
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
4 October 2007 (04.10.2007) PCT WO 2007/111447 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
H04L 1/18 (2006 01) kind of national protection available): AE, AG, AL, AM,

AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY,BZ, CA, CH,
(21) International Application Number: CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,

PCT/KR2007/001436 FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,

(22) International Filing Date: 23 March 2007 (23 03 2007) LS, LT, LU, LY,MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,

(25) Filing Language: English RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, UZ, VC, VN, ZA, ZM, ZW

(26) Publication Language: English

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

60/785,643 24 March 2006 (24 03 2006) US kind of regional protection available): ARIPO (BW, GH,

11/687,473 16 March 2007 (16 03 2007) US GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(71) Applicant: SAMSUNG ELECTRONICS CO., LTD. European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[KR/KR], 416, Maetan-dong, Yeongtong-gu, Suwon-si, FR, GB, GR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL, PL,

Gyeonggi-do 442-742 (KR) PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)

(72) Inventors: LEE, Ju-Ho, #730-304, Hyundai APT ,
Yeongtong-dong, Yeongtong-gu, Suwon-si, Gyeonggi-do Published:
443-736 (KR) KHAN, Farooq, 820 Saddlebrook Drive — with international search report
Allen, Collin County, Texas 75002 (US)

For two letter codes and other abbreviations, refer to the "Guid
(74) Agent: LEE, Keon-Joo, Mihwa Bldg 110-2, Myon- ance Notes on Codes and Abbreviations" appearing at the begin

gryun-dong 4-ga, Chongro-gu, Seoul 110-524 (KR) ning of each regular issue of the PCT Gazette

(54) Title: APPARATUS AND METHOD FOR ASYNCHRONOUS AND ADAPTIVE HYBRID ARQ SCHEME IN A WIRE
LESS NETWORK

(57) Abstract: A low overhead asynchronous and adaptive Hybrid Acknowledgment Request (HARQ) technique for use in wireless
networks First control information is transmitted with the first subpacket and subsequent control information is transmitted with
transmissions of subsequent subpackets only if the retransmission is done asynchronously or if the duration of the retransmission is
changed



APPARATUS AND METHOD FOR ASYNCHRONOUS AND ADAPTIVE
HYBRH) ARQ SCHEME IN A WIRELESS NETWORK

TECHNICAL FIELD OF THE INVENTION
The present application relates generally to wireless communications and,

more specifically, to a hybrid Acknowledgment Request (ARQ) retransmission
scheme having low overhead.

BACKGROUND OF THE INVENTION
Hybrid Acknowledgment Request (HARQ) is a retransmission technique

whereby a transmitting device, such as a base station (BS) in a wireless network,
transmits redundant coded information in small increments to a receiving device, such
as a mobile station (MS), subscriber station (SS), or other wireless terminal that is
accessing the wireless network. In the transmitting device, a channel coder processing
block encodes a data packet (P) according to a conventional algorithm, such as Viterbi
encoding or turbo encoding. The output of the channel coder is the original data
packet (P), plus some redundant coding data.

Next, a subpacket generator processing block generates a plurality of
subpackets (SPl, SP2, SP3 . . .) from the data packet (P) and the redundant coding data
at the output of the channel coder. The transmitting device then transmits the
subpackets individually and waits after each subpacket transmission for either an
acknowledgment (ACK) message or a negative acknowledgment (NACK) message
from the receiving device. Once the transmitting device receives from the receiving
device an ACK message indicating that the original data packet (P) has been correctly
received, the transmitting device stops transmitting subpackets, even if less than all of
the subpackets have been sent.

By way of example, a base station that implements turbo coding generates a
first set of parity bits (Pl) from an original data packet (P) and generates a second set
of parity bits (P2) from an interleaved version (P') of the data packet (P). The base
station then assembles the data packet (P), the first parity bits (Pl), and the second
parity bits (P2) into a frame of outgoing data. The outgoing frame is divided into M
subpackets (SPl, SPl, SP3... SPm) prior to transmission.

The subscriber station (SS) or other receiving device only needs to collect
enough subpackets to correctly reassemble the original data packet (P), as indicated by
a successful CRC (cyclic redundancy check). Therefore, the subscriber station



transmits an ACK message only after enough subpackets have been received to
correctly reassemble the original data packet (P). Prior to that, the subscriber station
transmits a NACK message after each subpacket is received. By way of example, if
four subpackets (SPl, SP2, SP3, SP4) are required to correctly reassemble the original
data packet (P), the subscriber station transmits a NACK message after the fist three
subpackets (SPl, SP2, SP3) and transmits an ACK message only after the fourth
subpacket (SP4) is received.

In a multi-user environment in which a base station communicates with N
subscriber stations, the base station transmits subpackets to a particular subscriber
station only in selected subframes determined by a control message transmitted by the
base station. The base station may transmit subpackets synchronously (e.g., every Nth
subframe) or asynchronously (e.g., when ready).

In an N-channel stop-and-wait (SAW) synchronous hybrid ARQ system, N is

assumed equal to 4. For synchronous HARQ, the retransmissions happen at fixed time
intervals (in this example, every fourth subframe). With N=4, if the first subpacket is

transmitted in subframe 1, the retransmissions can only happen in subframes 5, 9 and
13. In case of N-channel stop-and-wait (SAW), N parallel information packets can be
transmitted on each of the N SAW channels.

Advantageously, in a synchronous HARQ system, the control information for
the HARQ operation only needs to be transmitted along with the first subpacket
transmission because the timing of the retransmissions thereafter is predetermined.
However, the drawback of synchronous HARQ is that the retransmission subpackets
cannot be scheduled during preferable channel conditions, because the timing of the
retransmission is predetermined. Also, the modulation, coding and resource format
cannot be adapted at the time of retransmission according to the prevailing channel
conditions at the time of retransmission.

In an N-channel stop-and-wait (SAW) asynchronous Hybrid ARQ system,
the retransmission timing, modulation, coding and resource format may be adapted
according to the prevailing channel and resource conditions at the time of
retransmission. One major drawback of this type of asynchronous and adaptive
HARQ is that the control information needs to be sent along with all the subpackets
every time. The control information transmission along with each subpacket allows
adjusting the transmission timing and adjusting the new modulation, coding and
resource format information. However, the transmission of control information along
with each subpacket leads to excessive overhead. Also, the control information in



asynchronous HARQ must be transmitted even if the transmission timing, modulation,
coding and resource information are unchanged since the last subpacket transmission.
This introduces redundancy in the transmission of the control information without
any significant benefit.

5 Therefore, there is a need in the art for an improved hybrid Acknowledgment
Request (HARQ) technique for use in wireless networks. In particular, there is a need
for an improved HARQ technique that has the low overhead of a synchronous HARQ
system and the adaptability of an asynchronous HARQ system.

i o SUMMARY OF THE INVENTION

A low overhead asynchronous and adaptive Hybrid Acknowledgment
Request (HARQ) technique is provided in which first control information is

transmitted with the first subpacket and subsequent control information is transmitted
15 with transmissions of subsequent subpackets only if the retransmission timing or

duration is changed.
In one embodiment of the present disclosure, a base station is provided for

use in a wireless network that communicates with a plurality of subscriber stations.
The base station communicates with a first subscriber station using an adaptable

20 asynchronous hybrid acknowledge request (HARQ) technique in which the base
station transmits an original data packet to the first subscriber station as a plurality of
subpackets distributed in subframes of a downlink channel and the first subscriber
station transmits one of an ACK message and a NACK message in an uplink channel
in response to each of the plurality of subpackets. The base station transmits to the

25 first subscriber station a first subpacket and first control information in a first
subframe and transmits a subsequent second subpacket to the first subscriber station in
one of synchronous mode and asynchronous mode. The base station transmits in
synchronous mode by transmitting subsequent subpackets in synchronous subframes
after the first subframe and transmits the subsequent second subpacket without

30 additional control information in a synchronous second subframe occurring N
subframes after the first subframe. The base station transmits in asynchronous mode
by transmitting the subsequent second subpacket and second control information in an
asynchronous second subframe occurring after the first subframe.

