.3 dBm

· MB-OFDM system offers at worst 0.8 dB higher potential interference in this example  

· Furthermore, if we consider a more realistic set of conditions, this modest impact would be reduced still further.

· including system noise in addition to the interference

· Accounting for target DS-UWB system FEC protection

· MB-OFDM systems will not increase aggregate interference levels
· No greater interference:
· Comparisons of various UWB waveforms impact to a generic wideband DVB receiver
· Victim Receiver

· BER Criterion for Digital Video

· Fundamental assumptions:
What is the right BER criterion?

· Fundamental assumptions: System Noise must be considered in the analysis

· Noiseless 7/8-Rate Coded Results

· Impulsive Interference and FEC

· ¾-rate Coded Results (with noise)

· ½-rate Coded Results (with noise)

· LAB Measurement Results

· Results show that the order of interference impact starting with most benign is:
· AWGN

· 3MHz PRF impulses
· Cyclic Prefix MB-OFDM
· Zero Prefix    MB-OFDM
· 1MHz PRF impulses

· Conclusions on Interference Impact on Wideband DVB Receiver

· Under realistic, worst-case scenarios, MB-OFDM produces consistently less interference than a class of impulse radios already allowed by the rules

· No greater interference: 
APD Analysis

· Variation with I/Nsys ratio

· Variation with Victim Rx BW

· Summary of APD results

· APD analysis is correct and verified using NTIA code

· APD results for various receiver bandwidths and different TFI codes provided in back-up slides for more information
· In bandwidths of 4MHz or less, the MB-OFDM waveforms are nearly identical to an ideal AWGN source for any given probability.
· For large bandwidths, the APDs are almost identical regardless of which TFI code is used (1,2,3,1,2,3 or 1,1,3,3,2,2).

· MB-OFDM Power Levels

· MB-OFDM Bandwidth

· MB-OFDM Technology Advantages for Coexistence with Existing & Future Services

· Benefits of MB-OFDM Systems

· Coexistence Benefits of MB-OFDM Systems 

· No other UWB technology can achieve the level of spectrum flexibility provided by MB-OFDM and still meet stringent market requirements (low cost, complexity, power consumption)
The session recessed at  3:31 PM
Session 2  

The task group (TG) chairman, Bob Heile, called the session to order at 4:02 PM

Questions on Joy Kelly’s presentation covered the following points:

Answered by Joy Kelly and Charles Razzell:
· Publicly available documents from FCC
· APD analysis and characteristics of a particular receiver/victim
· NTIA – APD plots & bit error rate

· MB-OFDM Interference

· Average-Power Compliance – exact measurement
· Out of band emissions

· Measurement of interference with C-Band systems

· Satellite Industry approval

· Opponents reference – commentors
· Filing to FCC – Oct. 21, 2004, perhaps the group could have seen this sooner, and are publicly available

· Document 268r4 vs. document 493r1 – what document will be referring to during confirmation – 493r1 was an updated document built from 268r4 vs. MBOA
· MBOA v1.0 spec. – not part of IEEE

· Coexistence and the spectral density – spectrum shaping presented by TI at an invited conference – using software or digital hardware 

· Software defined radio possibility,  If the current FCC regulations do not allow this – how will we proceed?  If deployed today 500Mhz bandwidth is required. Such flexibility is attractive.
· Scope of waiver – wave form specified is a three band waveform, it affects the measurement procedures – see the filing attachments A, B, & C
· AWGN Power Interference – measurement outside of MBOA

· Peak power limit – 1 Mhz reference
· Dropping tones is not a good and the best methods might be sub-gigahertz, both proposals need to understand coexistence
· Interleaving 3 bands sequenced in time provides 1.5 GHz spectrum use for improved diversity relative to not shifting

· Notching – out of band emissions
Matthew Shoemake then presented the following points from document 15-04-0641-00-003a:
· Support of 15.3 MAC

· The MultiBand OFDM PHY proposal is designed to work with the IEEE 802.15.3 MAC

· The proposers of the MB-OFDM solution are not aware of any issues that would prohibit operation of the MB-OFDM PHY with the IEEE 802.15.3 MAC

· If the commenter has specific technical concerns about interface of the MB-OFDM proposal to the IEEE 802.15.3 MAC, those detailed comments are solicited

· There’s a different MAC

· IEEE can not control external organizations nor should that be our goal

· The goal of IEEE 802.15.3a is to help organizations and companies by setting standards, not to force anything upon them

· The existence of multiple MACs should not be a distraction to the IEEE 802.15.3a deliberations

· IEEE 802.15.3a can do a service to the industry by confirming a new PHY standard
· WiMedia Certification

· The success of a standard often depends on interoperability testing and certification

· The IEEE 802 Standards body has abdicated responsibility for testing and certifying compliance of products

· Given that, there is no direct control over organizations such as Wi-Fi, DOCSIS, WiMedia, WiMAX, UNH, etc.

