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Proposal outline

« In May, we presented a preliminary example in licensed bands for
PAC in synchronous mode.

— The presentation(DCN: 15-13-0273-00-0008) covered both PHY and MAC for
PAC in licensed bands operating in synchronous mode

e InJuly, we propose both PHY and MAC in unlicensed bands for PAC
In synchronous mode.

— DCN 15-13-0391-00-0008 or the latest version: Overview of proposal (ppt)
DCN 15-13-0393-00-0008 or the latest version: PHY proposal (ppt)

— DCN 15-13-0390-00-0008 or the latest version: MAC proposal (ppt)
(This document)

— DCN 15-13-0392-00-0008 or the latest version: Proposal details (doc)
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Discovery

e Qverview

— Distributed resource allocation in synchronous fixed frame format
 Periodic use of selected resource unit after initial selection by each PD

— Broadcasting based manner with support of query based manner
» Periodic Device discovery
— Broadcasting manner

» Aperiodic service discovery
— Broadcasting manner and query manner
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e Distributed resource allocation
— Synchronous fixed frame structure

Discovery

» Resources for discovery are divided into a number of resource units
— An Ultraframe (3.2s) is one discovery repetition period

1024 resources unit(RU) per one discovery repetition period
Resources for discovery consist of 16 Discovery regions
A Discovery region consists of 64 RUs

25.6 ms per 3.2s (0.8% overhead )
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Discovery

 Distributed resource allocation(cont.)

— Synchronous fixed frame structure

» Periodic use of selected RU can be possible after initial selection
— Initial selection after listening
» Each PD selects a RU which is not being used(or least congested from PD’s perspective)

— ultraframe —

| | | | | IR I

AR RNERNNRRE S AANANNARNANENNAE GNNNNRNENNEE ARNAEEN

#1 #N #1 #N #1

1 -listen 2 _initial selection(#K)——————— 3 —Periodic use(#k)

|:| used |:| unused
— Collision detection and RU reselection
* Randomly listen on the energy from neighbor PD sharing same RU
» Reselect a RU when the energy on selected resource unit is detected
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Discovery

e Consideration of the discovery manner

— Broadcasting and query
» Broadcasting : Autonomous and continuous discovery

. change is detected autonomous|
New PD is discovered autonomously ¢ (4 PD is going out) Y

* Query: short delay and short length of message

&——1len(broadcasting)——> period

— AN
g p—

'%Ie'n(Query)%' delay(query)

................
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Discovery

* Broadcasting based manner with infrequent query

— Based on consideration of the discovery manners, a hybrid manner
IS proposed to accept the advantages of the two manners

» Device(/ Presence )discovery is performed by the broadcasting manner to have
the autonomous and continuous property

» Service discovery is performed by the query manner to have the short delay
property

— Aperiodic use of RU(s) for each PD’s device discovery to reduce the collision effect of the query
manner

— The version of service information(e.g. service info. Ver.) can be used to represent the information
about the services provided by a PD

— By providing the version of service information(e.g. service info. Ver.) periodically, the request and
response procedure can be performed only when it is needed to be update from other PD’s
perspective
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Discovery

e Broadcasting based manner with infrequent query(cont.)

— Broadcasting based manner
» Periodically broadcast own information on a selected RU

» 2 step discovery : Device discovery + service discovery
— Periodic transmission of the device information for presence(/device) discovery

Ultraframe

N

B Device info. of PD #n

— Aperiodic transmission of the service information for service discovery in place of device

information
Ultraframe
| | N [
......... [] service info. of PD #n
.......... e 0 S S fce
B Device info. of PD #n
#k #k #k
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Discovery

* Broadcasting based manner with infrequent query(cont.)

— Query based manner

» Depend on the circumstances, various request and response information can be
provided in place of device information

Service information request

To request whole or delta information related to target

PD’s service

Request of whole information in case of initial
discovery

request of delta information in case of
rediscovery

PD2: SNS

PD3:SNS,Game

PD1:SNS
PD3:SNS,Game

PD2: SNS
PD3:SNS,Game

T~

Need towpdate
PS2's selyice
info.

PD3,

Game

PD1:SNS
PD2:SNS,Game

[ IService Info. Of Peers

<Request of delta service info>
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Discovery

* Broadcasting based manner with infrequent query(cont.)

