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THE g COMMESSi0
Ms. Magalie R. Salas, Secretary SRRy
Federal Communications Commission
The Portals, 445 12th Street, S.W.

Washington, D.C. 20554

Re: ET Docket No. 99-231

Dear Ms. Salas:

This letter reports that on December 1, 1999, the following representatives of the
Committee for Unlicensed Broadband Enablement (“CUBE”) - Kevin Negus of Proxim, Jim
Lansford and Peter Pitsch of Intel, Jeyhan Karaoguz, of Motorola, Stephen Berger, of Siemens,
and the undersigned - met with Dale Hatfield, Julius Knapp, Mike Marcus, Karen Rackley, John
Reed, Neil McNealy, and Greg Czumak (by telephone) of the Office of Engineering and
Technology. The purpose of the meeting was to discuss the Reply Comments filed in the
above-referenced proceeding by CUBE. A copy of the presentation made during the meeting is
attached hereto.

If there are any questions in this regard, please contact the undersigned.

Respectfully submjtted,

Henry Goldberg
Attorney for the Committee for Unlicensed
Broadband Enablement

Attachment

cc: Dale Hatfield
Julius Knapp
Mike Marcus
Karen Rackley
John Reed
Neil McNeil
Greg Czumak
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with the FCC Office of Engineering

Technology

CUBE - Committee for Unlicensed Broadband
Enablement

Intel, Micrilor, Motorola, Proxim, Siemens
Dec. 1, 1999




IS The Agenda Focus Today
HomeRF

¢ Three issues are critical in completing this
NPRM

* Interference
* [nterference
* Interference
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12> WBFH will work fine at 10 Mb/s
HomeRF

¢ The WBFH supporters are credible radio manu-
facturers that represent a majority viewpoint

¢ Delay spreads in the home are both small and
iInexpensive to compensate for

¢ Partially overlapping channels are not a problem
in the real world

¢ WBFH products can tolerate likely in-band
interference
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15> \WBFH will save consumers $$
HomeRF

¢ Radio requirements are nearly identical to
existing FH products

¢ FH or WBFH products are substantially simpler
and lower cost than high speed DS products

¢ Competition between high speed FH and DS will
cause both technologies to innovate further and
faster
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5>  WBFH has other key benefits
HomeRF

¢ Baékwards—compatible upgrade path for many
millions of FH devices that will already be in the
field - OpenAir, HomeRF, Bluetooth, 802.11FH

¢ Improved spectrum etiquette through dual
bandwidth operation

¢ Global harmonization of FH rules
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D Issues in DS Interference
HomeRF

¢ DS receiver model

« Correlator is the key issue

* Processing gain results from:
— Spreading of interference in the correlator
— Filtering after the correlator

¢ Interference depends on:

» Received power

« Bandwidth of interfering signal
— Narrowband signals are spread to PN sequence BW
— Wideband signals are spread even further




15> DS Resnonse to WBFH Signals

HomeRF

Frequency Domain:

/ {DS(f,¢) ® PN(f)}
+{WBFH(f;-) ® PN(f)}

§7 DS(f,.)+*WBFH(f ;) ]
%P“ff,ﬂifm‘l——» Mixer |—»|IF Strip{|—» % >

Post-

DS_signal+tWBFH_signal+Noise T correlattion

(noise not relevant and filter

will be ignored here) Local

Oscillator
Sequence
Typical DS receiver block diagram

¢ The output of the correlator is the convolution® in frequency of
the PN sequence spectrum with the input signal(s)

¢ The wider the interference spectra, the more it is spread at the

correlator output

* Since this is a correlator, the output is the convolution of the spectra of the input signal(s) with the
complex conjugate of the Fourier transform of the PN sequence. Note that superposition applies.




Hé%kf The Correlator

¢ The correlation function is why DS works and why it
suppresses WBFH

Post-correlation
Filter

PN Generator

Interference reduction is similar to processing gain calculation:

Spread _Bandwidth _of _Interference
Information _ Bandwidth

SIRGain,dB =10Log,,

For 802.11DS with sinusoidal interference,

22 MHz
SIR.. . =10Log,,——— =10.4dB
Gain,dB g 10 2 MHZ




H%?nr WEFH in the Correlator

¢ Correlation causes the WBFH signal to be spread

¢ This spread signal is greatly attenuated in the post-correlation
filter ’,
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5> WBFH Reduces DS Interference
HomeRF

11Mb/s Direct Sequence and GMSK WBFH Spectra (linear) Output of Correlator with SMHz Interference (dB)
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22MHz DS and GFSK WBFH Spectra
(@ equal power) Spectrum at Correlator output

