
2004-06-27 IEEE C802.16e-04/127

 0

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

Title UL ACK Channel Enhancement

Date
Submitted

2004-06-25

Source(s) Myung-Kwang Byun, Seungjoo
Maeng, Jaeho Jeon, Soonyoung
Yoon, Panyuh Joo

Samsung Electronics Co., Ltd.

Dong Suwon P.O.Box 105

416, Maetan-3dong, Yeongtong-gu,

Suwon-city, Gyeonggi-do, Korea
442-600

mk.byun@samsung.com

Re:

Abstract UL ACK Channel Enhancement

Purpose Adopting of proposed method into P802.16e

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 material 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.

Patent
Policy and
Procedures

The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0)
<http://ieee802.org/16/ipr/patents/policy.html>, 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 <mailto:r.b.marks@ieee.org  > 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 <http://ieee802.org/16/ipr/patents/notices>.



2004-06-27 IEEE C802.16e-04/127

 1

UL ACK Channel Enhancement

Introduction
In IEEE 802.16d/D5, section 8.4.5.4.13 describes UL ACK channels. However, current UL ACK channel
employs orthogonal modulation using 9-ary PSK symbols which makes implementation complicated. In
addition, each UL ACK channel modulation uses 9 symbols for orthogonal modulation which is fit only for the
optional PUSC uplink subchannel, not for the PUSC uplink subchannel with each tile composed of 4 pilot
symbols and 8 data symbols.

In this contribution, enhancement of the UL ACK channel is proposed to become fit for both uplink subchannel
and easy implementation. Proposed UL ACK channel uses 8 symbols for orthogonal modulation which is fit for
the PUSC uplink subchannel as well as optional PUSC uplink subchannel. Moreover, each symbol is selected
among QPSK constellation rather than 9-PSK. Simulation results are provided to exhibit the performance of the
proposed scheme.

Suggested change to the standard
[ADD the following text after 8.4.5.4.13]

8.4.5.4.14 Optional Enhanced UL ACK channels

The uplink ACK (Acknowledgement) provides feedback for Downlink Hybrid ARQ. This channel shall only be

supported by SS supporting H-ARQ. The SS transmits ACK or NAK feedback for Downlink packet data. One

ACK channel occupies half subchannel, which is 3 pieces of 3x3 uplink tile in the case of optional PUSC or 3

pieces of 4x3 uplink tile in the case of PUSC.

The acknowledgement bit of the n-th ACK channel shall be ‘0’ (ACK) if the corresponding downlink packet

has been successfully received; otherwise, it shall be ‘1’ (NAK). This 1 bit is encoded into a length 3 codeword

over 8-ary alphabet for the error protection as shown in Table xx.

Table xx – ACK channel subcarrier modulation

ACK 1-bit

symbol

Vector Indices per Tile

Tile(0), Tile(1), Tile(2)

0 0, 0, 0

1 4, 7, 2

The UL ACK channel is orthogonally modulated with QPSK symbols. Let 
kmn

M +8,
 ( 70 k ) be the

modulation symbol index of the k-th modulation symbol in the m-th uplink tile of the n-th UL ACK channel.

The possible modulation patterns composed of 
mn

M
8,

, 
18, +mn

M , … , 
78, +mn

M  in the m-th tile of the n-th UL

ACK channel are defined in Table aa.

Table aa—Orthogonal Modulation Index in UL ACK Channel

Vector index mn
M

8,
, 

18, +mn
M , …, 

78, +mn
M
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0 P0, P1, P2, P3, P0, P1, P2, P3

1 P0, P3, P2, P1, P0, P3, P2, P1

2 P0, P0, P1, P1, P2, P2, P3, P3

3 P0, P0, P3, P3, P2, P2, P1, P1

4 P0, P0, P0, P0, P0, P0, P0, P0

5 P0, P2, P0, P2, P0, P2, P0, P2

6 P0, P2, P0, P2, P2, P0, P2, P0

7 P0, P2, P2, P0, P2, P0, P0, P2

Where

),
4

exp(0 = jP

),
4

3
exp(1= jP

),
4

3
exp(2 = jP

)
4

exp(3 = jP .

kmn
M +8,

 is mapped to UL ACK channel tile as shown in Figure bb1 for PUSC uplink subchannel and in Figure

bb2 for optional PUSC uplink subchannel. An UL ACK channel is mapped to half subchannel composed of 3

tiles.

Mn,8m Mn,8m+1

Mn,8m+4 Mn,8m+5

Mn,8m+6

Symbol 0

Symbol 1

Symbol 2

Mn,8m+3

pilot
carrier

pilot
carrier

pilot
carrier

pilot
carrier

Mn,8m+2

Mn,8m+7

Figure bb1—Subcarrier Mapping of UL ACK Modulation Symbols for PUSC
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Figure bb2—Subcarrier Mapping of UL ACK Modulation Symbols for Optional PUSC

[Add a new section 11.8.3.7.6 in page 687 of [1]]

11.8.3.7.6 Uplink control channel support

This field indicates the different uplink control channels supported by a WirelessMAN-OFDMA PHY SS for

uplink transmission. A bit value of 0 indicates “not supported” while 1 indicates “supported.”

Type Length Value Scope

xxx 1 Bit #0: FAST_FEEDBACK

Bit #1: Enhanced

FAST_FEEDBACK

Bit #2: UL ACK

Bit #3: Enhanced UL ACK

Bit #4-7: Reserved; shall be set

to zero

SBC-REQ (see 6.3.2.3.23)

SBC-RSP (see 6.3.2.3.24)

Performance
Simulation results of UL ACK channel link performance are shown in Figure cc. In the simulations, AWGN and

Ped-B (3km/h) channels with 2 receive antennas are considered. Figure cc shows UL ACK error rate versus

SINR (Signal to Interference and Noise Ratio per subcarrier) with 9-ary and 8-ary schemes. 9-ary denotes the

current scheme in 802.16d D5, whereas 8-ary denotes the proposed scheme in this contribution. We can see that

in most region, the proposed scheme and the current scheme have almost the same performance. Therefore the

proposed scheme can become fit for both uplink subchannel and easy implementation at no cost of

performance.
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Figure cc—UL ACK channel link performance
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