<anonymous peer search for target service>

* Query based manner(cont.)

— Peer search

* Anonymous peer using same service : without (target) user ID
» Target peer of a specific service : with (target) user ID

PD4: SNS
PD5: SNS,Game

PD4: SNS
) N

PD5: SNS,Game

4 ‘
Any Opeh

PD1~—Game user ?

-Game
REQ@SP

PD2: SNS

I:lService Info. Of Peers

< target peer search for target service>

PD4: SNS(C)
PD5: SNS(D),Game
?? : SNS(A)
PD4: SNS(C)
\ PD5: SNS(D),Game
PDL ?7 1 SNS(A)

PD1 SNS user A ?

R?/Rg -SNS(B)

PD2: SNS(A)

Senvice Info. Of Peers
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Discovery

e Consideration of service information

— Service Info. Ver.

» To broadcast the whole information about the service provided by each PD’s is not
efficient

— Each PD can provide multiple services
— The change of service provided by each PD is happen infrequently

* By providing the indicator related to service information(service info. Ver.) periodically,
the request and response procedure can be performed onlv when it is needed to be update
from other PD’s perspective

1 | User A- Service 4 1, service # 2+ service #N | Service info. Ver =m
|
|
! l
|
: | User A~ Sapvicadt, service #2---- service #N | Service info. Ver =m+1
|
‘ l
|
|
| User A- service #2---- service # N, Service # N+! | Service info. Ver =m+2

l

| User B- service #2---- service # N, Service # N+! |

Service info. Ver =m+3
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Discovery

« Payload of Discovery signal

Contents Size(Bits) Description Notes

Type 3 Type of discovery signal
0: device advertisement
1: service advertisement
2: service info request
3: service info response
4: peer search request
5: peer search response

ID 48 Identifier of PD In case type=4, (target)
Type=0 : (own)device ID (e.g. mac address) app. Specific user ID
Type=1: (own) (app. Type ID + app. specific ID+ app. can be included.
Specific user ID) ID bits are provided
Type=2: (target) device ID from upper layer
Type=3: (own) (app. Type ID + app. specific ID+ app. based on information
Specific user ID) of application layer
Type=4:(target) (app. Type ID + app. specific
ID+((opt.)app. Specific user ID))
Type=5:(own) (app. Type ID + app. specific ID+ app.
Specific user 1D)
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Discovery

« Payload of Discovery signal

Contents

Size(Bits) Description

Notes

Service Info. Ver. 5 Version of service information provided by each PD In case Type=0, type=2,
.value:0~31(modulo 32) Provided from upper layer based
.value can be changed due to addition/deletion of on information of application layer
application(s) or change of user

Request range 1 Request Range of service information In case Type=2
- 1. Delta with (pervious) service info. Ver.
- 0: Full with (received) service info. Ver.

SN 5 Sequence number In case Type=1or 3

End indicator 1 end indication (0: continue, 1:end) In case Type=1lor 3

Gl 1 Service info. for group communication In case Type=1,3,4 0or5
(O: individual, 1:group)

Reserved 7 0or 6 Reserved bits

total 61
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Discovery

e Procedure

— Broadcasting based manner(T=0 and T=1)
 Periodic transmission of device information(T=0: device advertisement)

— ultraframe —

S | | DT
i e - e - "
S oo EE S oo B L —

» (Event triggered) transmission of service information(T=1: service
advertisement)
— Event: e.g. power on, change of service info. Ver.

— ultraframe —

T=0 T=1 T=0
P R pry ER— P pry ER o peyoR
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Discovery

e Procedure(Cont.)
— Query based manner(T=2 and T=3)

— ultraframe «—

[ T=2 [T=0 T=0 T=0. T=0 [T=0| T=0

#0 #k-1  #k #1023 #OA #k-1  #k  #k+1 #1023 #0 #k-1 #k  #k+1 #1023

1 REQ/RSP )
— Query based manner(T=4 and T=5)

— ultraframe «—

T=4 | T=0 T=0 [T=0|1=5, =5 T=0 | T=0] T=0
L rT— S~ s i " T |
i 1
REQRSP—— s I
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Discovery

e Consideration for Blocking unit

— Shuffling pattern

» Applied to the Discovery region and PID broadcasting interval of peering
region in the frame type 0 of the superframe.

