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What have changed
from San Francisco meeting

— CoMPA and Samsung proposals have
merged
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Collaboration under study
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— Tohoku Univ.
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Toshiba Corporation
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What was updated from San Francisco

meeting

B Available PHY transmission modes are updated
— 2 mandatory modes (Common mode, HRT)
— 12 optional LRT modes
— 2 optional MRT modes
— 5 optional HRT modes

B Superframe format for ADD has been updated
Option:

B UEP (Unequal Error Protection) has been updated
B Beam forming procedure has been introduced

B DEV-DEV communications procedure has been
Introduced
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Summary of COMPA Channel Plan

— Full-rate channel plan

Four full-rate channels in 9 GHz BW
Channel separation: 2160 MHz
Nyquist bandwidth: 1632 MHz

Supporting common mode with data rate of 47.8 Mbps, as well as
LRTs, MRTs, and HRTs with data rates of up to 4.59 Gbps (to be
changed after marger)_in SC mode or up to 6.0 Gbps in OFDM mode

— Half-rate channel plan

Four half-rate channels with the same center frequencies as the full-
rate channels

Channel separation: 2160 MHz
Nyquist bandwidth: 816 MHz (half symbol and sampling rates)

Supporting common mode with data rate of 47.8 Mbps using 1 GHz
Tx and Rx filters and the same modulation format as common
mode for full-rate channels

SupBortin LRTs with several data rates of up to 1530 Mbps using
n/2 DBPSK (RS(255,239)) in SC mode
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CoMPA Full-rate (2GHz) Channel Plan

Al 57.240 58.320 59.400 1632 0.3235

A2 59.400 60.480 61.560 1632 0.3235

A3 61.560 62.640 63.720 1632 0.3235

A4 63.720 64.800 65.880 1632 0.3235
< 2160 MHz

1632 MHz

Ch
H#A2

57 58 59 60 61 62 63 64 65 66 Tonz

o Support cell phone XTALs: 19.2 MHz, 24 MHz & other high frequency XTALs: 54
MHz, 60 MHz, 108 MHz, ...

 Balanced margins to 57/66 GHz & good roll-off factor
» Supports multiple PLL architectures with the cell phone XTAL
 Dual PLL: High frequency PLL that generates carrier frequencies
Low frequency PLL that generates ADC/DAC & ASIC frequencies
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CoMPA Half-rate (1GHz) Channel Plan

B1 57.78 58.32 58.86 816 0.3235
B2 59.94 60.48 61.02 816 0.3235
B3 62.10 62.64 63.18 816 0.3235
B4 64.26 64.80 65.34 816 0.3235
2160MHz
r 1 816 MHz
240 | | 120
MHz MHz
Ch Ch Ch Ch

57 58 59 60 61 62 63 64 65 66 Touz

 Channel separation: 2160 MHz
o« Same XTAL support and PLL architecture as full-rate channelization

« Chs B1, B2, B3, and B4 have the same center frequencies as Chs Al, A2,
A3, and A4, respectively
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— Common mode transmission (CMT) : 47.8 Mbps

PHY Mode

o 4types of multi-rate transmission based on PHY-SAP
data rate

— Low rate transmission (LRT) : up to 2 Gbps
— Medium rate transmission (MRT) : from 2 Gbps to 3 Gbps
— High rate transmission (HRT) : over 3 Gbps

- Common mode -

PHY Mode Transmission Mode A Nyquist BW | Modulation Coding STRIREEnG MACSIAP e
data rate factor rate
Common Common mode
mode transmission (CMT) 47.8 Mbps 1.632 GHz /2 DBPSK RS(255,239) 32 36.8 Mbps
PHY Mode Transmission Mode s Nyquist BW | Modulation Coding Sl BRGNP e
data rate factor rate
Polling mode Polling Eﬁ‘?;m'ss'on 478Mbps | 1.632 GHz OOK RS(255,239) 32 36.8 Mbps
Submission Slide 13 Hiroshi Harada, NICT
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PHY Mode
- SC LRT(up to 2 Gbps) -

PHY Mode Transmission PHY-SAP data Nyquist BW Modulation Coding Spreading MAC-SAP data
Mode rate factor rate
LRT 1 47.8 Mbps 16 36.8 Mbps
LRT 2 95.6 Mbps / 8 73.6 Mbps
LRT 3 192 Mbps n/2 DBPSK 4 147.2 Mbps
LRT 4 383 Mbps 0.816GHz RS(255,239) 2 294 Mbps
LRT 5 765 Mbps - 581 Mbps
LRT 6 1530 Mbps QPSK - 1186 Mbps
LRT 7 47.8 Mbps 32 36.8 Mbps
LRT 8 95.6 Mbps 16 73.6 Mbps
LRT9 192 Mbps n/2 DBPSK 8 147.2 Mbps

RS(255,2
LRT 10 383 Mbps S(255,239) 4 294 Mbps
LRT 11 765 Mbps 2 581 Mbps
SC mode LRT 12 1530 Mbps - 1186 Mbps
LRT 13 816 Mbps /2 DBPSK | LDPC(576,288) - 638 Mbps
LRT 14 1224 Mbps LDPC(576,432) - 957 Mbps
LRT 15 816 Mbps 1 632GHz LDPC(576,288) - 638 Mbps
LRT 16 1224 Mbps GMSK LDPC(576,432) - 957 Mbps
LRT 17 1530 Mbps RS(255,239) - 1186 Mbps
LRT 18 1530 Mbps MSK RS(255,239) - 1186 Mbps
LRT 19 1632 Mbps QPSK LDPC(576, 288) - 1267 Mbps
P
LRT 20 383 Mbps (4 repetitions) 294 Mbps
2
LRT 21 765 Mbps 00K RS(255,239) (2 repeitions) 581 Mbps
LRT 22 1530 Mbps - 1186 Mbps

. PHY-SAP data rate is shown in case of cyclic prefix (CP =0)

. PHY-SAP data rate (CP=8) has PHY-SAP data rate (CP=0) of 97%
. PHY-SAP data rate (CP=64) has PHY-SAP data rate (CP=0) of 75%
. MAC-SAP data rate (CP=8) has PHY-SAP data rate (CP=8) of 77%

. MAC-SAP data rate (CP=64) has PHY-SAP data rate (CP=64) of 77%
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PHY Mode
- SC MRT(from 2 Gbps to 3 Gbhps) -