¢ After the 2MHz post correlator filter, the 5SMHz WBFH signal is
attenuated by 12dB (32MHz wide before filter)

¢ Alegacy 1MHz FH signal is attenuated by 10.8dB (24MHz wide)

«  Compared with 10.4dB for sinusoidal interference

¢ This is for exact frequency alignment; if the WBFH signal is off-
center, it is attenuated even more
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15  psSystems Will Work

HomeRF
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«0dB SIR, 22MHz DS

DS system recovers bit stream with
no errors

¢ Even at 0dB SIR, 802.11DS will work with no
degradation

¢ Measurements confirm this - there is no technical
basis to claim WBFH harms DS

11




& Interference Measurements
HomeRF

¢ Controlled signal to interference ratio (SIR)
measurements for both existing FH and DS
systems

¢ Actual throughput measurements in the field with
various interference sources

¢ Validation of the CUBE DS interference analysis
and repudiation of the flawed Intersil FH
interference analysis

12




@ DS Interference Measurement
HomeRF Set-up for SIR

Interference Sources:
CW Tone
IEEE802.11FH
WBFH

Set Aironet 4800 11 Mb/s (IEEE802.11b) channel to 2437 MHz
Sweep interference sources in 2 MHz step from 2429 to 2445 MHz
Calibrate 0 dB SIR at point A

Adjust interference source power in 1 dB steps until reference BER
exceeded, record SIR

13




150 WBFH Interference Source
HomeRF

¢ Functioning prototype of a
WBFH transceiver working
at 10 Mb/s

¢ Simple modification of
existing HomeRF radio

¢ +20 dBm transmit power,
standard 2 dBi dipole
antenna

¢ Modulation parameters

similar to HomeRF WBFH
proposal

14
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RF

Legacy DS Measured SIR Resuits

Offset
Frequency
from center

Signal to Interference

Ratio (dB)

CW

802.11FH

WBFH (as
measured)

- 8 MHz

3

- 6 MHz

- 4 MHz

- 2 MHz

Center (0)

+2 MHz

+ 4 MHz

+ 6 MHz

+ 8 MHz

N OV 00| 00| \O| Co| CO| OV W

W ~J| 00| 00| \O| 00| Co| OV N

W ~J| 00| 00| 00| Co| CO| OV
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@ Measured DS Throughputin
HomeRF the Feld with Interference

Target System: Interference Sources:
Aironet 4800 11 Mb/s Aironet 3500 2 Mb/s (IEEE802.11FH)
(IEEE802.11b) Proxim WBFH prototype system

operating at 10 Mb/s

16
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eRF Results
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o Interference to Existing FH
HomeRF Systems

¢ Extremely dependent on actual receiver
implementation and system characteristics

¢ Opponents to the Commission’s NPRM have
focused on analog discriminator FH receivers

¢ Vastly over-simplified analyses, notably by Intersil,
assert WBFH causes SIR to be “10 dB worse” for
existing FH systems such as Bluetooth

¢ Must consider relevant existing reference systems

* FH systems with non 1 MHz centers such as cordless phones
« DS systems with much “flatter” interference profile than WBFH

18




@ FH Interference Measurement
HomeRF Set-up for SIR

it F% % Interference Sources:
Unit 1 20 dB 0-81dB | CW Tone
OpenAijr

e venene Combiner | Opentr IEEE802.11FH
L Unit 2 WBFH
rocord 7S IEEE802.11b

Unit0 50 dB
fixed

¢ Similar test procedure as described previously except existing FH
system fixed at 2440 MHz and interference sources swept in 1 MHz
offset steps

19



@

HomeRF

Legacy FH Measured SIR Resuits

Offset

Signal to Interference Ratio (dB)

Frequency CW 802.11FH WBFH (as WBFH 802.11b 11
from center measured) (effective) Mb/s DS

- 5 MHz <-30 <-30 <-30 <-30 7

- 4 MHz <-30 <-30 -20 -27 8

- 3 MHz -29 < -30 -8 -15 9

- 2 MHz -24 -18 S -2 10

- 1 MHz 14 15 18 11 11
Center (0O) 11 14 18 11 12

+ 1 MHz 15 15 18 11 11

+ 2 MHz -17 -11 S -2 10

+ 3 MHz -29 -28 -7 -14 9

+ 4 MHz <-30 <-30 -19 -26 9

+ 5 MHz <-30 <-30 <-30 <-30 8

20




m%nr Discussion of FH SIR Results

¢ Opponents’ analytical claim of “10 dB worse”
SIR for adjacent channel case (+/- 1 MHz

offset) is up to 14 dB in error

« when the WBFH transmit power reductions are |
‘considered, it is clear that WBFH reduces interference to
existing FH systems such as OpenAir or Bluetooth