— Shuffling pattern for discovery region
* Number of RUs required to configure pattern (N*N)
— Number of RUs in the Blocking unit: N=8
— Total number of RUs per superframe : N*N=64
» Same Shuffling pattern is used to all superframes in an ultraframe.
» Period of pattern change is same as the discovery repetition period(i.e. Ultraframe)

ultraframe | ultraframe |ultraframe | « o o o « o

' Superframe#k | l Superframe#k‘ ------ 1 Superframe#k_
| % { % { % . . L] L] L] 1K=0~15)
T(n) T(n+1) T(n+2)
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Discovery

— Shuffling pattern for discovery region(cont.)

» The position of a selected RU at ultraframe T(n+1) is calculated using the value of (k,1)th element of the
pattern matrix if the position of a selected RU at ultraframe T(n) is calculated using the value of (i,j)th

element of the pattern matrix.

o o
; ! N N
i i bl || eovees L Al alceeees L
L — - /(_(/H it G+1<N)
i Sinrze W | = | wl T [+1-N it (/+1>N)
1/23|4|5/6|7|8 N Resource unit T — T — . . .
source AV B ] B (7 +] it (+1<N)
AR AR i+j-N if G+/j>N)

Submission Slide 18 Seungkwon Cho et al. (ETRI)



July 2013 Doc: IEEE 802.15-13-0390-00-0008

Peering

e Peering

— Peering ID(PID)
» Used to identify a pair of PDs( PID=0~127)
» Sharing a PID between a pair of PDs after peering

— PID broadcasting interval
» PID usage information is broadcasting in fixed/designated period for orthogonal use of
PID
— The shared PID between a pair of PDs is a basic material for resource contention.

— PID Request/Response interval

» A designated allocated interval for random trials of peering triggered by on of the two PDs
— 4 peering RUs per blocking units(BU) and 4 BUs per superframe(0.2s).
« APIDREQ RU and a PID RSP RU per peering RU.
— Average probability of success per peering RU = 1/e
— Average number of successful trial per 1s = 1/e*16*5 =29.6

» Based on the acquired PID usage information during PID broadcasting interval, PID REQ
signal contains available PIDs and PID RSP signal contains selected PID.
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Peering

e Peering(cont.)

— Average. time to required for peering

» Acquisition of PID usage information
— 4*(PID broadcasting interval)=4*200ms
— Be performed in advance during discovery procedure

» Transaction of messages related to peering
— aBU of PID REQ/RSP interval = 0.368 ms
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Peering

« Consideration for Blocking unit

— Shuffling pattern

» Applied to the Discovery region and PID broadcasting interval of peering
region in the frame type 0 of the superframe.

» PID broadcasting interval of peering region
— Number of RUs in the Blocking unit : N=64

— One of two pattern is applied to two consecutive superframes and the same pattern is applied at
eight times per ultraframe.

Superframe#n ultraframe ‘ ultraframe | ultraframe | ¢ e o o o o o o

Superframe#(0) | Superframe#(1) | Superframe#(2) | Superframe#(3) Superframe#(4)‘

Superframe#(14) | Superframe#15

P E E E ‘ E ‘ E ‘ ............. E E
s(0): |t[2[3]45|6|7|8 2 S(0) S(0) S(1) S(1) S(0) S(1) (1)
or
S(1): 2 8|7|6(5/4|3|2|1
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Characteristics of the proposed scheduling

 Fully distributed scheduling

— There is no coordinator such as Point Coordinator of PCF(Point
Coordination Function) in IEEE 802.11.

— All the contending PDs run the same scheduling algorithm.

 Priority-based distributed scheduling

— The PD with the highest scheduling priority (SP) among the
contending PDs is sure to have resource allocation after successful
signaling.

— PD with higher SP has higher probability of access the air resource

— The SP of each PD circulates in a predetermined order for the
access fairness.
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Characteristics of the proposed scheduling
(cont.)