PHY Mode UL PR e Nyquist BW Modulation Coding MAC-SAP data rate
Mode rate
MRT 1 2448 Mbps LDPC(576, 432) 1872 Mbps

SC mode 1.632 GHz QPSK
MRT 2 2856 Mbps LDPC(576, 504) 2175 Mbps

PHY-SAP data rate is shown in case of cyclic prefix (CP =0)

PHY-SAP data rate (CP=8) has PHY-SAP data rate (CP=0) of 97%
PHY-SAP data rate (CP=64) has PHY-SAP data rate (CP=0) of 75%
MAC-SAP data rate (CP=8) has PHY-SAP data rate (CP=8) of 77%
MAC-SAP data rate (CP=64) has PHY-SAP data rate (CP=64) of 77%
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PHY Mode
- SC HRT(over 3 Gbps) -

PHY Mode TSm0 PAV-SAE i Nyquist BW Modulation Coding MAC-SAP data rate
Mode rate
HRT 1 3046 Mbps LDPC(1440,1344) 2322 Mbps
HRT 2 3059 Mbps A RS(255,239) 2331 Mbps

SC mode HRT 5 4284 Mbps 1.632 GHz LDPC(576,504) 3197 Mbps
HRT 6 4570 Mbps 8PSK LDPC(1440,1344) 3401 Mbps
HRT 7 4589 Mbps RS(255,239) 3401 Mbps

PHY-SAP data rate is shown in case of cyclic prefix (CP =0)

PHY-SAP data rate (CP=8) has PHY-SAP data rate (CP=0) of 97%
PHY-SAP data rate (CP=64) has PHY-SAP data rate (CP=0) of 75%
MAC-SAP data rate (CP=8) has PHY-SAP data rate (CP=8) of 77%
MAC-SAP data rate (CP=64) has PHY-SAP data rate (CP=64) of 77%
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PHY Mode
- OFDM LRT(up to 2 Gbps) -

PHY Mode U el PRSP Bandwidth Modulation Coding Code Rate SRIEEETE
Mode rate factor
LRT1 375 Mbps BPSK 1/2
LRT2 500 Mbps 1 GHz BPSK 2/3
LRT3 750 Mbps (incl. guard QPSK Convolutional 1/2
LRT4 1000 Mbps band) QPSK Code + RS, 213
LDPC,

LRT5 1500 Mbps 16-QAM Turbo Codes 1/2

oo LRT6 750 Mbps » GHz BPSK [TBD] 1/2

mode LRT7 1000 Mbps (incl. guard BPSK 2/3
LRT8 1500 Mbps band) QPSK 12
LRT9 680 Mbps 1/2 2

LDPC
LRT10 1360 Mbps 1/2
QPSK
LRT11 868 Mbps 1632 MHz 1/3
Convolutional
LRT12 1735 Mbps code +RS 2/3
LRT13 1735 Mbps 16-QAM 1/3
Submission Slide 17 Hiroshi Harada, NICT
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PHY Mode
- OFDM MRT (from 2 Gbps to 3 Gbps) -

PHY Mode Tran;rgclizsmn PHY-SAP data rate Bandwidth Modulation Coding Code Rate
MRT1 2000 Mbps 16-QAM 2/3
1 GHz Convolutional
MRT2 2500 Mbps 16-QAM 5/6
P (incl. guard band) Q Code + RS,
MRT3 3000 Mbps 64-QAM LDPC, 2/3
MRT4 2000 Mb PSK Turbo Codes 2/3
PsS 2 GHz Q [TBD]
OFDM mode MRT5 3000 Mbps (incl. guard band) 16-QAM 1/2
MRT6 2040 Mbps 3/4
QPSK
MRT7 2380 Mbps LDPC 718
1632 MHz
MRT8 2720 Mbps 16-QAM 3/4
MRTO 2082 Mbps QPSK CO”VO'T'FE’Q""' code 4/5

Submission Slide 18 Hiroshi Harada, NICT
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PHY Mode
- OFDM HRT (over 3 Ghps) -

PHY Mode Tran;r:ézsmn PHY-SAP data rate Bandwidth Modulation Coding Code Rate

HRT1 4000 Mbps 16-QAM Convolutional 213

» GH Code + RS,
HRT2 5000 Mbps , z 16-QAM LDPC, 5/6

(incl. guard band) Turbo Codes
HRT3 6000 Mbps 64-QAM [TBD] 2/3
OFDM mode HRT4 4080 Mbps 3/4

LDPC
HRT5 4760 Mbps 7/8
1632 MHz 16-QAM

HRTG6 3470 Mbps Convolutional code 2/3
HRT7 4160 Mbps *RS 415

Submission Slide 19 Hiroshi Harada, NICT
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802.15.3c Major MAC Attributes for PHY Design

1. Channel Scan

. Common mode beacon
2 Automatic Device Discovery (ADD)

. ADD for directional antenna with “omni”*
3 Channel Probing

. Channel estimation in CAP
4. Data Communication
5

. 4 communication types
Superframe
Superframe
Beacon period
Multiple beacons
CAP
CTAP
6. Frame format
Frame types
Preamble
PLCP header
Payload
7. Optional unequal error protection (UEP)
8. Optional beam forming
9. Optional DEV-DEV directional communications

*; *omni” means to cover all directions by omni antenna or part of omni antenna coverage
which is planned to be covered by the directional antenna (beam forming or sector antenna)

Submission Slide 20 Hiros Modified
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Summary

Common mode supports
—  Channel scan by beacons in common mode

—  Automatic device discovery S _ _ _
Automatic device discovery (ADD) for directional antenna devices with “omni”

Channel probing (option) by using SC/OFDM frame with preceding common preamble and
PLCP Header (for best fitting air interface)
Four communication types support depending on SC and/or OFDM

Superframe
. Superframe length: 2ms
Beacon period : up to 0.2ms

I}Arlzjalrtll rlﬁigselgﬁolﬂ fé)a{c%%’poeﬁc? ,538%9%5 49."__8V|\ﬁbps (n/2 DBPSK, RS)
Transmission in CAP is CMT (optionally allows channel probing mode)

Transmission in CTAP are variable from LRT to HRT, and Common/SC/OFDM data transmission is simultaneously
supported in CTAP