· IEEE standards are intended to help companies and the population as a whole including organizations like WiMedia

· The IEEE should be supportive and appreciative of external organizations that test and certify IEEE standards based products
Questions were answered on the following points:

· Standards organizations outside the IEEE  

· WiMedia – trying to look at the actual applications and made a choice outside of  IEEE – 
· Different MAC – discussion was cut off

The chair reminded the group that outside organizations have nothing to do with IEEE decisions and that we are making decisions on the technical achievement and merit of meeting the PAR. 

· Including reply document with current proposal – how do we deal with comments?
· Regulations are not in place yet.

· IEEE 802.15.3a Phy standard will work with 15.3 MAC, if it works with other MACS it is not important here

· Possible multi – phy

· Premises behind comments on 802.15.3 MAC questions – alternate physical layers, is there any problem behind choosing a solution based on working with inside IEEE and outside IEEE.

· Alternative – MBOA MAC merged into IEEE

Joe Decuir then presented the following points on location awareness document 15-04-0641-00-003a:

· Ranging and Location Awareness

· MB-OFDM must have a clear, satisfactory solution to solve the location awareness problem. 

· MB-OFDM proposal is lacking in acceptable location awareness functionality.
· MB-OFDM PHY supports range measurements

· Ranging is one-dimensional location awareness

· The MB-UWB PHY supports ranging using Two Way Time Transfer algorithm (TWTT, 15-04-0050-00-003a)  

· PHY resources are described in 1.7 of 15-04-0493-00-003a
· minimum resolution in the order of 60cm 
· optional capabilities in the order of 7cm

· The corresponding MAC resources are beyond the scope of TG3a.
· see 15-04-0573-00-004a-two-way-time-transfer-based ranging.ppt for an overview, as contributed to TG4a ranging subcommittee

· Applications and 2-3 dimensional location awareness are above the MAC. 
· see 15-04-0300-00-004a-ranging-rf-signature-and-adaptability.doc

· The MB-UWB PHY ranging support is only a part of location awareness.

· 802.15 TG3a has seen very little location awareness work.

· 802.15 TG4a is actively studying location awareness
· see 15-04-0581-05-004a-ranging-subcommittee-report

· Their consensus: location awareness transcends the PHY.
· It is unrealistic for the PHY layer to construct or maintain 2 or 3 dimensional models of a device location.
· Ranging and/or angle-of-arrival measurements are within the scope of the PHY (and MAC).

· They have studied several algorithms; no choice have been made.

· TWTT uses minimal additional hardware
· Angle-of-arrival requires multiple antennas

Questions were answered by Joe Decuir on:
· Precise ranging – resolving multipath
· What constitutes acceptable
· Detail on implementation
The session recessed at  5:55 PM

TUESDAY, 16 NOVEMBER 2004

Session 3 

The TG chairman, Bob Heile, called the session to order at 1:30 PM

Joy Kelly showed the outline (slide 2) in document 15-04-0641-01-003a.  Joy also told us that questions on the next four short presentations will be held after they are complete, or following the final presentation by Jim Lansford.
David Leeper presented the following points on coexistence document 15-04-0641-01-003a:
· I suggest that the Merged Proposal #1 and Merged Proposal #2 merge and become Merged Proposal #3
· Customers have indicated preference for a single PHY standard
· The clock frequencies and convolutional coder do not support a common signaling mode.
· CSM is not required for MB-OFDM and will add unnecessary cost and complexity.  Clock frequencies & conv coder do not need to support CSM
· I believe the commons signaling mode is a way of providing interoperability and coexistence with other UWB devices
· CSM is not required for MB-OFDM and will add unnecessary cost and complexity.  Clock frequencies & conv coder do not need to support CSM
· Merged Proposal @2 includes provision for a base signaling mord that would allow multiple PHYs to coexist.  In order for me to vote yes on Merged Proposal #1, there must be some type of coexistence mechanism
· CSM is not required for MB-OFDM and will add unnecessary cost and complexity.  Clock frequencies & conv coder do not need to support CSM
Charles Razzell presented the following points on Multipath Performance document 15-04-0641-01-003a:
No Vote comments were:

1. The performance in range and survivability even in moderate multipath is absolutely dismal.

2. Parallel and serial transport of the same data rate in the same bandwidth can be equally efficient against white noise, but the performance with multipath is materially weaker.   With direct-sequence spreading, the difference is even greater for multipath interference.

3. A single carrier system with “rake” receiver processing will receive and process more power from combined propagation paths than is possible with N multiple parallel paths each carrying 1/N of the message load (before considering the benefits spectrum spreading).

4. The [direct sequence] spreading causes the multipath to appear as an interference signal in particular chips. Errors in some individual chips reduces the power sum or Boolean sum relative to no errors, but does not prevent successful evaluation of the data value carried by that sequence.  This tolerance for chip errors is a property not found in OFDM which attempts to get this benefit with FEC.  Some fraction of corrupted packets might be saved by FEC, but this will be for those packets with a small number of errors. 

5. With MB-OFDM, there will be coverage holes where cancellation fades have occurred, and these will no be helped by more power or better error correction.  As a rough estimate based on tests at 5 GHz, there may be 5% of locations where a satisfactory decoding cannot be achieved.  At such holes, moving the antenna location a small distance may cause satisfactory signal to reappear.

6. The recent changes to the proposal to map data bits on the guard tones have shown that adding more diversity to the bit-tone mapping could help to improve the poor multipath performance of MB-OFDM. Please come up with a way that can add more diversity to these mappings (especially at higher rates, > 200 Mps) in order to compensate for the degraded performance caused by the Rayleigh-distributed multipath fading. Since the 6 dB degradation (@480 Mbps) identified in various other document has been improved by these recent modifications, please derive the new amount of degradation (e.g. 5 dB?) based on the new mappings for the various data rates proposed.
Replies are:

· System performance has been compared since March 2003 in standardized channel models CM1-4
· MB-OFDM has consistently performed well even in the most severe channel models
· The results speak for themselves: link distance at 110 and 200 Mbps is hardly impacted by multipath
· So, why the counter claims?
· Frequency diversity is not inherent in OFDM
· If all available sub-carriers are used to transmit independent information (without redundancy), each bit of information is subject to Rayleigh-distributed narrow-band fading
· In order to overcome this frequency-domain spreading is needed, which usually implies some redundancy
· Why is this not a big issue?
·  Frequency domain spreading in MB-OFDM is provided by a mixture of repetition coding and convolutional coding
· Even at 480Mbps (the worst case), sufficient spreading gain is available to obtain 3m link distances in NLOS channels.
· At 110Mbps, the scope for spreading has dramatically improved to approximately 6, partitioned as a factor 3 for FEC and 2 for repetition coding.

Joy Kelly presented the following points on Complexity / Power Consumption / Scalability

document 15-04-0641-01-003a:
· FFT vs. Direct Linear Convolution
· Since the UWB channel is highly dispersive, efficient reception requires coherently combining signal energy received at different times.

· This naturally leads to a RAKE or linear FIR filter structure in receivers

· It has been known since ~1966 that high speed convolution and correlation is best performed using FFT/IFFT methods.

· OFDM makes very efficient use of transforms:

· No overlap and save overheads incurred in the size of required FFT

· Only one FFT block is used whether transmitting or receiving (don’t need two transforms active simultaneously)

· FFT makes a highly efficient energy collection engine at the heart of the MBOA proposal

· XSI: Multi-path Energy Capture
· Need about 12 RAKE fingers in CM4 and 6 RAKE fingers in CM3 for  < 3 dB energy loss degradation.
· Further performance loss can be expected due to inter-chip interference, when a sparse RAKE is used

· FFT Complexity (Philips’ Estimates)

· MBOA OFDM can be achieved at very modest gate counts for the FFT core.

· Collated Complexity Estimates

· Based on information in P802.15-03/213r0 and P802.15-03/209r3

· Multiple companies have studied the complexity of the FFT and Viterbi cores dimensioned for the MBOA PHY.  All results point to feasible and economic implementation in current CMOS processes. 