The first control information is usable by the first subscriber station to
35 process the first subpacket and to process subsequent subpackets that are received



from the base station in synchronous mode. The second control information is usable
by the first subscriber station to process the subsequent second subpacket.

In another embodiment of the present disclosure, a method is provided for use
in a base station that communicates with a plurality of subscriber stations. The method
communicates with a first subscriber station using an adaptable asynchronous hybrid
acknowledge request (HARQ) technique in which the base station transmits an
original data packet to the first subscriber station as a plurality of subpackets
distributed in subframes of a downlink channel. The method comprises the steps of
transmitting to the first subscriber station a first subpacket and first control
information in a first subframe; and one of: i) transmitting a subsequent second
subpacket to the first subscriber station in synchronous mode, and ii) transmitting a
subsequent second subpacket to the first subscriber station in asynchronous mode.

The step of transmitting in synchronous mode transmits subsequent
subpackets in synchronous subframes after the first subframe, wherein the subsequent
second subpacket is transmitted without additional control information in a
synchronous second subframe occurring N subframes after the first subframe. The
step of transmitting in asynchronous mode transmits the subsequent second subpacket
and second control information in an asynchronous second subframe occurring after
the first subframe.

In still another embodiment of the present disclosure, a subscriber station is

provided that communicates with a base station of a wireless network using an
adaptable asynchronous hybrid acknowledge request (HARQ) technique in which the
base station transmits an original data packet to the subscriber station as a plurality of
subpackets distributed in subframes of a downlink channel and the subscriber station
transmits one of an ACK message and a NACK message in an uplink channel in
response to each of the received subpackets. The subscriber station receives from the
base station a first subpacket and first control information in a first subframe and
receives a subsequent second subpacket from the base station in one of synchronous
mode and asynchronous mode. The subscriber station receives in synchronous mode
by receiving subsequent subpackets in synchronous subframes after the first subframe
and receives the subsequent second subpacket without additional control information
in a synchronous second subframe occurring N subframes after the first subframe.
The subscriber station receives in asynchronous mode by receiving the subsequent
second subpacket and second control information in an asynchronous second
subframe occurring after the first subframe.



Before undertaking the DETAILED DESCRIPTION OF THE INVENTION
below, it may be advantageous to set forth definitions of certain words and phrases
used throughout this patent document: the terms "include" and "comprise," as well as

derivatives thereof, mean inclusion without limitation; the term "or," is inclusive,
meaning and/or; the phrases "associated with" and "associated therewith," as well as

derivatives thereof, may mean to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have,
have a property of, or the like; and the term "controller" means any device, system or
part thereof that controls at least one operation, such a device may be implemented in
hardware, firmware or software, or some combination of at least two of the same. It
should be noted that the functionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. Definitions for certain words
and phrases are provided throughout this patent document, those of ordinary skill in
the art should understand that in many, if not most instances, such definitions apply to
prior, as well as future uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its

advantages, reference is now made to the following description taken in conjunction
with the accompanying drawings, in which like reference numerals represent like
parts:

FIGURE 1 illustrates an exemplary wireless network that implements a
low-overhead, asynchronous and adaptive hybrid ARQ scheme according to an
exemplary embodiment of the disclosure;

FIGURE 2A is a high-level diagram of an orthogonal frequency division
multiple access (OFDMA) transmit path;

FIGURE 2B is a high-level diagram of an orthogonal frequency division
multiple access (OFDMA) receive path;

FIGURE 3A illustrates N-channel stop-and-wait (SAW) synchronous hybrid
ARQ according to a conventional embodiment;

FIGURE 3B illustrates N-channel stop-and-wait (SAW) asynchronous
hybrid ARQ according to a conventional embodiment;

FIGURE 4 illustrates Table 400, which is an example of a control signaling



message for a HARQ system;
FIGURE 5 illustrates a low overhead asynchronous hybrid acknowledgment

request (HARQ) technique according to the principles of the present disclosure;
FIGURE 6 illustrates a low overhead asynchronous HARQ technique

according to one embodiment of the present disclosure;
FIGURE 7 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the present disclosure;
FIGURE 8 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure;
FIGURE 9 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure;
FIGURE 10 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure;
FIGURE 1 1 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure;
FIGURE 12 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure;
FIGURE 13 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure; and
FIGURE 14 illustrates a low overhead asynchronous HARQ technique

according to another embodiment of the disclosure.

DETAILED DESCRIPTION OF THE INVENTION

FIGURES 1 through 14, discussed below, and the various embodiments used
to describe the principles of the present disclosure in this patent document are by way
of illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged wireless network.

The transmission technique disclosed herein may advantageously be
embodied in a wireless network that dynamically allocates resources to hybrid
Acknowledgement Request (ARQ) messages according to the disclosure in U.S.
Patent Application Serial No. 11/390,056, which is hereby incorporated by reference
as if fully set forth herein. Thus, a resource (e.g., communication channel) allocated to
an ACK/NACK message may be dynamically identified in a control channel message



accompanying the data packet or data subpacket transmission from the transmitting
device (e.g., a base station). The receiving device (e.g., a subscriber station) then
sends an ACK or NACK message informing the transmitting device about the
successful or unsuccessful transmission of the packet. The ACK/NACK is sent using

5 the resource identified in the control channel message sent by the transmitting device.
Hybrid Acknowledgement Request (HARQ) techniques are used in a wide

variety of wireless network protocols. In the exemplary descriptions that follow, it
shall be assumed generally that transmitters and receivers are operating in OFDMA
mode solely for the purposes of clarity and conciseness in illustrating the principles of

o the present disclosure. However, the OFDMA embodiment described herein should
not be construed to limit the scope of the disclosure. In alternate embodiments, the
transmitters and receivers may operate in OFDM mode or another multi-carrier mode,
in CDMA mode, in GSM mode, or in another wireless protocol mode without
departing from the principles of the disclosure.

5 FIGURE 1 illustrates exemplary wireless network 100, which implements a
low-overhead, asynchronous and adaptive hybrid Acknowledgement Request
(HARQ) scheme according to the principles of the present disclosure. In the
illustrated embodiment, wireless network 100 includes base station (BS) 101, base
station (BS) 102, base station (BS) 103, and other similar base stations (not shown).

o Base station 101 is in communication with base station 102 and base station 103 . Base
station 101 is also in communication with Internet 130 or a similar IP-based network
(not shown).

Base station 102 provides wireless broadband access (via base station 101) to
Internet 130 to a first plurality of subscriber stations within coverage area 120 of base

5 station 102. The first plurality of subscriber stations includes subscriber station 111,

which may be located in a small business (SB), subscriber station 112, which may be
located in an enterprise (E), subscriber station 113, which may be located in a WiFi
hotspot (HS), subscriber station 114, which may be located in a first residence (R),
subscriber station 115, which may be located in a second residence (R), and subscriber

o station 116, which may be a mobile device (M), such as a cell phone, a wireless laptop,
a wireless PDA, or the like.