Frame format
1. Frame types are CMT, SC LRT, channel probing, SC MRT/HRT SC, and OFDM mode frames
2. Preamble
. Long preamble for CMT, SC LRT and channel probing frames
« SYNC of 32 repetitions of Golay code of 64 chips and CE of 4 repetitions of Golay code of 128 chips for half-rate frames
« SYNC of 32 repetitions of Golay code of 128 chips and CE of 4 repetitions of Golay code of 256 chips for full-rate frames
. Short preamble for SC MRT/HRT frames
« SYNC of 8 repetitions of Golay code of 128 chips and CE of 4 repetitions of Golay code of 256 chips for full-rate frames
3. PLCP header
(@) Common mode and channel probing frames: protected with RS code (R=1/2) and with code spreading by Golay code of 32
chips@1.632Gcps
(b) SC LRT frames with spreading payload: protected with RS code (R=1/2) and with code spreading by Golay code of 16
chips@0.816Gcps or 32 chips@1.632Gcps
(©) ISC éRT frames without spreading payload, MRT, and HRT frames Protected with only RS (R=1/2) (i.e., without code spreading)
4, Payloa
(@) Common mode frames: n/2 DBPSK and RS (255,239) and code spreading by Golay code of 32 chips@1.632 Gcps
(b) SCLRT frames with spreading payload : n/2 DBPSK and RS (255,239) and code spreading by Golay code of 2,4,8,16
chips@0.816Gcps or 2,4,8,16, 32chips@1.632Gcps
(c) SCLRT frames without spreading payload, and SC MRT/HRT frames: no spreading
UEP by modulation and coding scheme (MCS) change
Beam forming

DEV-DEYV directional communications
Submission Slide 21 Hiros Modified
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802.15.3c Piconet

802.15.3c piconet consists of a piconet
coordinator (PNC) and devices (DEVs) with
directional antenna with “omni”

PNC and DEVs are capable of Single Carrier
(SC) and/or OFDM air interfaces

802.15.3c piconet supports

— Four communication types
1. Type 1: Common mode/LRT mode
2. Type 2: Common/LRT and SC MRT/HRT modes
3. Type 3: Common/LRT and OFDM modes
4. Type 4. Common/LRT, SC MRT/HRT and OFDM modes

Submission Slide 22 Hiros Modified
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Basic operations in Piconet

Powgr on Power on

7 (1) Channel scan \

- Whenever DEVs start, DEVs scan
channels to detect an active piconet
- Beacons on common mode enable
Detecta PNC channel  j,n1y SC and OFDM DEVs to detect
PNC > Common

mode

Channel scan

Channel clear

PNC starts
in a clear

channel
DEV " (2) Automatic device discovery (ADD)

________________ Beacons -------fF-- response<
o to PNC /
< Association T —

(3) Channel probing (option)
- Channel probing is used for accurate channel
estimation for best fitting air interface and data rate
(Real signaling format of SC or OFDM is used for

channel probing)

A

Channel probing }

Session start T

— D23 tranSMiSSion  m— J (4) 4 communication types (Type 1~4)

Sessionend

Disassociation >

PNC leaves -
N

DEV
end

Submission Slide 23 Hiros Modified
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Common Mode
(Simple Single Carrier bridging different air interfaces)

« Both SC and OFDM air interfaces are simultaneously

supported on top of common mode frame _
« Common mode: simple single carrier (x/2 DBPSK with

Reed Solomon as FEC) for robust and longer transmission
range

« Common mode is to bridge an air interface to different
air interfaces best fitting to the applications

e Common mode is used for beacon and association
(automatic device discovery)

Single Carrier PNC (DEVS) OFDM DEVs (PNC)

Simple Single Carrier (n/2 DBPSK with RS as FEC)
Submission Slide 24 Hiroshi Harada, NICT
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Channel

Scan

(To detect piconet on common mode)
1. To initiate channel scan, PNC shall broadcast beacons in

common mode with “omnl”

— Beacons on common mode enable both SC and OFDM DEVs to

detect PNC

— Transmission rate of beacons is 47.8 Mbps (n/2 DBPSK with

RS)

2. To detect an active piconet, DEVs scan beacons on
common mode broadcasted from PNC

@mmon mode beacons @

Common mode beacc[m> @

2.DEV (SC) scans beacons 1. Beacons on common mode 2.DEV (OFDM) scans beacons

on common mode are broadcasted

on common mode

Submission Slide 25 Hiros Modified
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Automatic device discovery (ADD)

(Fast ADD and shorten beacon period based on “directional
antenna with omni”)

Assumed directional antenna devices with
“omni” : Two types

— Beam forming antenna
— Sector switching antenna

— Omni antenna iIs used for automatic device

discovery when devices start up for both beam
forming and sector switching

— Then, beam forming procedure supparting both
beam forming antenna and sector switching

antenna is carried out for directional communication
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Channel probing

(Accurate channel estimation for best fitting air interface and data transmission rate)

 Channel probing (option) is used for accurate channel
estimation for best fitting air interface and data transmission

 Real signaling format of SC or OFDM following common
mode preamble and header is used to estimate both
forwarding and backwarding channel conditions

 Channel probing can be done in either CAP or CTAP

1. Channel estimation
2. Decision air interface

1.
2.

Channel estimation
Decision air interface

DEV

and data transmission rate Complete and data transmission rate  Complete
channel probing channel probing
|Beacon Probing in CAP Probing in CTAP
Frame
PNC * frame frame >
Forwarding chann Bavkwarding channel Forwarding chaptiel Backwayding channel
probing request probinyresponse (ok) probing request probing r&sponse (ok)
Beacon Probing Probing Probing Probing
| Frame | frame frame frame frame _
1
1. Channel estimation | \ | R
2. Decision air interface | \ CAP S CTAP -

and data transmission

Probing frame format

rate A PL'Z?:::S;(*) Payload(Real signaling format of SC or OFDM)
() same as those of common mode frame
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Data communication

(Four communication types of Common/LRT only, Common/LRT+MRT/HRT
SC, Common/LRT+OFDM and Common/LRT+MRT/HRT SC+OFDM)

Four types of
communications
between PNC and DEV

1. Typel: Common/LRT N -
mode for both Single “onon,
Carrier and OFDM Devices ", S

. o mode .
2. Type2: Common/LRT and I ~

Single Carrier MRT/HRT R AN
modes “T P
3. Type3: Common/LRT and " ‘

OFDM modes bi‘::;g;g;ﬂan:,,onm "\
4. Type4: Common/LRT, e L
Single Carrier MRT/HRT T

and OFDM modes

7
7
’ on
7z o\‘“m
s 00“ \c ode‘
IR SC L
. SC & OFDM \--1~
--------- » Low rate transmission (LRT) PNC
Low rate transmission (LRT)

