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General Overview

e PHY & MAC partial proposal

e Fulfill the UM5in TG3C UMD

— File downloading/uploading: typical range is 1m, point-to-point
o PHY layer:

— Single carrier OOK, BPSK and QPSK modulations

— Reed-Solomon code mandatory for FEC
* Implementation feasibility:

— Coherent and Non-coherent architectures

— Simple hardware design with low power consumption, very suitable for
portable devices applications

— Quick to the market

« MAC layer:
— Modification based on IEEE802.15.3 centralized MAC
— Adaptive dua beaconing mode for coexistence

Submission Slide4 Takahashi, Matsumoto, Michael, Raymond (Panasonic)



May, 2007 doc.: |EEE 802.15-07-0698-01-003c

Problems for CE Applications
by using Millimeter Wave

\
e Cost

e Power Consumption
« Shape Factor
e Mass Productivity

. L ow Complexity is M ost
| mportant Factor!

_/

UMS5 can be solved only
by ussng mmwW

 Killer Application j
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M ay, 2007
Application Scenario in UM5
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» Requirements from portable devices
— Low power consumption, Low cost and Compactness
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Classified Solutions for UM1 and UM5

 UM1 and UMS5 requirements are completely different.
« Suitable solution for each UMs should be chosen.
» Single Carrier with adaptive modulation can support all Application Scenarios

LOS, Short Range (< 1m)

Single Carrier
(Non-Coherent)

.
.
............................. Jrsssnsnsnnsnnnnnnadgnnnnnnnnnna,
L4
*

Single Carrier w/o FEDE

*
. .
----------------------------------------------------------------------

Low End High End

*
*
------------------------------------------------------

Long Range
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Key Features

« On-Off-Keying (OOK) enables simplest radio architecture to
realize lowest cost and fastest time to market

e OOK with RS FEC provides sufficient performances for
UM5

« BPSK /QPSK can be an upper compatible system for OOK
to support high end applications. It has no significant
hardware impacts for BPSK / QPSK transceiver to adopt
OOK mode.

» Possihility of adaptive modulated beaconing (coexistence
among different modulation systems)
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PHY Layer Design
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Channdlization

200MHz 480MHz
—b] [ —» |
A
Nyquist Bandwidth = 1.664GHz Channel Separation = 2.08 GHz
#1 #2 #3 #4
»
Frequency
57 58 59 60 61 62 63 64 65 66 (GHz)
< >
US & Canada & Korea(?) unlicensed band (57-64 GHz)
< >

Japan & Europe(?) unlicensed band (59-66 GHz)

e Support 4 channels over 9GHz bandwidth

o 3-dB bandwidth is 1.664GHz, Channel separation is 2.08 GHz based on 26
MHz cell phone Xtal.

» Each channel can further support multiple communication linksif TDMA
or spatial reuse is adopted.
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May, 2007
Channelization
Symbol rate 1.664 Gsps
Pul se shaping Root raised cosine function
Roll off factor 0.25
Channel separation 2.08GHz
Channd Low Freq. | Center Freg. | High Freq. | Nyquist BW
Number (GHz2) (GHz2) (GHz) (GHz2)
1 57.20 58.24 59.28 1.664
2 59.28 60.32 61.36 1.664
3 61.36 62.40 63.44 1.664
4 63.44 64.48 65.52 1.664
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M odulation OOK BPSK QPSK
Scheme
Bits per symbol |1 1 2
Detection Non-coherent/Coherent Coherent Coherent
Outer FEC Reed Solomon(255, 239) | Reed Solomon(255, 239) Reed Solomon(255, 239)
encoder
Inner FEC None None None
encoder <Optiona> <Optional>
Convolutional Code 3/4, 1/2 | Convolutional Code 3/4, 1/2
PHY header Shorten Reed Solomon Shorten Reed Solomon (32, 16)
(32, 16)
PHY payload 1.5596Gbps 1.5596Gbps 3.1192Gbps
datarate <Optional> <Optional>
1.1697Gbps, 0.7798Gbps 2.3394Ghbps, 1.5596Gbps
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Data Rate Modes
Mode | Modulation Detection FEC PHY-SAP payload
scheme* rate
[Gbps]**
1.1 OOK Noncoherent RS(255,239) 1.5596
1.2 OOK Coherent RS(255,239) 1.5596
2 BPSK Coherent RS(255, 239) | 1.5596
3 QPSK Coherent RS(255,239) 3.1192

*)  RY(255,239) isthe mandatory FEC codes for payload data.