· 802.11a vs. MB-OFDM complexity comparison

· Approach taken:
· Start with publicly available 802.11a implementation area estimates
· Scale these numbers for CMOS process/clock rate/data rate etc. variations

· Key points:
· 4 bit ADC vs. 10 bit ADC for 802.11a based on QPSK vs. 64-QAM, and other factors. This results in a scale factor of 40% for the signal processing area (assumed 60% of PHY) and no reduction for the bit processing area.
· 132 MHz BB clock rate vs. 40MHz for 802.11a. This results in a scale factor of 40/132.

· Summary of BB die area comparison results:
· MB-OFDM PHY silicon area for 110 Mbps solution
· Approx 86% of the area of the 802.11a PHY
· Calibration point: expected area of 802.11a PHY in 90nm is 2.6 mm2

· MB-OFDM vs. IEEE 802.11a power consumption comparison

· There are two significant components that differentiate the power consumption MB-OFDM versus IEEE 802.11a:

· * Power consumption number scaled based on Intel ADC: 5-bit, 520 MHz (linear scaling for frequency, doubling of power for every bit).

· MB-OFDM consumes 500 mW less at TX and at least 110 mW less at the receiver analog front-end when compared to IEEE 802.11a.

· Scalability

· Data rate scaling: 

· Data rates from 55 Mb/s to 480 Mb/s has been defined in the current proposal.  Higher data rates are possible with higher order modulation and/or increased FFT size.

· Power scaling:

· Implementers have the option to trade power consumption for range and information data rate.

· Complexity scaling:

· Digital section will scale with future CMOS process improvements.

· Implementers can trade-off complexity for performance.

· In a time-spreading scheme the same information is repeated during two symbol durations for data rates of 55 Mbps, 110 Mbps and 200 Mbps.

· Power savings can be obtained by turning OFF the receiver during the time repeated symbols at the expense of system performance.

· Majority of the digital section (except the Viterbi decoder) operates for only 50% of the time.

· Some of the analog components (LNA, mixer and ADC) can be switched off for a portion of the OFF time. Settling/transition time is approx. 70 ns for ramp down and ramp up of LNA, mixer, and ADC in a 130 nm process ( expected off time is approx. 172.5 ns (27.6% of 625 ns).

· 3 dB penalty in performance due to not collecting the energy from both of the time-repeated symbols.

· Complexity Scaling 

· For 110 Mb/s, the MB-OFDM system has a 90% link success probability distance in excess of 10 meters in all multi-path environments ( an excess margin of 3 dB for the 55 Mb/s mode.

· Can reduce both the analog and digital complexity/power consumption by reducing the bit precision:
· Ex: reducing ADC precision from 4 bits ( 3 bits.
· Ex: reducing internal FFT precision (reducing the bit-precision of a multiplier by 30% results in a complexity/power consumption savings of 50%).

· Conclusions on Scalability/Complexity

· The “heart” of the Multiband OFDM proposal is an extremely efficient method of (de-)convolution based on the FFT

· The FFT core is likely to require ~64k gates or less at quite modest clock speeds, according to multiple independent studies.

· Studies also showed that the Viterbi core for 480 mbps is feasible in
75-100k gates at the same clock speeds (~132MHz).

· These gate counts should be considered in the context of the overall system solution including hardware assisted MAC.

· Overall, the FFT gains us excellent, robust performance while remaining very economic to implement.

· Several options are open to implementers to further scale complexity and power consumption in exchange for performance.

Jim Lansford presented the following points on Time-To-Market from document 15-04-0641-01-003a:
No Vote Comments on: Time-to-Market

1. The earliest availability of silicon for this proposal is 2005. An alternative proposal has ICs available today, which have the ability to be adapted to the precise protocols laid down by the standard, within a very short time of the standard being issued.

2. The DSUWB solution has been shown to work and is commercially available.  I will not vote for Merge Proposal #1 unless it can be demonstrated, with real silicon, that it meets the PAR.

3. At least one competing standard has recently geared up it process and is threatening to snatch away a sizeable chunk from this standard’s targeted market.  MB-OFDM projects its chipset availability in 2005 (at the earliest). Its counterpart has already cranked out silicon out of the development cycle. 