P High rate transmission (HRT)

Air interface of PNC Air interface of DEV
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Superframe

(BP in CMT, CAP in CMT (MRT/HRT SC or OFDM for channel probing as option) and CTAP in
CMT/LRT/MRT/HRT)

« Superframe length is 2ms upon considering memory size, delay and
data transmission efficiency

« Beacon Period (BP) can be adaptively changed up to 0.2ms in
common mode transmission with a rate of 47.8 Mbps

 Contention Access Period (CAP) based on CSMA/CA is used for
association, channel estimation, communication mode decision (SC or
OFDM), and channel time allocation

— CAP is used for common mode transmission (CMT), and optionally allows
channel probing mode

— Channel probing frame optionally used in CAP contains common preamble &
PLCP header and SC/OFDM payload (see Appendix 1)

« Channel Time Allocation Period (CTAP) based on TDMA is used for
data transmission in CMT/LRT, MRT/HRT SC and OFDM modes
simultaneously

Superframe (2ms)
CAP CTAP (TDMA)
ol (CSMA/CA) CTAL for Common CTA2 for SC CTA3 for OFDM
. upto0.2ms CMT and M CMT LRTs, MRTs, HRTs and ,
CMT(47.8 Mbps) Channel probing mode (option) Channel probing mode (option)
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Beacon Period
(up to 0.2ms for omni and SYNC beacons)

Beacon period can be adaptively changed up to 0.2ms
Beacon period contains one omni beacon and up to 16 synchronization

(SYNC) beacons

— Omni beacon is used for automatic device discovery among devices
— SYNC beacons are used for superframe synchronization for directionally communicating devices

Beacon period of 0.2ms keeps high enough superframe efficiency (~90 %)
to transmit over 2.25 Gbps MAC-SAP throughput by QPSK with RS (UM5)

— UMS5 requires 2.25 Gbps MAC-SAP throughput and it is preferable that it's rate is

supported by simple QPSK with RS.

* MAC-SAP of 3.56 Gbps in UM1 is supported by 8PSK
» MAC-SAP of 1.78 Gbps in UM1 and MAC-SAP of 1.5 Gbps in UM5 are easier targets

< SF=2ms >
SIFS GT GT
BP (2.508) CAP (0.02us) CTAP (0.02us)
e ‘\
Omni SYNC SYNC SYNC /' \\
beacon beacon1 | beacon 2 beacon 16 R4 N
/,, \\\
B8P Superframe efficiency MAC-SAP throughput (QPSK,RS(255,239))
[ (CAP+CTAP) / SF] in CTAP
0.128ms 93% 2.4 Gbps
0.2 ms 89.5% 2.3 Gbps
0.4 ms 79.5% 2.0 Gbhps
* 11.6us beacon frame (upon 21 octets payload) is assumed
» 200us CAP for association is assumed to calculate MAC-SAP throughput
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Multiple beaconing for SC, OFDM and OOK DEVs
(Common mode and polling mode beacons)

Multiple beacons of common mode (BPSK) and optional
polling mode (OOK) can support SC, OFDM and OOK DEVs
In a piconet, simultaneously

Beacon period can accommodate multiple beacons:

« Common mode beacons of omni and SYNC are used for SC/OFDM DEVs
 Optional polling mode beacons of omni and SYNC are used for OOK DEVs

SF=2ms

A\ 4

A A

up to 0.2ms —»

BP CAP CTAP

~~
~
-~
~
-~
-~
-~
-~
~
~
~
-~
~
-~
~~
~
~
~
-~
~
-~
-~

"' sync syne |
1| beacon 14 beacon 15 |

SRR B

Omni
beacon

P I

Common mode Optional polling mode Common mode Optional polling mode
omni beacon for omni beacon SYNC beacons for SYNC Beacons
BPSK SC/OFDM for OOK BPSK SC/OFDM For OOK
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Frame format of half-rate transmission modes
(Example: half-rate SC LRT of 47.8 Mbps)

PLCP header (17) (PHY header
(5) + MAC header (10) + and
HCS(2)) (26.3 Mbps)

Frame payload(0~65355) +
FCS(4) (47.8 Mbps)

Unit in () is octet
FEC
Long preamble [;’"é’s’éé’,i%} encoding (51 Mbps) | |  RS(255,239) encoding (51 Mbps)®) i ]
includingsynec@a2f \ - - - - ~--~~\- -~~~ -~~~ oo oo
‘repetitions’ of 64 ) Last block shall be encoded
chips) and CE (4 Code spreading with 0.816 Gcps by shorten code of RS (255,239)
repetitions' of 128 | /=== --=--------, mmmmmmmmm—m—d-———mm————-==--

Code spreading with spreading
factor of 16 chips

chips) (0.816
Gcps)

i Code spreading with spreading
| factor of 16 chips

Modulation with 0.816 Gsymbol/s

[:' """"""""""""""""""""" ©2DBPSK
(tndbetiostndostinlty Husfnfostisfiosfosfisfiosfosfiosfonfistisfiosfontisfisfsfiostinfisfistnfinti Jq1---------------------------------- - - - - - mmm J
I
Long preamble PLCP header Payload
3.137us 5.178 us
(2560(=64x32+256x2) (4224(=(17x8)/(17/33)x16) symbols)
,  symbols)

M'repetitions’: codes may be different (i.e., a, -a, b, -b), but can be decoded with the same decoder
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Frame format of half-rate transmission modes

- SC LRT and Probing modes -

< Superframe >
BP CAP(CSMA/CA) CTAP(TDMA)
’E’3eacon frame 'Datalgzommand/ACOlr ;‘rame /, Data/Command/ACK frame
(Common mode) +=0Mmmon mode / (LRT)

-

Probing frame (option)
(SC/OFDM mode with commaon)