Convolutional codes or LDPC can be added as optional inner codes if

concatenated FEC encoding is adopted.
**) Cylix prefix (CP) for FDE can be added as option. Inthetable, it is
assumed thereis no FDE applied, so CP = 0.
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Why adopt OOK modulation?

e OOK modulation

— Very simple circuitry to support above 1Gbps of 15.3c PAR
— Very low power consumption of non-coherent architecture
— Sufficient performance over AWGN or nearly AWGN channels

— Phase noise of local oscillator has no effects on the detection
performance

o Very suitable for Kiosk file-downloading and portable
P2P applications

— In those applications, amost Point-to-Point
— Occursin short distance

— Does not need super high rate

— Power consumption has much higher priority
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Frame Format before FEC

/I L7 S l< >
Beacon frame ™ .-~ " Superframe '
1.664 G symbol/sec
PHY MAC Frame payload
Preamble Header Header (0~6553§ gctets)
(4 octets)| (10 octets)
! .. Shorten RS(32,16)
Y Block#1 | P | Block#2 | P Block #N | P
; | cp [subBlock#1 | cP | subBlock#2 CP [SubBlock#M
" - P: Pilot symbols to track drifting clock timing
SYNC: SFD: TT/CE: i Prefi
' o Threshold Training or CP: Cyclic Prefix
Packet Sync Sequence| Start Frame Delimiter L
Channel Estimation Sequence CE if channel estimation is adopted
Slide 15 Takahashi, Matsumoto, Michael, Raymond (Panasonic)

Submission



doc.: |EEE 802.15-07-0698-01-003c

Preamble Format

May, 2007

SFD

TT/CE
A

2 or 12 repetitions

[a, b] is Golay code set as defined on the next slide

[A, B] ismodified Golay code set by change “-1" to “0” at [a, b]
[-a, -b] isinverting the polarity of [a, b]

[-A, -B] isinterchanging bits“1” and “0” of [A, B]
Pisasequenceof “1010... 10" with alternative“1”&“0”

All sequences A, B, a, b, P have 128 symbols

SFD isfor mode identifier:
[-A, A] to indicate OOK
[-A,-A] to indicate PSK

Symbol SYNC SFD TT/ICE Total Length
Mode| Rate No of sequence No. of No. of sequences| No. of sequences | No. of nsec
[Gsps] (P) sequences (A) | (A and-A) (A-A,Band-B) | symbols
HR 1.664 1 12 2 6 2688 |1,6154
LR 1.664 1 2 2 6 1,408 846.2
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128-symbol length Golay Sequence

Qo A1 A2 A3 A4 As As A7 ... A124 125 Auze A127 Do b1 b2 bs ba bs bs b7 ... D12a D125 D126 D127
G%Izynir:dzfa Vvalue GEc:ﬁa;?:dga Vvalue G%Izynir:dzfa Vvalue efliy"ec'ltdfa vaue GE:IZynir:dsz vaue GEolﬁa;‘:gdgb Vvaue G%IZynir:dsz Value GEc:ﬁa;T-dgb Value