Base station 103 provides wireless broadband access (via base station 101) to
Internet 130 to a second plurality of subscriber stations within coverage area 125 of
base station 103. The second plurality of subscriber stations includes subscriber

5 station 115 and subscriber station 116. In an exemplary embodiment, base stations



101-103 may communicate with each other and with subscriber stations 111-1 16 using
OFDM or OFDMA techniques.

Base station 101 may be in communication with either a greater number or a
lesser number of base stations. Furthermore, while only six subscriber stations are

5 depicted in FIGURE 1, it is understood that wireless network 100 may provide
wireless broadband access to additional subscriber stations. It is noted that subscriber
station 115 and subscriber station 116 are located on the edges of both coverage area
120 and coverage area 125. Subscriber station 115 and subscriber station 116 each
communicate with both base station 102 and base station 103 and may be said to be

i o operating in handoff mode, as known to those of skill in the art.
Subscriber stations 111-116 may access voice, data, video, video

conferencing, and/or other broadband services via Internet 130. In an exemplary
embodiment, one or more of subscriber stations 111-116 may be associated with an
access point (AP) of a WiFi WLAN. Subscriber station 116 may be any of a number

15 of mobile devices, including a wireless-enabled laptop computer, personal data
assistant, notebook, handheld device, or other wireless-enabled device. Subscriber
stations 114 and 115 may be, for example, a wireless-enabled personal computer (PC),
a laptop computer, a gateway, or another device.

FIGURE 2A is a high-level diagram of an orthogonal frequency division
20 multiple access (OFDMA) transmit path. FIGURE 2B is a high-level diagram of an

orthogonal frequency division multiple access (OFDMA) receive path. In FIGURES
2A and 2B, the OFDMA transmit path is implemented in base station (BS) 102 and the
OFDMA receive path is implemented in subscriber station (SS) 116 for the purposes
of illustration and explanation only. However, it will be understood by those skilled in

25 the art that a similar (though not identical) OFDMA receive path may also be
implemented in BS 102 and a similar (though not identical) OFDMA transmit path
may be implemented in SS 116.

The transmit path in BS 102 comprises channel coding and modulation block
205, serial-to-parallel (S-to-P) block 210, Size N Inverse Fast Fourier Transform

30 (IFFT) block 215, parallel-to-serial (P-to-S) block 220, add cyclic prefix block 225,
up-converter (UC) 230, and main controller and scheduler 235 (hereafter, simply main
controller 235). The receive path in SS 116 comprises down-converter (DC) 255,
remove cyclic prefix block 260, serial-to-parallel (S-to-P) block 265, Size N Fast
Fourier Transform (FFT) block 270, parallel-to-serial (P-to-S) block 275, channel

35 decoding and demodulation block 280, and main controller 285.



At least some of the components in FIGURES 2A and 2B may be
implemented in software while other components may be implemented by
configurable hardware or a mixture of software and configurable hardware. In
particular, it is noted that the FFT blocks and the IFFT blocks described in this
disclosure document may be implemented as configurable software algorithms
executed by a processor, where the value of Size N may be modified according to the
implementation.

Furthermore, although this disclosure is directed to an embodiment that
implements the Fast Fourier Transform and the Inverse Fast Fourier Transform, this is
by way of illustration only and should not be construed to limit the scope of the
disclosure. It will be appreciated that in an alternate embodiment of the disclosure, the
Fast Fourier Transform functions and the Inverse Fast Fourier Transform functions
may easily be replaced by Discrete Fourier Transform (DFT) functions and Inverse
Discrete Fourier Transform (IDFT) functions, respectively. It will be appreciated that
for DFT and IDFT functions, the value of the N parameter may be any integer number
(i.e., I 5 2, 3, 4, etc.), while for FFT and IFFT functions, the value of the N parameter
may be any integer number that is a power of two (i.e., 1, 2, 4, 8, 16, etc.).

In BS 102, channel coding and modulation block 205 receives a set of
information bits, applies coding (e.g., Turbo coding) and modulates (e.g., QPSK,
QAM) the input bits to produce a sequence of frequency-domain modulation symbols .
Serial-to-parallel block 210 converts (i.e., de-multiplexes) the serial modulated

symbols to parallel data to produce N parallel symbol streams where N is the
IFFT/FFT size used in BS 102 and SS 116. Size N IFFT block 215 then performs an
IFFT operation on the N parallel symbol streams to produce time-domain output
signals. Parallel-to-serial block 220 converts (i.e., multiplexes) the parallel
time-domain output symbols from Size N IFFT block 215 to produce a serial
time-domain signal. Add cyclic prefix block 225 then inserts a cyclic prefix to the
time-domain signal. Finally, up-converter 230 modulates (i.e., up-converts) the output
of add cyclic prefix block 225 to RF frequency for transmission via a wireless channel.
The signal may also be filtered at baseband before conversion to RF frequency.

The transmitted RF signal arrives at SS 116 after passing through the wireless
channel and reverse operations to those at BS 102 are performed. Down-converter
255 down-converts the received signal to baseband frequency and remove cyclic
prefix block 260 removes the cyclic prefix to produce the serial time-domain baseband
signal. Serial-to-parallel block 265 converts the time-domain baseband signal to



parallel time domain signals. Size N FFT block 270 then performs an FFT algorithm
to produce N parallel frequency-domain signals. Parallel-to-serial block 275 converts
the parallel frequency-domain signals to a sequence of modulated data symbols.
Channel decoding and demodulation block 280 demodulates and then decodes the
modulated symbols to recover the original input data stream.

The transmit path and receive path components described herein and
illustrated in FIGURES 2A and 2B are configurable devices that may be
re-programmed and controlled by main controller 235 in BS 102 or main controller
285 in SS 116. Thus, for example, main controller 235 is operable to configure
modulation block 205 to adapt to different modulation techniques (e.g., BPSK, QPSK,
QAM, etc.). Similarly, main controller 285 is operable to similarly configure
demodulation block 280. Main controllers 235 and 285 are also operable to modify
the value of Size N .

Each of base stations 101-103 may implement a transmit path that is

analogous to transmitter 200 for transmitting in the downlink to subscriber stations
111-116 and may implement a receive path that is analogous to receiver 250 for
receiving in the uplink from subscriber stations 111-116. Similarly, each one of
subscriber stations 11 1-1 16 may implement a transmit path corresponding to the
architecture of transmitter 200 for transmitting in the uplink to base stations 101-103

and may implement a receive path corresponding to the architecture of receiver 250
for receiving in the downlink from base stations 101-103.

There may be a large number of subscriber stations present in wireless
network 100. Due to the bursty nature of data traffic, typically only a few subscriber
stations are scheduled to receive a transmission at a given time. A mechanism for
dynamic allocation of ACK/NACK channels was disclosed in U.S. Patent Application
Serial No. 11/390,056, which was incorporated by reference above. Main controllers
235 and 285 are operable to allocate uplink channel resources to subscriber stations
111-116 as described in U.S. Patent Application Serial No. 11/390,056. In one
embodiment of the present disclosure, each one of base stations 101-103 is capable of
dynamically allocating uplink channel resources to subscriber stations 111-116
according to the number of subscriber stations that will be receiving downlink data
transmissions and will be required therefore to send ACK or NACK messages (and
associated pilot signals) back to a transmitting base station. The uplink channel
resources may be independently and selectively allocated for each transmission, rather
than being permanently dedicated to particular subscriber stations.



FIGURE 3A illustrates N-channel stop-and-wait (SAW) synchronous hybrid
acknowledgment request (HARQ) technique according to a conventional embodiment.
In FIGURE 3A, an exemplary portion of the downlink frame transmitted by a base
station (BS X-mit) is shown at the top. The downlink frame portion comprises fifteen
(15) subframes (SFs) consecutively numbered SFl through SFl 5. In an OFDMA
network, each subframe may comprise a plurality of time slots in which OFDMA
symbols are transmitted. By way of example, each one of subframes SFl through
SF 15 may comprise eight (8) time slots, where each time slot contains a single
OFDMA symbol comprising 512 subcarriers (or tones). In an alternate code division
multiple access (CDMA) embodiment, each subframe may comprise a plurality of
CDMA codes.