SC LRT frame (Half-rate channel) 0.816 Gsymbol/s -
Long preamble PLCP header Frame payload®
o 3.137Us - 5178 Us ® including pilot symbols in no code spreading mode
| preamble [PLCPheader . JPayoad
Modulation n/2 DBPSK n/2 DBPSK n/2 DBPSK/QPSK
FEC N/A RS(33,17) RS (255,239)
Spreading factor N/A 16 with 0.816 Gcps 1,2,4,8,16 with 0.816 Gcps (half-rate LRT)
Probing frame (Half-rate channel) 0.816 Gsymbol/s -
Long preamble PLCP header Frame payload®
) 3.137us h 5178us
. |preamble . |pPCPheader . JPavoad |
Modulation n/2 DBPSK n/2 DBPSK
FEC N/A RS(33,17) According to available transmission modes
Spreading factor N/A 16 with 0.816 Gcps
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Frame format of full-rate transmission modes
(Example: SC MRT/HRT)

PLCP header (17) (PHY header (5) + MAC
header (10) + and HCS(2)) (840.7 Mbps)

FEC

Frame payload(0~65355)+ FCS(4)

Unit in () is octet

Short preamble including
SYNC (8 ‘repetitions' of
128 chips) and CE (4

[ | RS(33,17)

(1632 Mbps)

encoding

————

__________________

) Last block shall be

‘repetitions’ of 256 chips) encoded by
(1632Mcps) shorten code of RS
(255,239)
Modulation (1632 Msymbol/s)
p
n/2 DBPSK | n/2 DBPSK o QPSK etc |

Pilot symbol 3

) S———

i 0, 8, or 64 pilot symbo

I
I
-

data symbols, respectively (TBD) : 1

_____________

Is added to every |1
1

512 (or 256), 504 (or 248), or 448 (or 192)1,

_____________

0, 8, or 64 pilot symbols added to every 512 (or 256), 504
(or 248), or 448 (or 192) data symbols, respectively

Short preamble P

PLCP

header

Payload | P

Payload

P | Payload

P | Payload

symbols)

1.255 Us
| (2048 (=64x32+256%2)

0.1618(No pilot symbol) or 0.3137 us®™
(512(256x2) symbols)
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Frame format of full-rate transmission modes
- Common, Probina and SC LRT modes -

< Superframe >
BP CAP(CSMA/CA) CTAP(TDMA)
e e T~ /,/’/ //////’/ \\\\\\\
s [ Data/C d/ACK f - - —=
Beacon frame a (CooanE%nn mOde)rame , Data/Command/ACK frame
(Common mode) 4 (LRT)

Probing frame (option)
(SC/OFDM mode with common) including pilot symbols without code spreading

Common mode/ Probing frame (Full-rate channel) 1.632Gsymbol/s
L Long preamble PLCP header Frame payload®
3.137us - 5.178 us -
Frame type Common mode frame Probing frame
Modulation n/2 DBPSK n/2 DBPSK /2 DBPSK According to
FEC N/A RS(33,17) RS(255,239) available
Spreading factor N/A 32 with 1.632 Gcps 32 with 1.632 Gcps transmission modes
SC LRT frame (Full-rate channel)  1.632Gsymbol/s
Long preamble PLCP header Frame payload )
b 3.137us () 5.178 us (b)™ 0.1618 (No pilot) or 0.3137 us
| Ppreamble |PLCPheader . JPavoad
Modulation n/2 DBPSK  n/2 DBPSK () n/2 DBPSK (b) n/2 DBPSK/GMSK/MSK/QPSK

(a) RS(255,239), (b) RS(255,239), LDPC(576,504),
LDPC(576,432), LDPC(576,288)

(a) 2,4,8,16,32 chips with 1.632Gcps (b) 1 (No spreading)

FEC N/A RS(33,17)

(a) 32 chips with 1.632 Gcps
or (b) 1 (No spreading)
(**)(a) for all cases of spreading payload with spreading factor (of 2,4,8,16, or 32) (b) for all cases of no spreading payload
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Frame format of full-rate transmission modes
- SC MRT/HRT modes and OFDM modes -

A

v

Superframe

BP

CAP(CSMA/CA)

CTAP(TDMA)

- S———
- ~——
- —
- ~——
- ——

-
~—
~—
~—
~—
~—
~——
~~——
——

Beacon frame
(Common mode)

Data/Command/ACK frame
(Common mode)

Data/Command/ACK frame

=
-
-
-
-
-

(MRT/HRT SC/OFDM mode)

Probing frame (option)
(SC/OFDM mode with common)

SC MRT/HRT frame (Full-rate channel) 1.632Gsymbol/s

SIEIR PLCP header Frame payload (SC mode)®
preamble
< > <« : > (*). . . . .
1.225 us 0.1618 (No pilot) or 0.3137 us including pilot symbols without code spreading mode
| Preamble [ PLCP header
. /2
Modulation DBPSK n/2 DBPSK QPSK/ 8PSK
RS(255,239)/ LDPC(576,504), LDPC(576,432), LDPC(576,288),
FEC N/ R, LDPC(1440, 1344)
Spreading factor  N/A 1 1

OFDM mode frame

OFDM frame format including preamble, PLCP header, and payload
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Preamble format

« Two preamble types

— Long preamble is used for CMT, SC LRT and channel probing frames in
both half-rate and full-rate

— Short preamble is used for SC MRT/HRT frames in full-rate

« Preamble consists of Synchronization (SYNC) sequences and
Channel Estimation (CE) sequences

— SYNC sequences are used for AGC, antenna diversity, timing detection,
coarse AFC, and SFD (start frame delimiter)

* Long preamble
— SYNC of 32 'repetitions' ) of Golay code of 64 chips for half-rate frames
— SYNC of 32 'repetitions' of Golay code of 128 chips for full-rate frames

» Short preamble
— SYNC of 8 'repetitions' of Golay code of 128 chips for full-rate frames

« SFD is used for the identification of the last SYNC sequence with “—a”

— 2 sequences are used in CE and fine AFC with cyclic prefix and postfix.
* Long preamble
— CE of 4 'repetitions’ of Golay code of 128 chips for half-rate frames
— CE of 4 'repetitions’ of Golay code of 256 chips for full-rate frames
» Short preamble
— CE of 4 'repetitions’ of Golay code of 256 chips for full-rate frames

« Accompanying cyclic prefix and cyclic postfix are composed of the copy of the
last half of the sequence and the first half of the sequence, respectively.

*'repetitions’: codes may be different (i.e., a, -a, b, -b), but can be decoded with the same decoder
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Preamble format (cont.)

