Detailed Proposal for ARQ Baseline

IEEE 802.16 Presentation Submission Template (Rev. 8.2)
Document Number:802.16.3p-01/68

Date Submitted:

2001-05-16 E-mail: vladimiry@breezecom.co.il
Source:
Vladimir Yanover et al. Voice: +972-36457834
BreezeCOM Ltd, Fax: +972-46456222
Atidim Technology Park, Bldg. 1 E-mail: vladimiry@breezecom.co.il
P.O.Box 13139, Tel-Aviv 61131, Israel
Venue:

IEEE 802.16 Session #13
Base Document:
This
Purpose:
This document is to be presented to 802.16 TG3, TG4 and MAC groups outline the merge of ARQ proposal for 802.16 MAC

Notice:
This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this
document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

Release:
The contributor grants a free, irrevocable license to the IEEE to incorporate text contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards
publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to
reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

IEEE 802.16 Patent Policy:
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0) < >, including the statement “IEEE standards may
include the known use of patent(s), including patent applications, if there is technical justification in the opinion of the standards-developing committee and provided the IEEE receives
assurance from the patent holder that it will license applicants under reasonable terms and conditions for the purpose of implementing the standard.”

Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility for delays in the development process and increase
the likelihood that the draft publication will be approved for publication. Please notify the Chair < > as early as possible, in written or electronic form, of any
patents (granted or under application) that may cover technology that is under consideration by or has been approved by IEEE 802.16. The Chair will disclose this notification via the IEEE
802.16 web site < >,



Detalled Proposal for ARQ
Baseline

Vladimir Yanover — BreezeCOM
Subir Varma — Aperto Networks
Subbu Ponnuswamy- Malibu Networks
Jacob Jorgensen - Malibu Networks
Itzik Kitroser — Runcom
Einan Regev — Wavion



e Based on
— 802.16.3¢c-01/60
— 802.16.3p - 01/52
— 802.16.3¢c-01/40
— 802.16.3¢-01/38
— 802.16.4¢-01/32



General

'he ARQ implementation is obligatory

'he ARQ Invocation Is optional, per
connection. ARQ can be enabled only for
the unicast transmissions

Sequential Numbers are used to identify the
retransmitted potions of data

ARQ Is supported for unicast connections
only




ARQ Scope = Connection

Sequential Numbers are unique (within the
transmission window) as considered within the
scope of the connection

ARQ operations are defined In the scope of 802.16
MAC connection including:

ARQ Invocation (thus presence of ARQ Sub-
header). Decision on ARQ invocation should be
done at the step of the connection creation/change

ARQ parameters
ARQ state variables



ARQ Unit: Requirements

* ARQ should be effective In the support of QoS
requested by the upper layers
— Max delay, max # of retransmissions

* ARQ definition should be generic enough to
efficiently serve the applications that differ in
— Granularity (size of retransmission units)
— Restrictions on the Tx window
— Restrictions on the overhead of ARQ



ARQ Unit: Requirements
QoS Support

e To provide QoS (e.g. Maximum Downlink
Latency, Minimum Reserved Traffic
Rate), certain decisions should be done per
packet, for example, decision to discard the
packet already delayed for too much time

e So we need to keep track of each packet e.qg.
of the overall processing time of VVolP
packets



ARQ Unit: Requirements

Granularity

 In retransmissions, we generally don’t have
the same capacity conditions as for the
Initial transmissions: another space In the
frame, another recommended rate

e So we need a FLEXIBILITY mechanism to
change the portions of data between
retransmissions and thus the granularity of
the retransmissions becomes an issue



ARQ Unit: Granularity- cont.

MSDUs
MAC Headers Packing Headers —
Original

Transmission

>
MAC Message #1 _cgs MAC Message #2: several MSDUS
= fragments packed together
o
0
()
S
E Retransmission with rearrangement o f
MAC Message #2
Low bit r-a t e

MAC Message #3

MAC Message #4

Frame Boundary



ARQ Unit: Requirements

Restrictions on the Tx Window vs. Overhead

* For the low BER situations, It Is better to
provide less overhead by numbering: small
number of bits, more large data pieces
numbered

 For the applications, sensitive to round-trip
delay, It Is better to provide larger Tx
Window thus more bits in the sequential
number needed



ARQ Blocks / Mode

 An ARQ Block is employed as an
Identifiable logical unit

e The transmitted MSDUs and the MSDU
fragments are logically divided into blocks
of the fixed size. The blocks never change
but MAY be arranged differently when
retransmitting the data.



ARQ Blocks

e The last block in the MSDU/fragment MAY
be smaller than ARQ BLK SIZE, such a
block 1s called “incomplete block”

* Once defined as a piece of data, block never
changes (split or recombined)



ARQ Blocks

e The last block in the MSDU/fragment MAY
be smaller than ARQ BLK SIZE, such a
block 1s called “incomplete block”

* Once defined as a piece of data, block never
changes (split or recombined)



ARQ Blocks

* Only contiguous Block Sequential Numbers may
appear within a single MAC Message

* An incomplete block may be appear only at the
end of a MAC Message or at the end of partial
payload In the case of packed MAC Message

 Each MAC Message gets a Sequential Number,
which 1s the Sequential Number of the FIRST,
block Iin the MAC Message. This number Is
encoded in the ARQ sub-header