* No collision in sending the request/response message used

to try to access the resource for data transmission

— Resource for sending the request/response message is determined by SP

— Since SP is function of orthogonal PID, orthogonal PID enables each PD
to have non-overlapping resource for sending the request/response
message

~~~~~

Peering Orthogonal PID

Scheduling Priority (SP) Allocation of non-overlapping
T resource for sending the ;
“._ request/response message .

function
Frame number

SEEAVZUD N Superframe number

Mapping

.....
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Logical frame structure

 Reuvisit of logical frame structure

Ultraframe
(3.2 sec)
F. Superframe #0 | Superframe #1 coe Superframe #15 coe
(200 ms)
Frame #1 Frame #9 ]
(20 ms) eoe (20 ms)

(only for frame #0) :

Data Channel #2 | Data Channel #3 [ X 1] Data Channel #15|
— -
311 OFDM Symbols, 1.244 ms
\ \
Data Region
(for frame #1 ~ #9) (19.804 ms, 16 data channels)
Data Channel #0 | Data Channel #1 | Data Channel #2 | Data Channel #3 [ X 1] Data Channel #15|

— -
311 OFDM Symbols, 1.244 ms
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Logical frame structure (cont.)

» Detall logical structure of a data channel

— Scheduling interval

» CI (Contention Indicator)
— 1 OFDM symbol-long preamble transmitted by the PD which are going to transmit DS-REQ

8 DS-REQs and 8 DS-RSPs
DS-REQ(Distributed Scheduling — REQuest): Transmitted by a contending PD which are trying to

access the resource for data transmission
DS-RSP(Distributed Scheduling — ReSPonse): Transmitted by the recipient PD in a response to the

received DS-REQ

Data Channel

Scheduling interval Data interval

\ 4

y
A

A B Bl [z y y -l
Interfe.rence CIl 2| || oo | Z| & |eee|X Data 5 Data 5 ooe Data 5|
sensing bl b b 3] (%) burst < burst < burst < ||
a0 a o0 =) 3 _
; Time
(Data + ACK) pair
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Logical frame structure (cont.)

« Detall logical structure of a data channel (cont.)

— Data interval

* Maximum 8 (Data + ACK) pairs in the data interval, which means maximum 8

Tx PDs can be allocated.

» The length of data burst is variable. (The length of ACK burst is fixed)

Data Channel

Scheduling interval

Data interval

y
A

-

ACK

Interfe.rence CI
sensing

Data
burst

DS-REQ
DS-REQ
[

]

[}
DS-REQ
DS-RSP
DS-RSP
[ ]

]
[ ]
DS-RSP

ACK

Data
burst

ACK

Data
burst

(Data + ACK) pair

Time
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Logical frame structure (cont.)

e Contention occurs in a data channel for the resource
allocation in the data interval

— After peering, every PD exactly knows their resource for
transmitting DS-REQ based on both PID and frame index
» Only peered PDs can access the data channel

 If the peered PD has nothing to transmit, it has to listen the DS-REQ that can
be transmitted by the other peer.

— Maximum 8 PDs can contend by transmitting DS-REQ in the
scheduling interval.
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Data channel mapping

» After peering, available data channels for peered PDs are
determined based on PID

— Since there are total 128 PIDs, only one data channel is available
for each peered PD.
» Up to 8 PDs with different PID can contend in a data channel
» There are 16 data channels in a frame
* Up to 128 PDs with different PID can contend in a frame type-1

PDs with PID 0 ~ 127

, Data channel mapping ‘
« « e < e

Data Channel #0 | Data Channel #1 | Data Channel #2 | Data Channel #3 eoe Data Channel #15|  (frame type-1)

Each data channel has 8 DS-REQ/DS-RSP pairs
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Data channel mapping (cont.)

 Frame number is also used to determine the available data

channel

— A simple shuffling scheme for the data channel mapping is

required due to frame type-0
 Frame type-0 has only 14 data channels
 Frame type-0 appears once every 10 frames

i Frame#1 Frame #9 ] Frame #11
type-1 eoe type-1 : type-1
\—>\— 16 data channels
14 data channels
Submission Slide 29 Seungkwon Cho et al. (ETRI)



July 2013 Doc: IEEE 802.15-13-0390-00-0008