Preamble PHY MAC
o ar Lo Header | Header HCS Payload (0~65535)
h SYNC > < Channel Estimation (CE) >
i AGC/ Rx antenna Diversity/Timing detection/ AFC SFD
2 b b b
a a a a a” ’ :
L I I | | I I I | a” a’ b” b’
< 31 for long, 7 for short Pe— 1 —> L | L |

A

* [a] and [b] are complimentary pair of each other
* [a]’s postfix [a”] is a copy of [a]'s last half part, and [a]'s prefix
[@’] is a copy of [a]'s first half part
» Same conditions are match with [b][b’][b”] case
* [a] and [b]
- Golay codes of 128@0.816Gcps in long preamble
- Golay codes of 256@1.632Gcps in long preamble
- Golay codes of 256@1.632Gcps in short preamble

\ 4

» Long preamble
- 32 'repetitions' of Golay code of 64@ 0.816Gcps
- 32 'repetitions' of Golay code of 128@1.632Gcps
» Short preamble
- 8 'repetitions' of Golay code of 128@1.632Gcps
« [-a] is SFD used for the identification of the last SYNC
sequences

* [a], [-a], [b] are Golay code set

_ Symbol rate SYNC CE Spreading factor Total length
Preamble type in each frame [Gsps] Code 'repetitions' Code 'repetitions' Golay code length chips ns
, 0.816 32 4 64 for SYNC 2560 | 3137
Common mode/ Probing/ 128 for CE
LRT SC frames Long Preamble 128 for SYNC
or
1.632 32 4 256 for CE 5120 3137
Short 128 for SYNC
MRT/HRT SC frame Preamble 1.632 8 4 256 for CE 2048 1255
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PLCP and Payload format

« PLCP and frame payload are independently segmented into subBlocks,

accompanying Golay code-based pilot symbols, which are between each
subBlock
— SubBlock size: 512 or 256 (TBD) symbols (including data symbols and pilot symbols)
— Pilot symbol length: 0, 8, 32, or 64 symbols
— Roll of Pilot symbol
« (a) Timing tracking, (b) Compensation for clock drift, and (c) Compensation
for frequency offset error that resides after fine AFC and that caused by
phase noise in LOS environment
e Cyclic prefix (CP) for frequency domain equalizer (FDE) as well in NLOS
environment
— Types of pilot symbol insertion

» Length of 8 symbol: Insertion of Golay codes a and b by turns
» Length of 32, or 64 symbol: Insertion of Golay code a with length of 32, or 64

512 or 256 symbols (TBD)

For LOS [
Short or long a PLCP b PLCP a SubBlock b SubBlock a b SubBloc
preamble header header #1 #2 o k#M
S
8 symbols
For NLOS [*”
Short or long a PLCP a PLCP a SubBlock a SubBlock a a SubBlock
preamble header header #1 #2 #M
<—> o
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PHY header

 PHY header (50ctets) contains
— Modulation and Coding (6bits)

 indicates modulation and coding information of data frame

— UEP information (2bits)
e indicates which UEP approach to use

— Aggregation information (1bit)
 indicates using aggregation or not

— Frame length (16bits)

» allows maximum 65Kbyte frame
— Number of subframes (5bits)
» allows up to 32 subframes be aggregated into a single frame
— Length of Pilot symbols (2bits)
— Scramble information (2bits)
— Reserved bits (6bits)

6bits 2bits 1bit 16bits Sbits 2bits 2bits 6bits
Modulation UEP Af@igregation Frame length Number of Length of pilot Scramble Reserved bits
and Coding information Information subframes symbols information
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Optional UEP1 (1/3)

To support robust and trustworthy frame transmission for video, audio,
encryption keys, and so on, Unequal Error Protection (UEP) can be used

UEP in MAC and PHY
— MAC operations (Fragmentation and ARQ)

. MSDUs are fragmented into subframes with the same length

. Information of MSB (such as video, audio and encryption keys) is informed to PHY from
MAC

. ARQ for retransmission will be performed

— PHY operations (UEP, Aggregation and Frame check)
Subframes of MSB can be protected by MCS with FCS

Subframes of MSB and others are aggregated

Preamble, header and subheader are added in the aggregated frame
. Information of subframe check is informed to MAC

PHY aggregation

— 5-bits Subframe number field in PHY header allows up to 32 subframes to be
aggregated into a single frame
— 16-bits Frame length field in PHY header allows maximum 65Kbytes frame be
aggregated
UEP conditions

— MSDUs are fragmented into subframes with the same length in MAC
. MSDUs shall be exactly divided by the subframe
. Each subframe shall not contain multiple MSDUs
. MSB subframes are only protected by MCS
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Optional UEP1 (2/3)

e Subheader indicates UEP information of subframe
e Subframes of MSB and others are aggregated

PLCP header

A 4

Preamble PHY MAC HCS Subheader Payload
header header
Subheader | Subheader Subheader
1 2 k
Subframes
A A | A A
| \ \ \
for I\/'\I/ISSDBU s [FC3| for MMSSDBU w |FC° Others ... for MMSSDBU #n 1T for MMSSDBU #n |FES| o Others
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Optional UEP1 (3/3) - Subheader

 Subheader (32bits per subframe) includes

— MCS (6bits)
* Indicates modulcation and coding scheme (MCS) of each subframe
» Supports 64 types of MCS combinations

— FCS information (1bit)
* Indicates whether to use the frame check sequence (FCS)

— MSDU number (9bits)

— Fragment information (2bits)

¢ Indicates the subframe is the first subframe of current MSDU, last subframe of current MSDU, or
none of both

— Subframe length (12bits)

* Indicate the after-coding length of each subframe
— Reserved bits (2bits)

Subheader
For Subframe 1 (32bits) For Subframe k (32bits)
6bits 1bit 9bits 2bits 12bits 2bits 6bits 1bit 9bits 2bits 12bits 2bits
MCS FCS MSDU Fragment Subframe Reserved MCS FCS MSDU Fragment Subframe Reserved
information number information length information number information length
(after coding) (after coding)

ﬂ (*) number of k is up to 32

b5-b0 MCS

000000 No FEC

000001 TBD

111111 | TBD
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Optional UEP2 (1/4)

UEP coding :
« Applying different FEC schemes to MSB and LSB blocks in a
subframe.

e More coding gain is given to MSB'’s.
e UEP coding generates new transmission modes (MCS)

UEP mapping :

« MSB’s and LSB’s are mapped to | axis and Q axis, respectively in
a skewed constellation.