¢ Real interference issue for legacy FH
systems is not WBFH but rather IEEE802.11b

 where FH on FH interference can hurt 3-5 channels, DS
on FH interference is harmful on 10-15 channels

21




ﬁ}/‘ Measured FH Throughput in
HomeRF the Field with Interference

Target Systems: Interference Sources:
Aironet 3500 2 Mb/s Aironet 4800 11 Mb/s (IEEE802.11Db)

(IEEE802.11FH) Aironet 3500 2 Mb/s (IEEE802.11FH)
Bluetooth Demo System Proxim RangeLAN2 (OpenAir FH)

Proxim WBFH prototype system
operating at 10 Mb/s

22




@ Measured IEEES02.11FH
HomeRF Throughput Resuits
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@ Measured Bluetooth FH
HomeRF Throughput Results
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@ sSerious Flaws in Opponents’
HomeRF FH Interfierence Analysis

¢ Misapplication of a simplified model
¢ Misrepresentation of WBFH signal profile

¢ Incorrect interpretation of limiting effects

Slmphfled analytlcal results are clearly ﬂawed glven
the overwhelmmg measured data now avallable,

vt ."h" v{'
1' ‘f ]
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@ Power Spectral Density
HomeRF GComparisons (1/2)

+29.3 dBm

+9.3 dBm

il SEEEE

+2MHz +1MHz 0 +1MHz +2MHz +2MHz +1MHz 0 +1MHz +2MHz

A) Existing FH Transmit Spectrum B) Existing DS Transmit Spectrum
(7 channel OFDM) (IEEE802.11b at ~ half-rate)

26
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10
Hom

eRF Density

¢ Statements asserting that WBFH occupies “5

M
M

¢ Al

Hz or 5 FH channels at a time” versus 1
Hz or 1 channel today are very misleading

three spectral density profiles shown can

hop at 50 hops/sec or even much faster

¢ The transmit power reductions imposed upon
WBFH have a substantial effect on spectral
occupancy

28




@ WBFH Transmit Power
HomeRF Reductions are Real

¢ Many, if not the majority, of 2.4 GHz wireless
networking products today operate near
maximum allowable transmit power

¢ IEEE802.11 standards for both FH and DS
specify operation up to 1 W
¢ WBFH will in practice be useful only for

Indoor applications because of these power

restrictions

« a further compromise on WBFH power to alleviate
~outdoor interference concerns could be restricting
antenna gain

29




HQRF Hopping Rate - A Neutral Issue

¢ Supporters of WBFH viewed minimum hopping

rate increases as positive

« faster hops by a given interferer means the interferer leaves
the target system’s channel sooner which decreases latency

¢ Opponents of WBFH see it exactly opposite

 faster hops mean increased probability of being in-channel
during a very long data packet transfer

¢ Both viewpoints are equally valid

¢ But 2.5 hops/s as a basis for FH interference and

then 50 hops/s for WBFH is completely invalid

 any existing FH (or DS) system can legally hop >> 50 hops/s
« |[EEE802.11’s recommendations for FH (and DS) ~ 50 hops/s

30




@ Hopping Rate - An Opportunity
HomeRF for Compromise

¢ Planned WBFH systems do not lose any
effectiveness if WBFH, like existing FH, is
constrained simply as 2.5 hops/s minimum

¢ Opponents to the Commission’s WBFH NPRM
have all expressed a desire to see the hopping
rate left at 2.5 hops/s minimum

¢ Some supporters of WBFH have noted that
backwards-interoperability with some existing FH
systems could be easier if the hopping rate were
still 2.5 hops/s minimum

31




D Interference Summarv
HomeRF

¢ WBFH absolutely does not cause any additional
interference to existing DS systems including the
high rate 11 Mb/s IEEE802.11b

¢ Detailed SIR measurements show clearly that the
assertion of greatly increased SIR from WBFH on

existing FH is false and misleading

« in fact, the substantial power reductions of WBFH clearly
reduces SIR in the critical co- and adjacent-channel cases

 furthermore, WBFH is more benign for high rate SIR concerns
on existing FH than the opponents’ preferred 802.11b system

¢ Throughput tests on FH and DS show negligible
differences from WBFH versus existing interferers

32
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Hg%m Broadband Home Networking

¢ Explosive growth in broadband access to
homes fuels the need for broadband home
networking

Cable modem sales doubled every year for the last 3 years

Installed cable modems are approaching 2,000,000

Motorola is the market leader in cable modem sales with
1,000,000 cable modems shipped

Motorola is committed to bringing broadband access to every
room in the U.S. as demonstrated by our market leadership
and recent $11B merger with Gl

Motorola is the largest wireless equipment manufacturer in
the world

34




5> WhyBroadband Wireless?
HomeRF

¢ Biggest impediments to the growth of
residential broadband access

» Rapid deployment of cable modems currently not possible
due to labor intensive 2-4 hrs installation time for in-house
“coaxial cable connection, signal adjustments etc.