In FIGURE 3A, the base station (BS) transmits a data packet P and redundant
coding data to a subscriber station (SS) in a synchronous (or periodic) manner. The
data packet and redundant coding data are divided into M subpackets, including
exemplary subpackets SPl, SP2, SP3, SP4, and so forth. The base station (BS)
transmits in subframe SFl both control (CTRL) information and subpacket SPl.

In the case of a synchronous HARQ protocol, the retransmissions happen at
fixed time intervals. The retransmission rate, N, is assumed equal to 4. With N=4, if
the first subpacket is transmitted in subframe 1, the retransmissions can only happen in
every 4th subframe thereafter (i.e., subframes SF5, SF9, SF13). In case of N-channel
stop-and-wait (SAW), N parallel information packets can be transmitted on each of the
N SAW channels.

The subscriber station (SS) receives the control (CTRL) information and
subpacket SPl in subframe SFl and uses the control information to process SPl in
order to recover the original data packet P. It is assumed that the subscriber station
(SS) is unable to recover data packet P, so the subscriber station (SS) transmits a
negative acknowledgment (NACK) message back to the base station (BS). The
subpacket SPl is not thrown away, but is stored.

When the base station (BS) transmits subpacket SP2 during subframe SF5,
the subscriber station (SS) processes subpackets SPl and SP2 together in order to
recover the original data packet P. It is assumed that the subscriber station (SS) is

again unable to recover data packet P, so the subscriber station (SS) transmits a
negative acknowledgment (NACK) message back to the base station (BS). The
subpackets SPl and SP2 are both stored.

Next, the base station (BS) transmits subpacket SP3 during subframe SF9.



The subscriber station (SS) processes subpackets SPl, SP2 and SP3 together in order
to recover the original data packet P. It is assumed that the subscriber station (SS) is

again unable to recover data packet P, so the subscriber station (SS) transmits a
negative acknowledgment (NACK) message back to the base station (BS). The
subpackets SP1-SP3 are now stored in the subscriber station.

Finally, the base station (BS) transmits subpacket SP4 during subframe SF 13.

The subscriber station (SS) processes subpackets SP1-SP4 together in order to
recover the original data packet P. This time, the subscriber station (SS) successfully
recovers data packet P, so the subscriber station (SS) transmits an acknowledgment
(ACK) message back to the base station (BS).

One of the benefits of the synchronous HARQ technique depicted in FIGURE
3A is that the control information in subframe SFl only needs to be transmitted along
with the first subpacket SPl, because the timing of the remaining subpacket
transmissions (or retransmissions) is predetermined. However, the drawback of the
synchronous HARQ technique is that the individual subpacket transmissions (or
retransmissions) cannot be scheduled at preferable channel conditions because the
timing of the retransmissions is predetermined. Also, the modulation, coding and
resource format (i.e., subcarrier time-frequency slots) cannot be adapted at the time of
the individual subpacket retransmissions according to the prevailing channel
conditions at the time of retransmissions.

FIGURE 3B illustrates N-channel stop-and-wait (SAW) asynchronous
hybrid ARQ according to a conventional embodiment. In FIGURE 3B, an exemplary
portion of the downlink frame transmitted by a base station (BS X-mit) is shown at the
top. FIGURE 3A is similar to FIGURE 3B in many ways, except that the
transmissions (or retransmissions) of subpackets SP2-SP4 occur in an asynchronous
or aperiodic manner.

In case of asynchronous HARQ the retransmission timing, control (CTRL)
information must be transmitted with each one of subpackets SP1-SP4. Thus, first
control information is transmitted with subpacket SPl in subframe SFl, second
control information is transmitted with subpacket SP2 in subframe SF7, third control
information is transmitted with subpacket SP3 in subframe SFIl, and fourth control
information is transmitted with subpacket SP4 in subframe SF 14. It is noted that in
subframes SFl, SF7, SFI l and SF 14 are asynchronous or aperiodic.

Advantageously, the individually modifiable control information transmitted
in subframes SFl, SF7, SFIl and SF 14 may be used to adapt one or more of the



modulation, coding and resource format (i.e., subcarrier time-frequency slots) in each
subframe according to the prevailing channel and resource conditions at the time of
transmission of each one of subpackets SPl, SP2, SP3 and SP4. However, a major
drawback of this type of asynchronous and adaptive HARQ is that the control
information is sent along with all subpackets, which greatly increases the control
messaging overhead. It is noted that control information in conventional
asynchronous HARQ systems must be transmitted even if the transmission timing,
modulation, coding and resource information of the retransmission are unchanged
from the previous subframe. This introduces redundancy in the transmission of the
control information without any significant benefit.

FIGURE 4 illustrates Table 400, which is an example of a control signaling
message for a HARQ system. The control information message can either be targeted
to a single subscriber station (SS) (or mobile station (MS), mobile terminal (MT), user
equipment (UE), etc.) or to multiple subscriber stations. In case of control signaling
message for multiple subscriber stations, separate control fields are needed for each of
the subscriber stations targeted by the control message.

The hybrid ARQ related information consists of Hybrid ARQ process
number, which is the ID of the SAW channel. Assuming a 3-bit Hybrid ARQ Process
Number, a maximum of eight (8) SAW channels may be supported. The Hybrid ARQ
Redundancy Version indicates the subpacket ID. Assuming a 2-bit Hybrid ARQ
Redundancy Version, a maximum of four (4) subpacket IDs may be supported. The
1-bit New Data indicator is used to indicate if the subpacket is from the current
information packet or a new information packet. When the New Data indicator bit is
set to Logic 1, it indicates the start of a new information packet and therefore, the
subscriber station receiver may discard any stored subpackets on the corresponding
SAW channel.

The present disclosure introduces a new asynchronous and adaptive HARQ
technique in which the control (CTRL) information is only transmitted if at least one
of the subpacket timing, modulation, coding, transmission duration or resource
parameters is to be changed. Advantageously, this avoids the transmission of
redundant and unneeded control information when the retransmitted subpackets are
sent in a synchronous manner and without modification from a previous subpacket
transmission. However, when retransmitted subpackets must be sent in an
asynchronous or with modification from a previous subpacket transmission, the
control (CTRL) information does accompany the retransmitted subpackets. In this



way the control information is only transmitted when necessary. This avoids
unnecessary control channel overhead and improves system throughput and
performance.

FIGURE 5 illustrates a low overhead asynchronous hybrid acknowledgment
request (HARQ) technique according to the principles of the present disclosure. In
FIGURE 5, base station (BS) 102 transmits a first subpacket and first control
information in subframe SFl. Subscriber station (SS) 116 receives the first control
information and subpacket SPl and uses the first control information to process
subpacket SPl (process step 502). Assuming SS 116 is unable to recover the original
data packet P, SS 116 transmits a NACK message to BS 102 (process step 504).

However, the retransmission (or transmission) of the second subpacket SP2 is

delayed until subframe SF 12 (i.e., asynchronous. Nonetheless, SS 116 always tries to
receive the retransmitted subpackets under the assumption of synchronous
retransmissions. In this example, it is assumed that N=4, so that SS 116 expects a
retransmission of subpacket SP2 in subframe SF5 (i.e., every 4th subframe). Since BS
102 has preempted the transmission of subpacket SP2 with transmission of data X to
another subscriber station, SS 116 erroneously processes SPl and X (process step 512).
Since SS 116 is still unable to recover the original data packet P, SS 116 transmits a
second NACK message to BS 102 (process step 514). Both subpacket SPl and Data
X remain stored in SS 116.