& 1 a, 1 EM 1 E™ -1 bo 1 bs, 1 bgs 1 bgg -1
a 1 ag 1 a5 1 a7 -1 b, 1 by 1 bgs 1 bg; -1
a 1 ay, 1 Y 1 g -1 b, 1 bs, 1 bes 1 bgg -1
a 1 a5 1 N 1 39 -1 b, 1 bs 1 b, 1 bge -1
a, 1 ags 1 S 1 Ao -1 b, -1 by -1 bes -1 Do 1
3 -1 3y -1 3o -1 101 1 bg 1 b 1 Deo 1 D101 -1
% 1 ) 1 ) 1 202 -1 s -1 Dsg -1 b -1 D10 1
& -1 39 -1 a3 -1 Q108 1 b, 1 [ 1 by 1 D1gs -1
% 1 o -1 an 1 S04 1 bg 1 [ -1 b, 1 D14 1
2 1 an -1 a3 1 Q105 1 by 1 04 -1 by 1 D15 1
ay -1 ay, 1 ay, -1 Qs -1 bio -1 by, 1 b, -1 D1os -1
3y -1 2 1 s -1 Q17 -1 by, -1 [ 1 b5 -1 D157 -1
3y 1 au -1 3 1 3108 1 by, -1 [ 1 bre -1 D1g -1
33 -1 s 1 ay -1 3100 -1 big 1 [ -1 by 1 D19 1
= -1 s 1 ) -1 210 -1 by, 1 D46 -1 bg 1 D110 1
s 1 ay -1 ay 1 Ay 1 bis -1 b7 1 by -1 D1y -1
36 1 g 1 30 1 Aup -1 bys 1 04 1 bgo 1 Dy, -1
&7 -1 9 -1 31 -1 A3 1 by, -1 o -1 Dgy -1 [ 1
g -1 3 -1 3 -1 g 1 byg -1 bs, -1 bgy -1 D114 1
) 1 & 1 33 1 15 -1 byo 1 s, 1 Dgs 1 D115 -1
30 1 3 1 3 1 e -1 D50 -1 bs, -1 g, -1 D116 1
31 1 33 1 s 1 Ay -1 by -1 bs5 -1 bgs -1 b1y 1
) -1 34 -1 %o -1 g 1 b, 1 bs, 1 Dgs 1 D115 -1
33 -1 s -1 37 -1 B9 1 0,5 1 bss 1 bg; 1 D119 -1
24 1 356 -1 3 1 Q20 1 by, 1 Dsg -1 Dgg 1 D120 1
s -1 a7 1 3o -1 321 -1 0,5 -1 bs; 1 Dgo -1 D11 -1
%6 1 ) -1 30 1 Q2 1 o 1 bsg -1 P 1 D12 1
3 -1 3 1 31 -1 A3 -1 by -1 bso 1 by -1 D13 -1
) 1 30 -1 A 1 4 1 [ -1 Do 1 by -1 D124 -1
) 1 81 -1 893 1 Qs 1 b9 -1 b, 1 Dgs -1 D125 -1
a0 1 %, -1 3y 1 26 1 bgy -1 Dy 1 Do, -1 D12 -1
31 1 33 -1 35 1 17 1 b, -1 D3 1 D5 -1 D17 1

Submission Slide 17 Takahashi, Matsumoto, Michael, Raymond (Panasonic)



May, 2007

doc.: |EEE 802.15-07-0698-01-003c

Simplified System Block diagram

Preamble
Datafrom :
MAC Concatenated —e Symbol . Pulse Shaping . Frequency Up-
— 3| Scrambler > FEC encoder | o+ * | Maper DAC/LPF convertor
A\ 4
Synchronizor Channd
Detected Y
dat .
P Descrambler |« Cofeeteneie < Detector |« ADC [« FEEuEs) ot B
FEC decoder convertor
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Gray-coded Constellation Mapping

OOK:
_ OOK BPSK
— Input bit = 1: I-phase=1, Q-phase=0
— Input bit = 0: I-phase =0, Q-phase=0
BPSK: 0 T 0 1
— Input bit = 1: I-phase=1, Q-phase=0
— Input bit =0: I-phase=-1, Q-phase=0
QPSK  ,
QPSK: 01 11
— Input bits=11: I-phase= A, Q-phase = A ° *
— Input bits=10: I-phase=A, Q-phase = -A >
— Input bits= 01: I-phase=-A, Q-phase = A . .
— Input bits=00: |-phase = -A, Q-phase = -A 00 10
where A = sgrt(2)/2