Data channel mapping (cont.)

« Data channel mapping is a function of PID, frame number, and
superframe number

— The data channel index | (0 ~ 15) for the peered PDs with PID p (0 ~ 127),
frame number n (0 ~ 9), and superframe number s (0~15) is given by

data channel inex,l = (floor(p =~ 8) + s X 10 + n) modulo 16

» With this scheme, if data channel #l is mapped to the PDs with PID p in a frame, data
channel #((1 +1) modulo 16) is mapped in the next frame

— PDs mapped to data channel #0 or #1 in the frame type-0 shall not access
It because there are only data channels correspond to #2 ~ #15
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Scheduling Priority (SP)

o SPis the priority in access to data interval over other contending PDs

— SP ranges from 0 to 7 (SP=7 is the highest priority)

— DS-REQ implicitly represents its SP by the order of appearance in the

scheduling interval
e DS-RSPs are also arranged in order of SP

Data channel

A

Scheduling interval Data interval

Data Data
f burst burst

A
y

Data |
burst

A < < <
Interfe_rence L eee |2 o) o) coo o)
sensing A A b4 I b4

[ [

DS-RSP
DS-RSP
[ 3
°
L]
DS-RSP

®)
" |Ds-REQ

wn

o

"o
S-REQ|o

DS-REQ|

(8 DS_REQ/DS-RSP pairs)

DsRSP

Time

DS-REQ is transmitted by Tx PD and the paired DS-RSP is transmitted in a response to the received DS-REQ
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SP mapping

« After data channel mapping, SP for the peered PDs is
determined based on PID, frame number, and superframe
number

— Once data channel mapping is over, SP is mapped to the peered
PDs.
» To know the resources allocated for DS-REQ and DS-RSP

— SP of PID changes as the frame number increases.

— SP (0 ~ 7) for the peered PDs with PID p (0 ~ 127), frame number
n (0 ~ 9), and superframe number s (0~15) is given by
e If (PID +sx 10+ n) modulo 8 is 0,

(P/D +5x10+ n)modulo 8

SP(p,n,s) = Y (1" (8-4)
e Otherwise, .

SP(p,n,s) =0
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Mapping example

* The peered PDs can know their mapped data channel and
SP through the data channel mapping and SP mapping,

respectively.
— Example:
Frame number ofl1]2]3]a|s|e6|7|8|9|w|m|2|13f[1a]15]|16]17]
8 PIDs are B PID =0 Data channel index ol1f2]|3|4|5|6|7]|]8|]9|10]11]|]12|]13(14|15]0]01
always Sp o|l7|1|e|2|5]|3|a]of7|s]e]|2|5]|3]af|o]f7
mapped to — Datachannelindex |0 |1 |2 (3|4a]|5|6|7|8|o|wo|mm]12]|13f[1a|15]0]1
the same PIb =t SP 7l1lel2]s]|s|alo|l7|1]|le|l2|s5]|3|alo]7]|1
data

channel —
Data channel index 1123|4567 (|8]9(|10]11]12|]13|14]15] 0| 1] 2
PID=8 sp of7]1]e]2]|s|3|alo|l7|1]|e6|2]|5|3|a]o]|7

» The highest SP appears once every 8 frames.
» SP changes as the frame number increases.
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Contention and Scheduling

 Procedure

— After peering, peered PDs share a common PID
» Shared PID is locally orthogonal.
» Only PDs that has completed peering can access the DS-REQ resource.

— The peered PDs determines their available data channels by the
data channel mapping.

CI. J
ol @ g

e

0 | O \’“H -2
" 0 i> -
= e Sl
g.)') @ (:> @ 5" @ 77777 )
@ 2 Data channel #0 is

available in frame #n
Synchronization Peering
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Contention and Scheduling (cont.)

e Procedure (cont.)
— APD (Tx PD) trying to transmit data senses interference

— |If the Tx PD does not sense interference, it transmits Cl
(Contention Indicator)
» Clisused in consecutive allocation which will be explained in the later slide

» |If Tx PD senses interference, it can not join the contention and it will retry in
the next available data channel

Scheduling interval
5 7

SP=0 1 2 3 4 6
g8 181818188
Interference AR AR
sensing pllal lal lal b b | o
alala|aliel s .
Time

Y

-

DS-RSP |
DS-RSP &
DS-RSP |2

DS-RE
DS-RE
DS-RE
DS-RSP =
DS-RSP [~
DS-RSP |»
DS-RSP |«

g Rx PD (SP=2) g Rx PD (8P-2)
) i> @’_,_,—-Cl"" \w)
# Tx PD (SP=2) -
Tx PD (SP=2 N )
TxFD(EP2) Rx PD (SP=5) @ v Rx PD(SP-5)
g |

Tx PD (SP=5) Tx PD (SP=5)
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Contention and Scheduling (cont.)

e Procedure (cont.)