Similarly, in subframe SF9, SS 116 expects transmission of subpacket SP3,
but BS 102 transmits data Y to another subscriber station. SS 116 erroneously
processes SPl, X and Y (process step 522). Since SS 116 is still unable to recover the
original data packet P, SS 116 transmits a third NACK message to BS 102 (process
step 524). Subpacket SP 1, Data X, and Data Y are all stored in SS 116.

After three unsuccessful decoding attempts in subframes SFl, SF5 and SF9,
subscriber station (SS) 116 expects the next synchronous retransmission to occur in
subframe SF13. However, in subframe SF12, SS 116 decodes a second control
(CRTL) information signal indicating transmission of subpacket SP2. Upon receiving
this second control information, SS 116 determines that the transmissions of Data X
and Data Y in subframes SF5 and SF9 were not directed to SS 116. Therefore, SS 116
processes subpackets SPl and SP2 (process step 532) and discards X and Y (process
step 534).

Assuming SS 116 is still unable to recover the original data packet P from
subpackets SPl and SP2, SS 116 transmits a NACK message to BS 102 (process step



536). BS 102 then retransmits subpacket SP3 in a synchronous manner in subframe
SF 16. In this case, however, no control information is transmitted along with
subpacket SP3. After subframe SF12, SS 116 now assumes synchronous
retransmissions in every 4th subframe beginning at subframe SF 12. Thus, in subframe
SF16, SS 116 receives and decodes subpacket SP3 using the second control
information received in subframe SF 12. Next, SS 116 processes subpackets SP1-SP3
together to decode data packet P (process step 542). Assuming SS 116 successfully
recovers data packet P, SS 116 transmits and ACK message back to BS 102 (process
step 544).

FIGURE 6 illustrates the low overhead asynchronous hybrid
acknowledgment request (HARQ) technique according to one embodiment of the
disclosure. In FIGURE 6, BS 102 transmits first control information along with
subpacket SPl in subframe SFl. Thereafter, retransmissions occur at fixed intervals
(N=4) in a synchronous manner. Thus, BS 102 transmits subpacket SP2 in subframe
SF5 and transmits subpacket SP3 in subframe SF9.

Subscriber station (SS) 116 receives the first control information and
subpacket SPl in subframe SFl and uses the first control information to process
subpacket SPl (process step 602). Assuming SS 116 is unable to recover the original
data packet P, SS 116 transmits a NACK message to BS 102 (process step 604).

Subscriber station (SS) 116 next receives subpacket SP2 in subframe SF5 and
uses the first control information from subframe SFl to process subpackets SPl and
SP2 together (process step 612). Assuming SS 116 is still unable to recover the
original data packet P, SS 116 transmits another NACK message to BS 102 (process
step 614).

Finally, subscriber station (SS) 116 receives subpacket SP3 in subframe SF9
and uses the first control information from subframe SFl to process subpackets
SP1-SP3 together (process step 622). Assuming SS 116 successfully recovers the
original data packet P, SS 116 transmits an ACK message to BS 102 (process step 624).
It should be noted that synchronous HARQ is treated as a special case of the low
overhead asynchronous and adaptive HARQ according to the principles of the present
disclosure.

FIGURE 7 illustrates a low overhead asynchronous HARQ technique
according to another embodiment of the disclosure. In FIGURE 7, BS 102 transmits
first control information along with subpacket SPl in subframe SFl. Thereafter, BS
102 transmits Data X in subframe SF5, Data Y in subframe SF9, and Data Z in



subframe SF 13. Data X, Data Y and Data Z are directed to subscriber stations other
than SS 116. This situation occurs when subpacket retransmissions to SS 116 are
preempted by transmissions to other subscriber stations.

In the HARQ technique illustrated in FIGURE 7, SS 116 only keeps the
transmissions that were received along with control (CTRL) channel information.
After the maximum number of transmission attempts is reached and the packet
decoding is still unsuccessful, SS 116 assumes that its subpacket retransmissions have
been preempted and only keeps the subpacket SPl received with control information.
Thus, SS 116 discards Data X, Data Y and Data Z that did not accompany control
channel information.

In FIGURE 7, SS 116 receives subpacket SPl and first control information in
subframe SFl. SS 116 processes SPl and fails to recover the original data packet P
(process step 702). SS 116 then transmits a NACK message to BS 102 (process step
704). In subframe SF5, SS 116 receives Data X, processes SPl and X together, fails
to recover the original data packet P, and transmits a NACK message to BS 102

(process steps 712 and 714). In subframe SF9, SS 116 receives Data Y, processes SPl,
X, and Y together, fails to recover the original data packet P, and transmits a NACK
message to BS 102 (process steps 722 and 724). In subframe SF13, SS 116 receives
Data Z, processes SPl, X, Y, and Z together, and fails to recover the original data
packet P (process step 732). Since the maximum number of retransmissions has been
reached, SS 116 discards X, Y and Z (process step 734) and transmits a NACK
message to BS 102 (process steps 736).

In case of preemption as described in this case, when BS 102 retransmits
subpacket SP2 at a later time, a new control information message will be transmitted
along with subpacket SP2. SS 116 then combines the stored subpacket SPl and the
newly received subpacket SP2 for decoding of the data packet P. If needed,
retransmissions of subpackets SP3 and SP4 may follow according to the principles of
the present disclosure described above. That is, if subpackets SP3 and SP4 are
transmitted synchronously after subpacket SP2, no control channel information
accompanies these subpackets. However, if subpackets SP3 and SP4 are transmitted
asynchronously, additional control channel information accompanies these
subpackets.

FIGURE 8 illustrates a low overhead asynchronous HARQ technique
according to another embodiment of the disclosure. In FIGURE 8, BS 102 transmits
to SS 116 subpackets associated with a low priority packet A and then preempts the



data packet A with subpackets associated with a high priority packet B. Both data
streams, A and B, are directed to SS 116.

Initially, BS 102 transmits in subframe SFl a first subpacket SP A l from the
low priority data packet A, along with first control information. The first control
information (00 00 1) indicates SAW channel # 1 (00), subpacket #1 (00), and the New
Data Indicator is set to 1, which means that it is the start of a new information packet
transmission. SS 116 processes subpacket SP Al, is unable to recover data packet A,
and transmits a NACK message to BS 102 (process steps 802 and 804).

In subframe SF5, BS 102 transmits a first subpacket B 1 from the high priority
data packet B, along with second control information. In subframe SF5, SS 116

expects a synchronous retransmission of subpacket SP A2 after sending a NACK
signal to B S 102, but the transmission is preempted in favor of subpacket SP Bl, the
first subpacket from high priority information data packet B. The second control
information (01 00 1) indicates SAW channel #2 (01), subpacket # 1 (00), and the New
Data Indicator is set to 1. In response, SS 116 stores subpacket SP Al, processes
subpacket SP Bl, is unable to recover data packet B, and transmits a NACK message
to BS 102 (process steps 812 and 814).

In subframe SF9, BS 102 transmits a second subpacket B2 from the high
priority data packet B, but without control information. Since, the retransmission of
the second subpacket SP B2 from data packet B is synchronous in subframe SF9, no
control information is transmitted for to SS 116 in subframe SF9. SS 116 processes
subpackets SP Bl and SP B2, successfully recovers data packet B, and transmits an
ACK message to BS 102 (process steps 822 and 824).