Submission Slide 19 Takahashi, Matsumoto, Michael, Raymond (Panasonic)



| EEE 802.15-07-0698-01-003c

doc.:

May, 2007

Pulse Shaping

Time (nsec)

apniube|y pazifew.loN

Root raised cosine function
with roll-off factor 0.25
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Simulation and Performance Evaluation

« AWGN, CM9.1, CM9.2, CM1.3 and CM3.1 channels
are tested.

o Assume LOS Ilink between Tx and Rx directional
antennas of 30 deg with perfect manually aiming

* Assume perfect synchronization

e Transmission rangeistypically at 1 meter
o Payload length = 2K bytes

 No Equalization, no FDE

 Mean 90% PER and BER link success probabilities
versus E /N, Is examined at performance evaluation.

« BER @ 1e-06 and PER @ 8% are adopted as criteria
for required E, /N,
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BER for AWGN
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PER for AWGN

—

A o — i . —

Fany

(dB)

Required Eb/NO at PER @ 8%

10.5

9.5
6.5
6.5

----- BPSK awgn theory

Mode 1.2

—F— Mode 2

—©— Mode 3

(439) o1es Joud ug

o
—
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o
—

Required Eb/NO at BER @ 1e-6 (dB)
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10.2

6.9
6.9
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Performancein CM9.1

PER for CM9.1

BER for CM9.1

i

an

AN AN

——+— Case 2, RS(255,239)

—— Case 3, RS(255,239)

----- BPSK awgn theory

—H— Mode 1.1

Mode 1.2

—+— Mode 2

N/

—G— Mode 3

(439g) erel Jous g

o
—

14

o/N, [dB]

E

E,/N, [dB]

(dB)

Required Eb/NO at PER @ 8%

10.6

9.7

6.7

6.7

Required Eb/NO at BER @ 1e-6 (dB)

11.1

10.2

6.9

6.9

Mode 1.1

Mode 1.2

Mode 2
Mode 3
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Performancein CM9.2

BER for CM9.2

PER for CM9.2

----- BPSK awgn theory

—H— Mode 1.1

—</— Mode 1.2

—+— Mode 2

—&— Mode 3

(43g) erel Jous g

o
—

E,/N, [dB]

E,/N, [dB]

(dB)

Required Eb/NO at PER @ 8%

10.5

9.6
6.6
6.6

Required Eb/NO at BER @ 1e-6 (dB)

11.1

10.2

6.9
6.9

Mode 1.1

Mode 1.2

Mode 2
Mode 3
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PER for CM1.3
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Performancein CM3.1

BER for CM3.1

PER for CM3.1
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----- BPSK awgn theory
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Required Eb/NO (dB) Summary Table

Mode AWGN CM9.1 CM9.2 CM13 CM3.1

BER PER BER PER BER PER BER PER BER PER

Q@ Q@ Q@ @ Q@ Q@ @ Q@ Q@ Q@
1e-06 8% 1e-06 8% 1e-06 8% 1e-06 8% 1le-06 8%

11 [111 | 105 | 111 | 106 | 111 | 105 | 111 | 106§ - o
12 102 | 95 | 102 | 97 | 102 | 96 | 102 | 96 § - | 156

2 |69 | 65 | 69 | 67 | 69 | 66 | 69 | 67 § 123 | 91

3 |69 | 65| 69 | 67 | 69 | 66| 69 | 671 - | 184!
“Yerunnnadanannnnnnnalannnnnnnnnndunn I llllllllllllllllllllllllllllllllllllllllllllllllllllllll ' IIIIIIIII !