* In-house “wired” broadband technologies require
installation of “new wires”; too costly

Broadband wweless technology solves both
: problems but must be mexpenswe,

35




Hgm%“ What is Broadband Wireless?

¢ Cable modems currently deliver 30 Mb/s to home
* shared amongst multiple homes on a common network

¢ Next generation cable modems, rolling out next
year, will deliver 50 Mb/s and multi-line telephony

¢ Broadband wireless data rates must be consistent
with broadband cable access data rates to live the
broadband experience in every room

 60% of the homes with broadband access have 2 or more
PCs (Yankee Group Research)

| : Broadband wweless means mtegrated data and
A telephony Wlth at least 10, Mbls.. i

36




15> “Cost” and “Competition” in
HomeRF Wireless Technology are Keys

¢ Cable modems cost today only a fraction of what they
cost 3 years ago

¢ For rapid adoption of broadband access, market
dictates that added wireless feature must only cost a
fraction of the cable modem cost

¢ Except for the HomeRF FH technology, Motorola has
not found a cost effective wireless solution for the
residential cable modem products

¢ Competition between FH and DS is essential for
driving down the price of high speed 2.4 GHz
technologies

37




H&%lr Why Wideband FH?

¢ Wideband FH provides for an inexpensive wireless
broadband technology solution for integrating data, voice,
and video; no other 2.4 GHz technology does!

¢ Supporting data, voice, and video is necessary for
providing advanced broadband telecom services
* In-house health services
« Multi-channel telephony
» Video conferencing

¢ Motorola cares deeply about interference in 2.4 GHz band

« Motorola has a significant investment and product portfolio in
Bluetooth devices

« Wideband FH does not harm existing devices

38




Hé%ﬂ[ Conclusion

¢ Commission’s WBFH proposal will enable
competition and level the playing field among high
speed 2.4 GHz wireless technologies without
harming the existing devices

¢ With low cost broadband wireless voice and data
solutions
« U.S. consumers will win
« Adoption of broadband services will accelerate
» Additional competition in the local loop will be fostered

¢ Expedited approval of the proposal is essential for

timely roll-out of broadband services to U.S. homes

» Biggest impediment to broadband cable access rollout, which is
“wired” cable modem installation, will be eliminated

39




@ Advantages of WBFH
HomeRF for cordiess telephony

¢ Immediate Availability
* With HomeRF WBFH, cordless handsets are a simple
adaptation of existing products sold in 10’s of millions per year
¢ Cost

« Currently the lowest cost implementation for a multi-channel |
phone is FH.

¢ QoS - Guaranteed Bandwidth & Latency

« The HomeRF WBFH system offers guaranteed bandwidth and
latency for telephony (isochronous) service.

40




@ WBFH Cordless Telephone
HomeRF Conclusions

¢ Enables integrated broadband voice and data
deployment quickly
 fosters competition in the local loop
¢ Creates opportunities for advanced telephony
features
- multiple numbers from a single physical line

« advanced dialing/ringing features
« supports established disabled access solutions

WBFH prowdes advanced cordless telephony features
W|th proven and affordable exlstlng technology

41




& Implications
HomeRF for Disability Access

¢ Access Potential Offered by Wireless
Broadband Networking.

» User selection of access mode.
— Text-based telephony & messaging (TTY)
— Captioning and Descriptioning of video
— Alternate text for graphics

Extends user’s control of their environment.

Assistive Technology can make specialized translations.
— AT integrated into the network customizes it for the user

Creates new employment opportunities.
Allows more work-anywhere options.

42




Hé“}m HomeRF Involvement

¢ HomeRF Heritage in Access.

 Member companies are among the industry leaders.

 HomeRF exploration with AAES & RESNA.

» Other consortia COUld consider disability access
but HomeRF IS actively involved.

43




D GConclusions for Access
HomeRF

¢ WBFH builds upon everything done to date in
cordless telephony to enhance access.

¢ WBFH offers the opportunity for increased
access through the combination of broadband
data services and cordless telephony.




Hg%RF CUBE Conclusions

¢ WBFH does not create additional interference
in the 2.4 GHz ISM band

¢ The competition created by WBFH is good for
everyone from manufacturers to service
providers to consumers

¢ Time is of the essence
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