Finally, in subframe SF13, BS 102 transmits a second subpacket SP A2 from
the low priority data packet A, along with third control information. The third control
information is sent in subframe SF 13 because subpacket SP A2 is considered an
asynchronous transmission after preemption of data packet A in subframe SF5. The
third control information (00 0 1 0) indicates SAW channel # 1 (00), subpacket #2 (01),
and the New Data Indicator is set to 0, which means that subpacket SP A2 is a
continuation of a previous information packet transmission. SS 116 processes
subpackets SP A l and SP A2, successfully recovers data packet A, and transmits an
ACK message to BS 102 (process steps 832 and 834).

FIGURE 9 illustrates a low overhead asynchronous HARQ technique
according to another embodiment of the disclosure. In FIGURE 9, BS 102 transmits
to SS l lό subpackets associated with a low priority packet P and then pre-empts the



data packet P with subpackets associated a high priority packet Q that are directed to
a different subscriber station, SS 115. This may happen due to quality of service
(QoS) priority considerations between subscriber stations or based on the scheduler
decision determined from, for example, the relative channel conditions of the two
subscriber stations. Thus, unlike FIGURE 8, data streams P and Q are directed to
different subscriber stations.

Initially, BS 102 transmits in subframe SFl a first subpacket SP Pl from the
low priority data packet P, along with first control information. The first control
information (00 00 1) indicates SAW channel # 1 (00), subpacket # 1 (00), and the New
Data Indicator is set to 1, which means that it is the start of a new information packet
transmission. SS 116 processes subpacket SP Pl, is unable to recover data packet A,
and transmits a NACK message to BS 102 (process steps 902 and 904).

In subframe SF5, BS 102 transmits to SS 115 a first subpacket Ql from the
high priority data packet Q, along with second control information. In subframe SF5,
SS 116 expects a synchronous retransmission of subpacket SP P2 after sending a
NACK signal to BS 102, but the transmission is preempted in favor of subpacket SP

Ql, the first subpacket from high priority information data packet Q.

The second control information (00 00 1) indicates SAW channel # 1 (00),
subpacket # 1 (00), and the New Data Indicator is set to 1. It should be noted that in
this case, the same SAW channel - SAW channel # 1 indicated by 00 - can be used
because SS 116 and SS 115 are identified by a separate field in the control message.
After sending a NACK message in subframe SFl, SS 116 expects a retransmission of
subpacket SP P2 in subframe SF5. However, SS 116 detects a transmission for SS 115.

In response, SS 116 stores subpacket SP Pl for later processing. Meanwhile,
SS 115 processes subpacket SP Ql, is unable to recover data packet Q, and transmits
a NACK message to BS 102 (process steps 912 and 914).

In subframe SF9, BS 102 transmits a second subpacket Q2 from the high
priority data packet Q, but without control information. Since, the retransmission of
the second subpacket SP Q2 from data packet Q is synchronous in subframe SF9, no
control information is transmitted to SS 116 in subframe SF9. SS 116 processes
subpackets SP Ql and SP Q2, successfully recovers data packet Q, and transmits an
ACK message to BS 102 (process steps 922 and 924).

Finally, in subframe SF 13, BS 102 transmits a second subpacket SP P2 from
the low priority data packet P, along with third control information. The third control



information is sent in subframe SF 13 because subpacket SP P2 is considered an
asynchronous transmission after preemption of data packet P in subframe SF5. The
third control information (OO 0 1 0) indicates SAW channel # 1 (00), subpacket #2 (01),
and the New Data Indicator is set to 0, which means that subpacket SP P2 is a
continuation of a previous information packet transmission. SS 116 processes
subpackets SP P l and SP P2, successfully recovers data packet P, and transmits an
ACK message to BS 102 (process steps 932 and 934).

It is noted that in some embodiment of the present disclosure, a NACK
message may be indicated by a DTX transmission or an "OFF" signal, that is, the
absence of any transmission. However, an ACK message is indicated by transmitting
at least some energy or an "ON" signal in the ACK/NACK channel. It should be noted
that when a transmission to a first subscriber station is preempted by another packet
transmission to a second subscriber station, the ACK/NACK channel is used to
provide feedback to the second subscriber station. Therefore, the preempted first
subscriber station should not be transmitting any energy over the ACK/NACK channel.
An ACK/NACK channel, for example, is defined as a certain time-frequency

resource in the example of a multi-carrier OFDM system or as a code in the example
of a CDMA transmission. If a packet transmission is not preempted, the base station
interprets the absence of any energy on the ACK/NACK channel as an indication of a
NACK message.

FIGUPvE 10 illustrates a low overhead asynchronous HARQ technique
according to another embodiment of the disclosure. In FIGURE 10vone or more of the
timing, resource allocation, modulation and coding formats may be changed by
sending a control message along with a subpacket retransmission. In FIGURE 10, BS
102 transmits a first subpacket SPl and first control information to SS 116 during
subframe SFl. SS 116 receives subpacket SPl and first control information in
subframe SFl. SS 116 processes SPl and fails to recover the original data packet P
(process step 1002). SS 116 then transmits a NACK message to BS 102 (process step
1004).

BS 102 transmits the second subpacket SP2 synchronously, so that additional
control information is not required. SS 116 receives subpacket SP2, processes
subpackets SPl and SP2 together and fails to recover the original data packet P
(process step 1012). SS 116 then transmits a NACK message to BS 102 (process step
1014).

Finally, BS 102 transmits third subpacket SP3 asynchronously, along with



third control information. The third control information may be use to modify one or
more of the resource allocation (i.e., time-frequency slot of subcarriers), modulation
and coding formats, and the like. SS 116 receives third subpacket SP3 and the third
control information and uses the third control information to demodulate and decode
subpacket SP3. SS 116 then processes subpackets SP1-SP3 together and successfully
recovers the original data packet P (process step 1022). SS 116 then transmits an ACK
message to BS 102 (process step 1024).

FIGURE 11 illustrates a low overhead asynchronous HARQ technique
according to another embodiment of the disclosure. In FIGURE 11, in addition to the
timing, resource allocation, modulation and coding formats, the duration of
transmission may also be changed on retransmission relative to the previous
transmission. The new retransmission duration is indicated by the control information
sent when such a change takes place. In FIGURE 11, the retransmission duration for
SP3 is 2 subframes relative to 1 subframe duration for SPl and SP2.

BS 102 transmits a first subpacket SPl and first control information to SS 116

during subframe SFl. SS 116 receives subpacket SPl and first control information in
subframe SFl. SS 116 processes SPl and fails to recover the original data packet P
(process step 1102). SS 116 then transmits a NACK message to BS 102 (process step
1104).

BS 102 then transmits the second subpacket SP2 synchronously, so that
additional control information is not required. SS 116 receives subpacket SP2,
processes subpackets SPl and SP2 together and fails to recover the original data
packet P (process step 1112). SS 116 then transmits a NACK message to BS 102

(process step 11 14).
Finally, BS 102 transmits third subpacket SP3 asynchronously in subframe

SF 11, along with third control information. The third control information modifies the
transmission duration of subpacket SP3. Subpacket SP3 is transmitted across two
subframes, SFl 1 and SF12. SS 116 receives a portion of third subpacket SP3 and the
third control information in subframe SFIl. SS 116 also receives the remainder of
third subpacket SP3 in subframe SF 12 and uses the third control information to
recover all of subpacket SP3 from both subframes. SS 116 then processes subpackets
SPl- SP3 together and successfully recovers the original data packet P (process step
1122). SS 116 then transmits an ACK message to BS 102 (process step 1124).