« More energy is given to MSB’s.
« 1-bitin the PHY header determines the use of UEP mapping

Different UEP schemes will be indicated by capability

field and some UEP may require an optimized bit-
Interleaver and multiplexer
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Optional UEP2 (2/4)

PHY Mode PHY-SAP data rate | Modulation MSB coding LSB coding

SC Mode 2040 Mbps QPSK LDPC (576,288) LDPC (576,432)
SC Mode 2562 Mbps QPSK LDPC (576,432) LDPC (576, 504)
SC Mode 3161 Mbps QPSK RS (255, 239) Uncoded
SC Mode 4742 Mbps 8PSK RS (255, 239) Uncoded

OFDM mode 1904 Mbps QPSK RS + CC 4/7 RS + CC 4/5

OFDM mode 3807 Mbps 16QAM RS + CC 4/7 RS + CC 4/5
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Optional

UEP2 (3/4) - Frame format

Sub-packet | MSB CRC | sub-packet | MSB CRC Sub-packet | MSB CRC
1 LSB CRC 2 LSBCRC | N LSB CRC
PHY PHY MAC Header Pavioad
preamble header header CRC y
2 bits 1 bit 5 bits 24 bits 24 bits
UEP Aggregation | Number of | Subpacket Subpacket
information | information | subpacket | header 1 header N
/ — Header part uses most robust modulation
~ Zbits | 20bits and coding scheme (MCS)
Modulation | o ih — Different sub-packets can use different
and Coding
MCSs
— Each video sub-packet is a mixture of
MSBs and LSBs
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Optional UEP2 (4/4) - ACK Frame

— Selective-ACK for UEP

« Selective ACKs indicating Separate CRCs
for MSB’s and LSB’s

e Used for both single MPDU and Aggregated
MPDU
— Transmitter can choose appropriate

retransmission mechanism depending on
the Acknowledgement and available
bandwidth

e MSB/LSB retransmission

« MSB only

 LSB only

Submission Slide 47 Hiros Added



September, 2007 doc.: IEEE 802.15-07-0761-06-003c

Optional beam forming support 1 (1/2)

e Purposes to include beam forming:
e to support both omni and directional communications
« toincrease range and/or data rate

 The proposed beam forming method supports both PNC-DEV and DEV-
DEV communications

« Beam forming procedure:

 Beam forming request
o Step 1*: Beam forming request by DEV and response by PNC, taking place in
CAP
« Beam searching process
« Step 2 : Beam forming training sequence exchange between PNC-DEV or DEV-
DEV, taking place in CTAP
 Step 3 : Antenna beam forming takes place. Iterations to be performed to form
beams with higher directivity, if necessary
 Beam tracking process
« Step 4 : Shorter beam training sequence is periodically exchanged to maintain
beam forming
* *In the case of beam forming request coming from the PNC, step 1 does not

exist

 The beam training sequence is sent by using the beam forming

command frame _
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Optional beam forming support 1 (2/2)
(Example)

Superframe length: 2ms

Clide A

- >
BP CAP CTAP
omni Assoc. Assoc.
beacon Request Response
- | Sync. .
omni | geon Beam forming request
for DEV1
[mTETTTEETEEsEEEEEEEEES 1
1 | i
omni Bse);r;%n : BeaRm forn)[ing Be&m forming :‘S/l Beam searchi Nng Process
beacon |~ T, | eques esponse ~ || tep
T mommmmmmm—mmm-—- ' pm o A oo _ .
1 1
omni Sy i \ Beam searchin | 2
omni | Beacon Beam tracking process ! 9 ' Step 2, 3
for DEV1 1 |
\ 1 1
0 [} [}
1 1
Sync R !
; ync. 1 ; 1
b(g;gg:q Beacon " Beam searching |
for DEV1 ! '
| i
- [ Sync. . 1
b%r;ggln Beacon : Beam tracking |
for DEV1 i 1 Step 4
. K !
. ] "
4 T
i | Sync : ; :
b(ggggln Beacon : Beam tracking '
for DEV1 \ !
o [
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Optional beam forming support 2 (1/2)

In SYNC beacon, phased array antenna adjusts its
phase shifter to mimic the sectored transmission

Beam search is done using reserved time in CTAP

Beam tracking is done taking advantage of SYNC
beacon

— SYNC beacon uses the phase shifter calculated from
previous beam search or tracking process

— One time slot in early CTAP is also reserved to
complete beam tracking
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Optional beam forming support 2 (2/2)
(Example)

Beacon CAP CTAP

SF #65 Omni beacon DEV1 association

Sync BCN for devl
(using coarse direction 1)
Sync BCN for devl
(using coarse direction)

Sync BCN for devl Beamforming training protocol

(using coarse direction 1) 9 9p

Sync BCN for devl

SF#128 (using fine direction 1)
Sync BCN for devl

SF#129 (using fine direction 1)
Sync BCN for devl

(using fine direction 1)
Sync BCN for devl

(using fine direction 1)
Sync BCN for devl

SF#192 (using fine direction 1)

SF #66

Devl beamforming request

Beam tracking

Beam tracking

SF #130 Beam tracking

Beam tracking

DEV1 disassociation

SF #193

SF #194

(1) Coarse direction: same direction as ADD.
(2) Fine direction: steering using the phase shifter acquired during the tracking stage

(3) Beam search can be triggered by both PNC or DEV. When triggered by DEV, a beamforming request is sent in CAP.
When triggered by PNC, no request is needed.
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Optional DEV-DEV communication

Antenna direction switching required for DEV-DEV communications while
keeping PNC-DEV synchronization

A) ADD between DEVs after PNC-DEV synchronization

 DEV detection by each other via ‘omni’ directional antenna
B) DEV-DEV directional communication