AWGN (or nearly AWGN) cxannel isusually valid for AWGN (or nearly AWGN)
portable devices with directional antenna (Tx: 30°, RX: channel isalso valid at office LOS
30°) and short range LOS link (within 1 meter) at environments, but sometimes
Kiosk and Residential environments. heavy multipath may occur.
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|mplementation Feasibility
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Block Diagram — OOK Radio Architecture
(non-coherent detection)

* OOK non-coherent enables Simplest Radio Architecture

e Transmitter : Up Converter

OOK 60 GHz

Modulated

1/

* Receiver : Envelop Detection

=

~7.5 GHz 26 MHz

E

——— Baseband Signal

OOK 60 GHz Envelope Detector
Modulated
—/ '\ (f \[—>
Baseband Signal
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Block Diagram — OOK/PSK Architecture
(coherent detection)

e Transmitter/Receiver : Quadrature Modul ator/Demodul ator

60 GHz
OOK/QPSK
MOdUIated Baseband
/—\ Signal ‘ In case of OOK mode,
e this part can be switched off
A “““
26 MHz

OOK/QPSK

Local:60 GH q @
PLL
E:
Modulated Baseband

0 deg oi |
AT L, | sgna
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Hardware modification between various
signal formats

Signal Format
OOK PSK OFDM
g | SC-OOK OK - -
3 | SC-PSK easy"! OK -
g | OFDM casy'L possible™ OK
-~ | SC-O0K OK - -
% SC-PSK easy"! OK -
* OFDM easy”! possible™? OK

*1: It is easy for SC-PSK/OFDM transmitter/receiver to transmit/demodulate OOK signals.
*2: It is possible for OFDM transmitter/receiver to transmit/demodulate PSK signals.

Submission Slide 31 Takahashi, Matsumoto, Michael, Raymond (Panasonic)
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Hardware modification (example)

 No additional analog circuit Is necessary to detect OOK
signal for BPSK/QPSK receiver

00K
..... A
........... !
|
0 I 2] BPSK PSK
N - NI A < 4
\J I \_/ i Ol P 11
.......................... - /.\ /-\
1 g H > : >
OOK threshold bt
Only shifting “0” to “0.5" | ™~ ™ . 00 e 10
BPSK threshold
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Manufacturability

 UMS5 device can be integrated in 90nm-CM OS-SoC

~- RF
e 0 dBm output power is enough for short range of UM5
* 90 nm CMOS is easy to generate ImW output power
* No requirement of low phase noise

— Baseband

» Envelope detector can be employed in case of non-coherent
* No requirement of high bit-resolution ADC
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Power Consumption Estimations in RF
(non-coherent)

Block | Circuit Power Consumption | Notes
(mW)
TX PA 20 0 dBm output
MIX 10
VCO 20 7.5 GHz OSC + X 8 multiplier
PLL 50
Sub total 100 During RX, PA and MIX can be turned off
RX LNA 10 10 dB
VGA 20 20 dB (max)
Detector Diode detector with bias
Baseband Amp. | 5 Broadband amp.
Sub total 40 During TX, all circuits can be turned off
Assumption by 90nm-CMOS, some results are calculated by using 0.15um GaAs based P-HEMT
Ref: B.Heydari et.a., “Low-Power mm-wave Components up to 104 GHz in 90nm CMOS’, ISSCC2007
Submission Slide 34 Takahashi, Matsumoto, Michael, Raymond (Panasonic)
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Link Budget Margin (AWGN/Nearly AWGN)