FIGURES 12 and 13 illustrate a low overhead asynchronous HARQ
technique according to another embodiment of the disclosure. Upon receiving a



retransmission along with control information at either a synchronous subframe or an
asynchronous subframe for the current packet transmission, SS 116 does not discard
the previous synchronous retransmission. BS 102 notifies SS 116 to keep the previous
synchronous retransmission with an indication in the second control information
message as shown in FIGURES 12 and 13. By way of example, this may be indicated
by a 1-bit indication that indicates whether to keep or discard the previous
synchronous retransmission. It should be noted that more than 1-bit can be used to
signal this status if the control channel indication applies to multiple previous
synchronous retransmissions upon receiving a retransmission along with the control
channel.

In FIGURE 12, BS 102 transmits a first subpacket SPl and first control
information to SS 116 during subframe SFl. SS 116 receives subpacket SPl and first
control information in subframe SFl. SS 116 processes SPl and fails to recover the
original data packet P (process step 1202). SS 116 then transmits a NACK message to
BS 102 (process step 1204). BS 102 then transmits the second subpacket SP2
synchronously in subframe SF5, so that additional control information is not required.
SS 116 receives subpacket SP2, processes subpackets SPl and SP2 together and fails

to recover the original data packet P (process step 1212). SS 116 then transmits a
NACK message to BS 102 (process step 1214).

BS 102 then transmits Data X to another subscriber station in subframe SF9.
Since this is a synchronous frame, SS 116 receives subpacket SP2, processes

subpackets SPl and SP2 and Data X together and once again fails to recover the
original data packet P (process step 1222). SS 116 then transmits a NACK message to
BS 102 (process step 1224).

In subframe SFl 1, BS 102 asynchronously transmits third subpacket SP3 and
second control information to SS 116 during subframe SFIl. SS 116 receives
subpacket SP3 and the second control information in subframe SFIl. The second
control information contains an indicator that indicates the previous synchronous
transmission in subframe SF9 was invalid. In response, SS 116 processes SPl, SP2
and SP3 (process step 1232) and discards Data X (process step 1234). SS 116

successfully recovers the original data packet P and then transmits an ACK message to
BS 102 (process step 1236).

In FIGURE 13, BS 102 transmits a first subpacket SPl and first control
information to SS 116 during subframe SFl. SS 116 receives subpacket SPl and first
control information in subframe SFl. SS 116 processes SPl and fails to recover the



original data packet P (process step 1302). SS 116 then transmits aNACK message to
BS 102 (process step 1304).

BS 102 then transmits Data X to another subscriber station in subframe SF5.
Since this is a synchronous subframe, SS 116 receives subpacket Data X, processes

subpacket SPl and Data X together and once again fails to recover the original data
packet P (process step 1312). SS 116 then transmits a NACK message to BS 102
(process step 1314).

In subframe SF9, BS 102 synchronously transmits second subpacket SP2 and
second control information to SS 116 during subframe SF9. SS 116 receives
subpacket SP2 and the second control information in subframe SF9. The second
control information contains an indicator that indicates the previous synchronous
transmission in subframe SF5 was invalid. In response, SS 116 processes SPl and
SP2 (process step 1322) and discards Data X (process step 1324). SS 116 successfully
recovers the original data packet P and then transmits an ACK message to BS 102

(process step 1326).

FIGURE 14 illustrates a low overhead asynchronous HARQ technique
according to another embodiment of the disclosure. InFIGURE 14, BS 102 transmits
control information messages indicate if future retransmissions will be synchronous or
asynchronous. This may be achieved by a 1-bit indication in the control information
message.

In subframe SFl, BS 102 transmits subpacket SPl and first control
information indicating that future retransmissions will be synchronous. SS 116

receives subpacket SPl and first control information in subframe SFl. SS 116

processes subpacket SPl and fails to recover the original data packet P (process step
1402). SS 116 then transmits a NACK message to BS 102 (process step 1404). In
subframe SF5, BS 102 synchronously retransmits subpacket SP2. SS 116 processes
subpackets SPl and SP2 and again fails to recover the original data packet P (process
step 1412). SS 116 then transmits another NACK message to BS 102 (process step
1414).

In subframe 9, BS 102 synchronously transmits subpacket SP3 and second
control information which indicates that any further retransmissions will happen
asynchronously. SS 116 processes subpackets SPl, SP2 and SP3 and again fails to
recover the original data packet P (process step 1422). SS 116 then transmits another
NACK message to BS 102 (process step 1424).

Finally, in subframe 15, BS 102 asynchronously transmits subpacket SP4 and



third control information. SS 116 processes subpackets SP1-SP4 and successfully
recovers the original data packet P (process step 1432). SS 116 then transmits another
NACK message to BS 102 (process step 1434).

In an advantageous embodiment, the base station may select operation in
synchronous HARQ mode or asynchronous HARQ mode based on subscriber station
mobility. In general, low-speed subscriber stations benefit from multi-user scheduling.
Also, control channel overhead for low-speed subscriber stations is lower because
appropriate power levels may be used for control channels due to reliable channel
quality estimates available at the base station. Therefore, asynchronous HARQ may
be used for low-speed subscriber stations. On the other hand, high-speed subscriber
stations do not benefit from multi-user scheduling and signaling overhead is also
larger for high-speed subscriber station due to the margins required for unreliable
channel quality estimates. Therefore, a synchronous HARQ may be used for
high-speed subscriber stations.

In another advantageous embodiment, the base station may select operation
in synchronous HARQ mode or asynchronous HARQ mode based on the user memory
size to store the subpackets. If a large buffer is available, asynchronous HARQ mode
may be used. For small buffer sizes, synchronous HARQ niode is preferred. In
another embodiment, the control information is always sent with the retransmissions
when the maximum buffer size for the subscriber station is reached.

In another embodiment, the control information sent along with the
retransmitted subpackets may be of a smaller size than the control information in the
first subpacket transmission. This may be the case, for example, when only a subset
of the parameters needs to be changed for the retransmitted subpackets.

In another embodiment, different scrambling codes may be used to scramble
data for different subscriber stations. This would prevent a subscriber station from
combining and decoding retransmissions destined for other subscriber stations. Also,
the subpacket identifiers may be different redundancy versions or may serve as

subpacket sequence number.
Although the present disclosure has been described with an exemplary

embodiment, various changes and modifications may be suggested to one skilled in
the art. It is intended that the present disclosure encompass such changes and
modifications as fall within the scope of the appended claims.



WHAT IS CLAIMED IS:

1. For use in a wireless network that communicates with a plurality of
subscriber stations, a base station for communicating with a first subscriber station
using an adaptable asynchronous hybrid acknowledge request (HARQ) technique in
which the base station transmits an original data packet to the first subscriber station
as a plurality of subpackets distributed in subframes of a downlink channel and the
first subscriber station transmits one of an ACK message and a NACK message in an
uplink channel in response to each of the plurality of subpackets, wherein the base
station transmits to the first subscriber station a first subpacket and first control
information in a first subframe and transmits a subsequent second subpacket to the
first subscriber station in one of synchronous mode and asynchronous mode, wherein
the base station transmits in synchronous mode by transmitting subsequent subpackets
in synchronous subframes after the first subframe and transmits the subsequent second
subpacket without additional control information in a synchronous second subframe
occurring N subframes after the first subframe, and wherein the base station transmits
in asynchronous mode by transmitting the subsequent second subpacket and second
control information in an asynchronous second subframe occurring after the first
subframe.

2. The base station as set forth in Claim 1, wherein the first control
information is usable by the first-subscriber station to process the first subpacket.

3. The base station as set forth in Claim 2, wherein the first control
information is further usable by the first subscriber station to process subsequent
subpackets that are received from the base station in synchronous mode.