4. It would be interesting to see some, ANY, working hardware demonstrating feasibility of the solution -- even a breadboard, because at this late date I can no longer accept PowerPoint Engineering.

Reply:
· TTM difference between proposals is months, not years.

· MB-OFDM chipsets operating at 480Mb/s have been demonstrated over the air, so in some ways, MB-OFDM is ahead of DS-UWB, not behind

· MB-OFDM silicon will be available in the market before a draft could complete the balloting process

· Demonstration silicon is available now

· Early products will be available in months

· History shows early chipsets have to be re-spun for standards compliance anyway

· The earliest availability of silicon for this proposal is 2005. An alternative proposal has ICs available today, which have the ability to be adapted to the precise protocols laid down by the standard, within a very short time of the standard being issued.

· The time difference in availability of silicon is much smaller than has been stated by MBOA opponents.  Commercial availability of chipsets will differ only by a few months, not years.  MB-OFDM chipsets will be in the market well before the draft specification could be completed.  Note that the IEEE802-SEC has taken the position of being against companies releasing chipsets and calling them "pre-compliant" when a standard has not completed letter ballot and sponsor ballot.

· The DSUWB solution has been shown to work and is commercially available.  I will not vote for Merge Proposal #1 unless it can be demonstrated, with real silicon, that it meets the PAR.

· At least one MB-OFDM company has demonstrated MB-OFDM proposal compliant silicon operating at 480Mb/s over the air.  This chipset meets the PAR for 200Mb/s operation, unlike the demonstrated DS-UWB product.  May we count on you switching your vote?

· At least one competing standard has recently geared up it process and is threatening to snatch away a sizeable chunk from this standard’s targeted market.  MB-OFDM projects its chipset availability in 2005 (at the earliest). Its counterpart has already cranked out silicon out of the development cycle. 

· Again, the time difference in availability of silicon is much smaller than has been stated by MBOA opponents.  Commercial availability of chipsets will differ only by a few months, not years.  MB-OFDM chipsets will be in the market well before the draft specification could be completed.

· It would be interesting to see some, ANY, working hardware demonstrating feasibility of the solution -- even a breadboard, because at this late date I can no longer accept PowerPoint Engineering.

· We agree.  Several MB-OFDM companies now have working silicon.  As mentioned in a previous response, working silicon operating over the air at 480Mb/s has been demonstrated which meets the PAR.  We are awaiting something other than Powerpoint for a DS-UWB demonstration
Jim then explained what was successful in 802.11b, etc. Home RF proprietary phy and the problems associated. He then asked all to vote for final confirmation tomorrow morning so to eliminate another groundhog day.
The following points were asked and answered on the previous four presentations:
· PAR – 110Mbs – 480Mbs
· FFT and Viterbi power and gates
· Home RF reference proprietary phy
· FFT crossover point of complexity

· Scalability and complexity– low rate comparison and growth to 480Mbs 
· Pictures of Phy and MAC on slide 97 document 15-04-0641-01-003a
· Reference to actual MBOFDM radios at IDF
· Side 80 document 15-04-0641-01-003a  - multipath performance
· Averaging window of 1ms for power density per FCC requirement
· Slide 56 document 15-04-0641-01-003a Peak Power Compliance
· Slide 90 document 15-04-0641-01-003a Power Scaling – repeated data in two bands back to back – frequency diversity – range by turning receiver off
· Slide 89 document 15-04-0641-01-003a Scalability – quantitative understanding
· Viterbi power requirements
· Wider bandwidth
· Modulation
· OFDM History
· Single carrier vs. Multiple carrier – each has advantages and disadvantages
· FFT doesn’t change going to next level, but viterbi changes
The session recessed at 2:42PM

WEDNESDAY, 17 NOVEMBER 2004
Session 4 

The TG chairman, Bob Heile, called the session to order at AM
The session recessed at AM

Session 5
The TG chairman, Bob Heile, called the session to order at  PM

The session recessed at PM
Session 6
The TG chairman, Bob Heile, called the session to order at  PM

The session recessed at PM

THURSDAY, 18 NOVEMBER 2004
Session 7
The TG chairman, Bob Heile, called the session to order at AM

The session recessed at AM

Session 8 

The TG chairman, Bob Heile, called the session to order at  PM

The meeting adjourned at PM[image: image1.png]
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