— After transmitting CI, the Tx PD sends DS-REQ corresponds to the
mapped SP.
» Tx PD transmits blocking signals, before and after the transmission of DS-
REQ.

Blocking signal

Scheduling interval
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/

SP=0 1 2 3 4 5 6 7 0o 1 2 3 4 5 6 7
—_ 238 18|15l 15| 18| 15|85 &
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Time
@ Rx PD (SP-2) ﬂ Rx PD (SP-2)
@_’L-fcr-*’ [l!/ g_'i:DS’REQ"
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¢V RxPD(SP=5) 05.?3‘ Rx PD (SP=5)
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Contention and Scheduling (cont.)

* Procedure (cont.)
— Tx PD sets “Required slots” field of DS-REQ payload with its required

resource in the data interval when it sends DS-REQ.
» Required resource = data burst for Tx PD + Gl(4symbol) + ACK(3 symbol) for Rx PD

e “Required slots” field is expressed in terms of OFDM slots.
— 1 OFDM slot = 4 OFDM symbols in the data interval

Data channel ‘

A

Scheduling interval Data interval ‘

4
A

-
-t

a2 2 s s (s ¥ y ¢ ||
Interfe.rence CIl || |X | oo | XX | eee|X Data 5 Data 5 P, Data 5|
sensing 2R %) [ Y %) %] burst < burst < burst < ||
[allil= 0 o0 o 3 .
(,// \\\ - GI . Time
/ lia—240 OFDM symbols = 60 OFDM slots—»‘

(1 OFDM slots =4 OFDM symbols)

cf) CAR: Consecutive Allocation Request
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Contention and Scheduling (cont.)

e Procedure (cont.)
— Rx PD receives all the DS-REQs with equal to or higher than its own SP.

* If Rx PD fails to receive the DS-REQ from its peered Tx PD, it does not need to receive
any other DS-REQs.

— The Rx PD accumulates the “Required slots” of all the received DS-REQs
with higher than its own SP in order to get the allocation “Offset”.
* Thus, the “Offset” is also expressed in terms of OFDM slots.

Required slots = 10

i

Required slots = 20
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Contention and Scheduling (cont.)

e Procedure (cont.)

— After successful reception of DS-REQ from its peered Tx PD, the

Rx PD sends DS-RSP in a response to DS-REQ
* Rx PD transmits blocking signals, before and after the transmission of DS-
RSP.
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Contention and Scheduling (cont.)

* Procedure (cont.)

— Rx PD sets “Offset” field of DS-RSP payload with the accumulated the
“Required slots” of all the received DS-REQs with higher than its own SP.
» If the “Offset” exceeds data interval boundary, Rx PD does not send DS-RSP.

— Rx PD sets “Allocated slots” field of DS-RSP payload with the “Required
slots” of the DS-REQ received from its peered Tx PD.

« If “Offset + Required slots” exceeds data interval boundary, Rx PD adjust “Allocated
slots” in order not to exceed the data interval boundary.

If the adjusted “Allocated slots” is too small to accommodate data burst, GI(4 symbol),
ACK(3 symbol), and the gap after ACK(1 symbol), Rx PD does not send DS-RSP.
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L

}g

Allocated resource for Tx PD (SP=2)
Allocated resource for Tx PD (SP=5) (Offset = 20, Allocated slots = 10)
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Contention and Scheduling (cont.)

* Procedure (cont.)
— Tx PD receives all the DS-RSPs with equal to or higher than its own SP.

o If Tx PD fails to receive the DS-RSP from its peered Tx PD, it does not need to receive
any other DS-REQs.
— Tx PD can know its allocated resource ranging from “Offset” to (“Offset”

+ “Allocated slots”) by decoding the DS-RSP received from its peered Rx
PD.

— Tx PD checks whether its allocated resource overlaps with other allocated
resources for PDs having higher SP than its own.
» Even if there is partial overlapping, Tx PD shall not use its allocated resource.
 If there is no overlapping, Tx PD can utilize the allocated resource.
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Consecutive allocation

e Motivation
— Resource contention occurs within a data channel among the fixed set of PDs
specified by data channel mapping.
— Even if there is no contention in data channel #(n+1), PDs mapped to data channel