4. The base station as set forth in Claim 2, wherein the second control
information is usable by the first subscriber station to process the subsequent second
subpacket.

5. The base station as set forth in Claim 4, wherein the second control
information is further usable by the first subscriber station to process subsequent
subpackets that are received from the base station in synchronous mode with respect to
the asynchronous second subframe.



6. The base station as set forth in Claim I5 wherein the base station, after
asynchronously transmitting the subsequent second subpacket, is further operable to
transmit a subsequent third subpacket in one of synchronous mode and asynchronous
mode, wherein the base station transmits in synchronous mode by transmitting
subsequent subpackets after the subsequent second subpacket in synchronous
subframes after the asynchronous second subframe and transmits the subsequent third
subpacket without additional control information in a synchronous third subframe
occurring N subframes after the asynchronous second subframe, and wherein the base
station transmits in asynchronous mode by transmitting the subsequent third
subpacket and third control information in an asynchronous third subframe occurring
after the asynchronous second subframe.

7. The base station as set forth in Claim 6, wherein the first control
information is usable by the first subscriber station to process the first subpacket.

8. The base station as set forth in Claim 7, wherein the second control
information is usable by the first subscriber station to process the subsequent second
subpacket.

9. The base station as set forth in Claim 8, wherein the second control
information is further usable by the first subscriber station to process subsequent
subpackets that are received from the base station in synchronous mode after the
asynchronous second subframe.

10. The base station as set forth in Claim 9, wherein the third control
information is usable by the first subscriber station to process the subsequent third
subpacket.

11. A wireless network comprising a plurality of base stations, each one of
the base stations for communicating with a first subscriber station using an adaptable
asynchronous hybrid acknowledge request (HARQ) technique in which the each base
station transmits an original data packet to the first subscriber station as a plurality of
subpackets distributed in subframes of a downlink channel and the first subscriber
station transmits one of an ACK message and a NACK message in an uplink channel
in response to each of the plurality of subpackets, wherein the each base station
transmits to the first subscriber station a first subpacket and first control information in



a first subframe and transmits a subsequent second subpacket to the first subscriber
station in one of synchronous mode and asynchronous mode, wherein the each base
station transmits in synchronous mode by transmitting subsequent subpackets in
synchronous subframes after the first subframe and transmits the subsequent second
subpacket without additional control information in a synchronous second subframe
occurring N subframes after the first subframe, and wherein the each base station
transmits in asynchronous mode by transmitting the subsequent second subpacket and
second control information in an asynchronous second subframe occurring after the
first subframe.

12. The wireless network as set forth in Claim 11, wherein the first control
information is usable by the first subscriber station to process the first subpacket.

13. The wireless network as set forth in Claim 12, wherein the first control
information is further usable by the first subscriber station to process subsequent
subpackets that are received from the each base station in synchronous mode.

14. The wireless network as set forth in Claim 12, wherein the second
control information is usable by the first subscriber station to process the subsequent
second subpacket.

15. The wireless network as set forth in Claim 14, wherein the second
control information is further usable by the first subscriber station to process
subsequent subpackets that are received from the each base station in synchronous
mode with respect to the asynchronous second subframe.

16. For use in a base station that communicates with a plurality of subscriber
stations, a method of communicating with a first subscriber station using an adaptable
asynchronous hybrid acknowledge request (HARQ) technique in which the base
station transmits an original data packet to the first subscriber station as a plurality of
subpackets distributed in subframes of a downlink channel, the method comprising the

steps of:
transmitting to the first subscriber station a first subpacket and first control

information in a first subframe; and
one of:



transmitting a subsequent second subpacket to the first subscriber station in
synchronous mode, wherein the step of transmitting in synchronous mode transmits
subsequent subpackets in synchronous subframes after the first subframe and wherein
the subsequent second subpacket is transmitted without additional control information

5 in a synchronous second subframe occurring N subframes after the first subframe; and
transmitting a subsequent second subpacket to the first subscriber station in

asynchronous mode, wherein the step of transmitting in asynchronous mode transmits
the subsequent second subpacket and second control information in an asynchronous
second subframe occurring after the first subframe.

0

17. The method as set forth in Claim 16, wherein the first control
information is usable by the first subscriber station to process the first subpacket.

18. The method as set forth in Claim 17, wherein the first control
5 information is further usable by the first subscriber station to process subsequent

subpackets that are received from the base station in synchronous mode.

19. The method as set forth in Claim 17, wherein the second control
information is usable by the first subscriber station to process the subsequent second

0 subpacket.

20. The method as set forth in Claim 19, wherein the second control
information is further usable by the first subscriber station to process subsequent
subpackets that are received from the base station in synchronous mode with respect to

5 the asynchronous second subframe.

21. A subscriber station that communicates with a base station of a wireless
network using an adaptable asynchronous hybrid acknowledge request (HARQ)
technique in which the base station transmits an original data packet to the subscriber

o station as a plurality of subpackets distributed in subframes of a downlink channel and
the subscriber station transmits one of an ACK message and a NACK message in an
uplink channel in response to each of the received subpackets, wherein the subscriber
station receives from the base station a first subpacket and first control information in
a first subframe and receives a subsequent second subpacket from the base station in

5 one of synchronous mode and asynchronous mode, wherein the subscriber station



receives in synchronous mode by receiving subsequent subpackets in synchronous
subframes after the first subframe and receives the subsequent second subpacket
without additional control information in a synchronous second subframe occurring
N subframes after the first subframe, and wherein the subscriber station receives in
asynchronous mode by receiving the subsequent second subpacket and second control
information in an asynchronous second subframe occurring after the first subframe.

22. The subscriber station as set forth in Claim 21, wherein the subscriber
station uses the first control information to process the first subpacket.

23. The subscriber station as set forth in Claim 22, wherein the subscriber
station uses the first control information to process subsequent subpackets that are
received from the base station in synchronous mode.

24. The subscriber station as set forth in Claim 22, wherein the subscriber
station uses the second control information to process the subsequent second
subpacket.

25. A method of communicating with a plurality of subscriber stations in a
wireless network using an adaptable asynchronous hybrid acknowledge request
(HARQ) in which the base station transmits an original data packet to the subscriber
stations as a plurality of subpackets, the method comprising the steps of:

transmitting to a subscriber station a first subpacket and first control
information; and

transmitting to the subscriber station a second subpacket and a second control
information, wherein the second control information is only transmitted if afc least one
of a subpacket transmission timing, modulation scheme, coding, transmission duration
or resource parameters is to be changed.

26. The method as set forth in Claim 25, wherein the control information has
at least one of the attributes indicating priorities among the subpackets, attribute being
directed for another subscriber station, attribute indicating changing resource,
modulation and coding, attribute indicating changing transmission duration, and
attribute indicating previous retransmission invalid.



27. A base station for communicating with a plurality of subscriber stations
in a wireless network using an adaptable asynchronous hybrid acknowledge request
(HARQ) in which the base station transmits an original data packet to the subscriber
stations as a plurality of subpackets, comprising of:

transmitter for transmitting a first subpacket and first control information to
a subscriber station andtransmitting to the subscriber station a second subpacket and
a second control information, wherein the second control information is only
transmitted if at least one of a subpacket transmission timing, modulation scheme,
coding, transmission duration or resource parameters is to be changed.

28. The base station for as set forth in Claim 25, wherein the control
information has at least one of the attributes indicating priorities among the subpackets,
attribute being directed for another subscriber station, attribute indicating changing
resource, modulation and coding, attribute indicating changing transmission duration,
and attribute indicating previous retransmission invalid.
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