L ow Power Unit
Mode

Modulation scheme OOK OOK BPSK QPSK
Detection Noncoherent Coherent
Reference Range 1 m
Symbol Rate 1.664 GS/s
FEC RS(255,239)
PHY -SAP Payload Bit Rate (R,) 1.5596 31192 | Gb/s
Average Tx power (Py) 0 dBm
Tx Antenna Gain (G;) 10 dBi
EIRP 10 dBm
Center Frequency (f,) 60 GHz
Path loss in free space at reference range (PL,) 68 daB
Rx Antenna Gain (Gg) 10 dBi
Average noise power per bit (N=-174+10*l0g,, (R,)) -82.07 -79.06 dBm
Rx Noise Figure referred to the antennaterminal (N) 10 dB
Average noise power per bit (Py =N + Np) -72.07 -69.06 dBm
Implementation Loss (1) 5 dB
Shadowing link margin (Mg;,doning) 1 dB
Required Eb/No @ BER=1e-06 (9 * 11 10.2 6.9 69 | dB
Tolerable path 10ss (PL= P+ G+ Gr-Py-S-Myagoning™! -PLo) 6.97 7.87 11.17 8.16 dB
Maximum operating range (d = 10 P-/10) 2.23 2.48 3.62 2.56 m

*) Therequired Eb/NO @ BER=1e-06 is larger than the one @ PER = 8%
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ARQ (bit Inverted retransmitting)

o Simple ARQ scheme

— For retransmission, bit inverting is adopted for OOK at frame
payload to avoid ISl due to multi-path effects

— Bit inverting for OOK:
bit“1” = bit“0", bit“0” - bit“1”

(i) tmes  :1,0,0,0,1,1,0,0,11.....

101 Bitinverter

(i+1) times : 0,1,1,1,0,0,1,1,0,0....
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MAC Layer

Supporting OOK and PSK coexistence
based on 802.15.3 MAC
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Superframe structure (802.15.3)

‘ Superframe #m-1 ‘ Superframe #m Superframe #m+1
Contention Contention Free Period
Beacon Access
Hm Period M;I's M;S GTS 1 GTS2| « s e [ GTSN-1 | GTSnN

» Arrangement of periods and slotsis decided by PNC (PicoNet
Controller) and is informed using beacons.

* An unassociated device tries to associate to the piconet after receiving a
beacon.

— An unassociated device sends a association request packet during CAP
(Contention Access Period) according to the contention basis.

» An associated device sends packets :-

— During CAP according to the contention basis if PNC allowsto use CAP
for data transmission.

— Or asking PNC to allocate time slots in CFP (Contention Free Period).
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Observation on IEEE UMD reguirement

* There are two mandatory UMs:

— UM1: Uncompressed video streaming
» Point to Point, Long Range, High Power, High Data Rate, Full MAC
o Examples. Set-top Box to TV, PC to Monitor, etc.
— UMS5: Kiosk file downloading
» Point to Point, Short Range, Low power, Low Data Rate, Minimum MAC
 Examples. Phone, PDA, iPod, etc

 Two mandatory UMs leads to different requirements on PHY layer

— High End PHY (HEP):

» Advanced Digital Modulation with High Power, e.g. OFDM and SC-FDE, to
support rate > 2Gbps over severe multipath channels

— Low End PHY (LEP):

« Simple Digital/Analog Modulation with Low Power, e.g. ASK, MSK, FSK, to
support rate at 1Gbps over aimost AWGN channels

» So all devices must be able to coexist at the same piconet to avoid any
Interference; therefore, coexistence issue must be solved.
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Basic requirements for Coexistence

 |EEE802.15.3 MAC is supported

— Centralized Piconet with one master device (PNC) to coordinate the
channel use by sending beacon periodically

* When HEP and LEP exist at the same piconet, HEP device can be PNC to save
power of LEP device and support along range beacon.

— Other devices must listen to PNC beacon before access the medium.

— Other devices must request medium reservation at CAP using contention
based medium access.

— Time-sharing medium reservation at CFP

 HEP and LEP devices are “independent”, but communication between
HEP and LEP devicesis supported.

* No unnecessary complexity for LEP devices (ssmple and |low-power)

* The beacon coordination should be efficient and fair. No interference
among different communications.
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Coexistence among Different PHY's

e |ssues:
— Each device should know the arrangement of each elementsin the
superframe.
» This means each device has to understand the beacon.
— Each unassociated device should send packets during CAP.
» This means contention access mechanism among different PHY s is necessary.