#n cannot join the contention in the following data channel #(n+1).

e Consecutive allocation

— An allocation mechanism enabling any PDs mapped in a data channel to have an
opportunity to be allocated in the following data channel by joining the contention

occurs in the following data channel.

Data_interval IS Sci:te:rlil:llg Data_interval (No allocation due to no contention)

yy

Scheduling
interval

IS

Data channel #(n+1)

Data chénnel #n
(PDs with PID #(p+8)~#(p+15) are mapped)

(PDs with PID #p~#(p+7) are mapped)

Consecutive allocation enable PDs with
PID #p~#(p+7) can join the contention
in the following data channel
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Consecutive allocation (cont.)

e Procedure

— The Tx PD trying consecutive allocation in the data channel #(n+1) sets CAR
(Consecutive allocation request) bit when it sends DS-REQ to the peered Rx PD in
data channel #n.

» By receiving DS-REQ with CAR bit set to 1 in data channel #n, the Rx PD can notice that the peered Tx
PD tries consecutive allocation in the following data channel #(n+1).

— If the Tx PD succeeds in receiving DS-RSP from its peered Rx PD, it joins the
contention in the data channel #(n+1)

o After exchange of DS-REQ and DS-RSP, Tx PD and Rx BD carry out the same contention and
scheduling procedure in data channel #n as is described in the previous slides.

— Before joining contention in data channel #(n+1), Tx BD checks whether there is
Cl signal in the scheduling interval of data channel #(n+1).
e Asis its usual practice, Tx PD senses interference before checking Cl signal.
» If interference is sensed by Tx PD, it immediately stops consecutive allocation procedure.
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Consecutive allocation (cont.)

e Procedure

— If there is no ClI signal, the Tx BD joins the contention in data channel #(n+1) by
transmitting DS-REQ with the same SP used in the data channel #n.

« If Cl signal is detected, Tx BD immediately stops consecutive allocation procedure.
* Rx BD also checks ClI signal and immediately stops consecutive allocation procedure if Cl is detected

— Indata channel #(n+1), Tx PD and Rx BD carry out the same contention and
scheduling procedure as is described in the previous slides.

ClI signal is transmitted by any PDs sending DS-REQ No CI because of no contention among PDs with PID #(p+8) ~ #(p+15)
v
IS Sc.hedulmg Data_interval IS Sc.hedulmg Data_interval (No allocation due to no contention)
interval interval
Data channel #n Data channel #(n+1)
(PDs with PID #p~#(p+7) are mapped) (PDss with PID #(p+8)~#(p+15) are mapped and they have nothing to transmit)

Any PDs trying consecutive

allocation checks interference first e .
Participation in contention

CI checking
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Conclusion

e Discovery

— Broadcasting based manner with support of query based manner

» To support device(/presence ) discovery and service discovery at the MAC
layer
— Discovery signal contains different information depending on the purpose
» Periodic use of a selected resource unit(RU) after initial selection by each PD
in synchronous fixed frame format

— Periodic transmission of the device information for presence(/device) discovery

— Aperiodic transmission of the service information for service discovery in place of device
information

e Peering

— Sharing a orthogonal PID between a pair of PDs after peering

» Acquisition of PID usage information in advance

» Random trials of message transmission related to negotiation of PID during a designated
allocated interval
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Conclusion (cont.)

e Scheduling

— “The large number of PDs” was the main design objective.

— The proposed fully distributed scheduling can distribute single
resource to the multiple contending PDs.

— Consecutive allocation is proposed in order to avoid under-
utilization of resource for data transmission.

— The proposed scheduling scheme in conjunction with orthogonal
contention is suitable for PAC considering “at least a hundred of
PDs”
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