» Directional link between DEVs is maintained

um Jum mm m— —m e - Superframe length: 2ms

| BP 1 CAP CTAP
I T
. Sync. Sync. I
Omni
Beacon | Beacon
I | beacon | 550 | for DEV I
I 1
I Ot Sync. Sync. I . _
e Beacon | Beacon I Beamforming Req.|Beamforming Res.
I for DEV2 |for DEV3
PNC-DEV ! :
synchronization {12 | o | Bescon | | Beam scarching
400 | for DEV2 [for DEV3|
I L]
I i
g Sync. Sync. .
bOmm Do || B I Beam searching
I [P0 | for DEV2 | for DEV3 1 P o I e — -
1 = L 1
- Sync. Sync. I I q I
I bOmm Beacon | Beacon CTA req. CTA res. Beam tracking
I cacon | i DEV2 [for DEV3| | | |
; ; : , DEV-DEV
. | Sync. Sync. . . H H
I b%::)]:);l Boraon || B I I Beam tracking DEV2-DEV3 data transmission I Co mm u ni C atl O n
for DEV2 |for DEV3
I i : i I
| : l |
I b(g;x::r(;; Bse}:ég A Bseﬁr;‘(:)'n I I Beam tracking DEV2-DEV3 data transmission I
for DEV2 |for DEV3
I H l
_________________
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Appendix 1: Summary of half-rate frame format in each mode

Preamble PLCP header Payload
Preamble PHY MAC
(length is determined Header Header H(g)s Frz)Tzsp):géo;ld FCS(4
by short and long) (5) (10) )
Frame types FRESIE AU Preamble PLCP header Payload Ex. frame
rate BW
17 octets
Long preamble (Before RS encoding) 0~65535 octets
Probi
o | Variableby | 0.816 0.816 Gsps /2 DBPSK 0.816 Gsps /2 DBPSK g:‘:l;‘irr‘]e'
. SC/OFDM GHz SYNC (32 repetitions of 64 chips) RS(33,17) coding rate SC/ OFDM mode frameg
(Option) + CE (4 repetitions of 128 chips) (Spreading factor of 16 chips)
3.137 us 5.18 us -
17 octets
Long preamble (Before RS encoding) 0~65535 octets
0.816 Gsps n/2BPSK
0.816 Gsps n/2 DBPSK 0.816 Gsps n/2 DBPSK RS(255,239) encoding
SYNC (32 repetitions of 64 chips) RS(33,17) coding rate (Spreading factor of 1, 2, 4, 8
+ CE (4 repetitions of 128 chips) | (Spreading factor of 16 chips) and 16 chips)
LRT SC 0.816 QPSK without spreading
frame GH Data frame
765 Mbps z Spreading factor of 1 chips
383 Mbps Spreading factor of 2 chips
192 Mbps 3.137 us 5.18 us Spreading factor of 4 chips
95.6 Mbps Spreading factor of 8chips
47.8 Mbps Spreading factor of 16chips
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Appendix 2: Summary of full-rate frame format in each mode

A FERESIAE AU Preamble PLCP header Payload Ex. frame
types rate BW
17 octets
Long preamble (Before RS encoding) 0~65535 octets
Common 1.052GSPS WL DBEFSK SYNCU 1.052 GSpPS WL DBFOSK 1.632 GSpS /2 DBPSK Beacon
mode frame| 47-8Mbps | 1.632GHz | (35 renetitions of 128 chips) + CE (4 RS(33,17) coding rate RS(255,239) encoding frame
repetitions of 256 chips) (Spreading factor of 32 chips) (Spreading factor of 32 chips)
3.137us 5.18us -
17 octets
_ Long preamble (Before RS encoding) 0~65535 octets
Probing Variable by 1T632Gsps 7i2 DBPSK 1632G3Sps w2 DBPSK Channel
frame sc/orbm | 1632GHz | sync (32 repetitions of 128 chips) RS(33,17) coding rate SC/ OFDM mode Probing
(Option) + CE (4 repetitions of 256 chips) (Spreading factor of 32 chips) frame
3.137us 5.18us -
17 octets
Long preamble (Before RS encoding) 0~65535 octets
1.652GS5PS 2 UBFOSK
1.632 Gsps /2 DBPSK 1.632 Gsps /2 DBPSK RS(255,239) coding rate,
SYNC (32 repetitions of 128 chips) RS(33,17) coding rate "DPOCf ‘iv'tzh Zp;efg'gg L"’;Ctor
+ CE (4 repetitions of 256 chips) (Spreading factor of 32 chips) GMSK/iVIS’:K}QI’DSI’( without
LRT SC 1.632 GHz spreading Data
frame 1530 Mbps Spreading factor 1 frame
765 Mbps Spreading factor 2
383 Mbps Spreading factor 4
3.137us 5.18us -
192 Mbps Spreading factor 8
95.6 Mbps Spreading factor 16
47.8 Mbps Spreading factor 32
17 octets
Short preamble (Before RS encoding) 0~65535 octets
SC frame 1.632GHz [gyNnC (8 repetitions of 128 chips) + CE RS(33,17) coding rate RS(255,239) coding rate, frame
(4 repetitions of 256 chips) without spreading LDPC without spreading
1.255us 0.162us -
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Appendix 3: Automatic frequency control

* Functions of coarse and fine automatic frequency control (AFC)
are provided by SYNC and CE sequences, respectively

« A range of estimable frequency offset f_ depends on a period
between successive two sequences Tg,, that s, [fyg| < 1/(2T)
— Coarse AFC: up to 108 ppm @ 60 GHz

— Fine AFC: up to 27 ppm @ 60 GHz
Residual frequency offset is reduced to less than 1 ppm @ 60
GHz by the joint use of the coarse and fine AFC

Coarse AFC by SYNC sequences Fine AFC by CE sequences

a ...l a -a CP a CP CP b CP

Tsq = 77 nsec
Estimable offset is up to 108 ppm @ 60 GHz

Tsq = 308 nsec
Estimable offset is up to 27 ppm @ 60 GHz
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Appendix 4: Throughput and efficiency analysis

« MAC-SAP throughput
= (sum of data payload) / superframe

e Superframe efficiency
= (CAP+CTAP) / superframe

« MAC-SAP efficiency
= (MAC-SAP throughput / PHY-SAP throughput)

Superframe=2ms >
— 0.2MmS ———»
0 S 0.02us 0.02us
BP CAP GT CTAP GT
_overhead I ) —'}i—me for data | overhead overhead | Time for data | overhead

Preamble Data payload e Preamble Data payload
&PLCP 6 octe sl=e HIER Sl &PLCP 65535 octets 2l REIX =l
< >« Common/LRT/ — | —> \\ < S~
\
MRT/HRT 2.5us s, 2.5us Preamble Block ACK
* 8.157us for common/LRT B TP > &PLCP (71octets)

* 1.412us for MRT/HRT

¢ 8.157us for common/LRT 1.6us (ex. QPSK, RS)
¢ 1.412us for MRT/HRT
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