» Possible solutions:
— Understanding the beacon
» Single beacon in common signal format
* Multiple beacons in each signal format
— Contention access mechanism
» Using sensed power as sensed carrier
o Split CAP into multiple CAPsfor each signal format
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Multiple Beaconing

e Multiple beacons are preferable.

— Single common beacon should be sent in the simplest format (e.g.
OOK). But that beacon has drawbacks. (transmission range,
resistance to multi-path, etc.)

— Only PNC-enabled devices should have multiple PHY s capability.

— In802.15.3 basis, only PNC sends beacons, so overhead of
multiple beaconsis not large.

— If PNC has multiple PHY s capability, it is possible to relay packets
among different PHY devices.

» Factorsfor further considerations:
— Scheduling multiple beacon transmission
— Coexistence scenario among HEP and LEP systems
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Example : coexistence between OOK(LEP) and PSK(HEP)

Beaconing and Association

1. Initialy, the PNC sends dual beacons. The first beacon is sent at
|EEE802.15.3 MAC Beacon Period (BP), and the second beacon is sent at
the beginning of CAP. Dual beacons may contain the similar medium access
information.

2. Beacon X ismodulated in advanced digital modulation and Beacon Y is
modulated in simple digital/analog modulation.

3. TheHEP devices capture Beacon X, and L EP devices capture Beacon Y. All
devices should reply own PHY capability to the PNC.

superframe #m-1

superframe #m

superframe #m+1

v

b contention contention free period
caro | beacon access Time Slot
(PSK) (OOK) period TS (PSK) TS (OOK) TS (PSK) (free)
- »|
@ @ : PNC (dual PHY capability)
@ : PSK device
@ : OOK device
@ —»: beacon
@ <--»: data
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Compliant to IEEE 802.15.3 MAC

b contention
eacon | peacon access
Superframe
Start (OOK)
Reserved CTA (OOK) CAP (OOK) CEP (OOK) >
< >
beacon beacon
(PSK) (O0K) time
. >
! CAP (PSK CFP (PSK
Superframe 1 ( ) ( )
Start (PSK) < pBackoffSlot
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Example: Coexistence Scenario with “CoM PA”

Case l
OOK beacon

ﬁ
ooooee

associate
(Master) (Slave)

Case 3

BPSK beacon>

COMPA | eeeceocesoocennne: CoMPA
associate (w/o OOK)

ook JOOK beacon

enabled) <_>

(Master) (Slave)

Case 2 OOK beacon
CoMPA
D P
(0oKk |associate
enabled)
(Master) (Slave)
Case 4
BPSK beacon
=
CoMPA orercoccnes cecccccccccsccccns CoMPA
(w/o OOK) assoerate — 3 (w/o OOK)
\
(D =%
| @ Vs
v Se - 044

CoMPA device (with OOK) should secure a
time slot as a PNC in the CoMPAs' superframe
at first and should send a beacon to OOK with
that time slot information to assure coexistence.

If there is an COMPAS' piconet and there is no
OOK enabled CoMPA device, OOK devices
should avoid conflict according to the DAA manner
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Summary

e OOK modulation is presented in this proposal as
an additional mode for BPSK/QPSK transcelver
w/0 hardware impact

— Very ssimple with sufficient rate for portable devices

— Very low power consumption compared with other
modulations

— Workswedl on AWGN/KIOSK/Residential LOS
channels

— Very suitable for portable P2P applications

— Simple coexistence with BPSK/QPSK and other signal
devices

e Dual Beaconing provides IEEE 802.15.3 MAC
compliant method for HEP and L EP coexistence
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Next Steps Toward July Meeting

e A Formal Joint Submission would be made in July
meeting in San Francisco.

* We (Panasonic) have agreed to create joint
submission with CoMPA’s single carrier PSK
based proposal.

* We also seek further mergers with other partiesto
enhance the future market capability.

Ref: IEEE802.15-07-0693-02-003c
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