ARQ Blocks

Frag 0 Frag 1 Frag O Frag 1

MSDU #1

MSDU #2

Original Transmission

MAC Message #1

_

Frag 1 of MSDU #1

Partial Paylo;(( Partiah%yload

Retransmission

MAC Message #3

Frag 1 of MSDU #1

MAC Message #4

Frag 0 of MSDU #

>




MPDU Sequence Numbering Mode

e Each MPDU is assigned a sequence number
Irrespective of the number of bytes In the

MPDU
e Unit of retransmission is MPDU

e The next expected MPDU number Is
calculated as the last received MPDU
seguence number + 1



MAC PDU Numbering

Default case - Dynamic Block Size

MSDU 0O MSDU 1
(40 bytes) (120 bytes)
Block O Block 1 Block 2
(64 bytes) (64 bytes) (32 bytes)
MPDU 0 MPDU 1
(MSN = 0) (MSN = 1)
MPDU 0O MPDU 1

(132 bytes[Blocks O and 1 + 2 PSH of 2
bytes each] of payload + MAC header)

Block Size = 132 bytes

(32 bytes [Block 2] of
payload + MAC header)

Block Size =32 bytes

MSDU 2
(40 bytes)

Block 3
(40 bytes)

MPDU 2
(MSN = 2)

MPDU 2
(40 bytes [Block 3] of
payload + MAC header)

Block Size =40 bytes



ARQ Blocks

MSDU #1 MSDU #2
Frag O Frag 1 Frag O Frag 1

Original Transmission

MAC Message #1

Frag 1 of MSDU #1

Partial Paylo;({ Partia%yload

Retransmission without rearrangement of MAC Messages

Packed MAC Message #3

Frag 1 of MSDU #1 Frag O of MSDU #

Partial Payload Partial Payload



ARQ Blocks: Back to Fragments if
Block Size > max MSDU size

MSDU #1 MSDU #2

w Frag O | Frag 1 ' R Frag O | Frag 1 '

Original Transmission

MAC Message #1

s S

Partial Paylo ;(( Partia%yload

Retransmission
MAC Message #3 MAC Message #4

NN N



ARQ Sub-header

Usage of Short / Long format is specified by the Payload type
field of the MAC Header

Short Number

FC(2) SN (6)

Long Number: 14 bits

FC(2) SN (6)
BSN (8) - Cont.

Long Number: 11bits
FC(2) Rsvd(3) SN (3)
BSN (8) - Cont.




ARQ Feedback Encoding options

« MAC Messages
e Sub-headers
 Partial Payloads



ARQ Control Message Fields

CID: ID of Connection for which the
message was generated

Type: the type of the message. For
ACK/NACK Type = 001

CACK Flag = ‘1’ 1if Cumulative
Acknowledgement

ACKC Flag — ACK congestion flag
Length = number of ACK maps

ACK MAP = BBN (Bitmap Block Number)
+ BM (bitmap)



ARQ Feedback Signaling Messages

0 8 15
Connection ID
TYPE i é
3) |cK RSVD Length
( < |
BBN 1 BM 1
BBN 2 BM 2

BBN n BM n




ARQ Feedback Signaling
Modified BR Header

TR Type=rack | 3|3 BSN(6)
=[O a4 O
I | <
BSN (8) CID (8)
HCS

CID - cont (8)

(8)




ARQ Sub-header fields

* FC - Fragmentation Control

SN —a number assigned to MPDU

— MPDU Sequential Number in MPDU
numbering mode

— Block Sequential Number of the first block, In
Block Numbering Mode



Elements of ARQ Feedback —

Sub-headers and Partial Payloads

The Last bit 1s used to mark the last ARQ
|E In the Sub-header.

BM Flag= 1 means presence the BM field

he BSN value means acknowledging all
the blocks with the Sequential Number <
BSN within the transmission window.

BM means the bitmap that contains ‘1’ for
NACK and ‘0’ for ACK for the blocks from
BSN*8 to (BSN*8+7)




ARQ Feedback Signaling Messages
Reset & Discard Messages

Connection ID

TYPE | RSVD SN
(3) (2) (11)




Piggybacking ACKSs using the Packing
Function: Change in the Packing Sub-
header needed

FC(2)

Partial Payload Type =001

Partial Payload Length (3)

Partial Payload Length - cont. (8)




ARQ Feedback IEs

Cumulative ACK-Short

Last Fﬁgﬂzo SN (6)

CID(8)

CID (8) - Cont.




ARQ Feedback IEs

Cumulative ACK/NACK-Short

Last Flngzl SN (6)

BM (8)

CID(8)

CID (8) - Cont.




ARQ Feedback IEs

Cumulative ACK-Long

Last Fﬁgﬂzo SN (6)
SN(8) - Cont.
CID(8)

CID (8) - Cont.




ARQ Feedback IEs

Cumulative ACK-Long

Last

BM
Flag=0

ACK /
NACK

F Rsvd

SN(8)

SN(8) - Cont.

CID(8)

CID (8) - Cont.




ARQ Feedback IEs

Cumulative ACK/NACK-Long

Last Fgg/lzl SN (6)

SN(8) - Cont.

BM(8)

CID(8)

CID (8) - Cont.




ARQ Feedback Signaling

Partial Payload
Cumulative ACK/NACK-Long

Type(3) FC(2) Length(3)

Length(11) - Cont.

Rsvd

Flage1 SN (6)

SN(8) - Cont.

BM(8)

CID(8)

CID (8) - Cont.




