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DATA PACKET TRANSM SSI ON BACKGROUND Field [1001] The present invention

rel at es twodawsesepbmruni cati on. More particularly, the presgrnisor/smenti on
relates to inproving data throughput of a wreless comruni cati on system by
preventing unnecessary data sub-packets transm ssion while not m ssing new
dat a packets. Background [1002] The field of wireless comuni cations has
many applications including, e.g., wreless tel ephones, paging, wreless

| ocal | oops, personal digital assistants (PDAs), Internet tel ephony, and
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connection therew th, various dorBACKGROUNRr national standards have
been established including, e.g., Advanced Mobil e Phone Service (AWPS),
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Background
[1002] The field of wireless communications has many applications
including, e.g., wireless telephones, paging, wireless local loops, personal
digital assistants (PDAs), Internet telephony, and satellite communication
systems. A particularly important application is cellular telephone systems for
mobile subscribers. (As used herein, the term “cellular’ systems encompass
both cellular and personal communications services (PCS) frequencies.)
Various over-the-air interfaces have been developed for such cellular telephone
systems including, e.g., frequency division multiple access (FDMA), time
division multiple access (TDMA), and code division multiple access (CDMA). In
connection therewith, various domestic and international standards have been
established including, e.g., Advanced Mobile Phone Service (AMPS), Global
System for Mobile (GSM), and Interim Standard 95 (IS-95). In particular, 1S-95
and its derivatives, 1S-95A, [S-95B, ANSI J-STD-008 (often referred to
collectively herein as 1S-95), and high-data-rate (HDR) systems for data, etc.
are promulgated by the Telecommunication Industry Association (TIA), the
International Telecommunications Union (ITU), and other well known standards
bodies.
[1003] Cellular telephone systems configured in accordance with the use of

the 1S-95 standard employ CDMA signal processing techniques to provide



systemutilizing COVA techniques is the cdma2000. The standard for
cdma2000 is given in | S-2000 and has been approved by the TIA The
cdma2000 wpandases i s conpatible with 1 S-95 systens i n nanPCRARS2/3A4MOt her
CDVA standard is the WCDVA standard, as enbodied in 3rd CGeneration
Partnership Project "3GPP." Another CDVA standard is Interim Standard | S-
856, which is commonly referred to as a HDR system [1004] Transm ssion of
digital data is inherently prone to interference, which rmay introduce
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[1005] When the transmitted data is not used in a delay sensitive application,
it is possible to request retransmission of erroneous data when errors are
detected. However, when the transmission is used in a delay sensitive
application, such as, e.g., in telephone lines, cellular phones, remote video
systems, etc., it may not be possible to request retransmission.
[1006] Convolutional codes have been introduced to allow receivers of digital
data to cotrectly determine the transmitted data even when errors may have
occurred during transmission. The convolutional codes introduce redundancy
into the transmitted data and pack the transmitted data into packets in which the
value of eaéh bit is dependent on earlier bits in the sequence. Thus, when
errors occur, the receiver can still deduce the original data by tracing back
possible sequences in the received data.
[1007] To further improve the performance of a transmission channel,
interleavers are used to re-order bits in the packet during coding. Thus, when
interference destroys some adjacent bits during transmission, the effect of the
interference is spread out over the entire original packet and can more readily
be overcome by the decoding process. Other improvements may include



WO 03/ 032564 PCT/ US02/31778 3 nultiple-conponent codes that encode the
packet nore than once, in parallel or 1in series, or a conbination thereof.
For exanpWwe,o03io32566 known in the art to enploy an error cecTasv/si7sret hod
that uses at |east two convolutional coders in parallel. Such parallel
encoding is commonly referred to as turBo coding. [1008] For

mul ti pl e-conponent codes, optinal decoding is often a very conplex task,
and may require large periods of tinme not usually available for on- line
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decode the soft data read by the receiver. During iterative decoding of multiple-
component codes, the decoder uses results from the decoding of one code to
improve the decoding of the second code. When parallel encoders are used, as
in turbo coding, two corresponding decoders may conveniently be used in
parallel for this purpose. Such iterative decoding is carried out for a plurality of
iterations until it is believed that the soft data closely represents the transmitted
data. Those bits that have a probability indicating that they are closer to one
binary are assigned binary zero, and the remaining bits are assigned binary
one.
[1009] Turbo coding represents an important advancement in the area of
forward error correction (FEC). There are many variants of turbo coding, but
most types of turbo coding use multiple encoding steps separated by
interleaving steps combined with the use of iterative decoding.  This
combination provides previously unavailable performance with respect to noise
tolerance in a communications system. Namely, turbo coding allows
communications at levels of energy-per-bit per noise power speciral density
(Eb/No) that were previously unacceptable using the existing forward error
correction techniques.



communi cations at |evels of energy-per-bit per noise power spectral density
(Eb/ No) that were previously unacceptable using the existing forward error
correcti owotieoesssgues. WO 03/ 032564 PCT/ US02/ 31778 4 [ 10PQfr/usarny1778
comuni cations systens use forward error correction techniques and
therefore would benefit fromthe use of4turbo coding. For exanple, turbo
codes could i nprove the performance of wireless satellite links, in which
the limted downlink transmt power of the satellite necessitates receiver
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station. soft combining allows the recovery of corrupted bits. Through the process of
soft combining, wherein one corrupted sub-packet is combined with another
corrupted sub-packet, the transmission of repetitious and redundant sub-
packets can allow a system to transmit data at a guaranteed minimum
transmission rate.
[1012] Transmissions of the sub-packets to the remote station may be in a
staggered pattern so that transmission gaps occur between the redundant sub-
packets. The delay between sub-packets provides an opportunity for the target
remote station to process decoding the sub-packet before the arrival of the next
sub-packet of the same packet. If the remote station is able to successfully
decode the sub-packet before the arrival of the next sub-packet and to verify the
CRC bits of the decoded result before the arrival of the next sub-packet, the
remote station transmits an acknowledgment (ACK) signal to the base station.
Otherwise, the remote station transmits a negative acknowledgment (NAK)
signal to the base station. If the base station could demodulate and interpret
the ACK signal sufficiently in advance of the next scheduled redundant sub-
packet transmission, the base station need not send any redundant sub-packet.

The base station may then transmit a new data packet to the same remote



O herwi se, the renpote station transmts a negative acknow edgnment (NAK)
signal to the base station. If the base station could denodul ate and
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SUMMARY

[1014] Embodiments disclosed herein address the above-stated needs by
providing a method and system for preventing unnecessary sub-packet
transmission while not missing new data packets. In one aspect, a method and
system for receiving data packets on an automatic repeat request (ARQ)
channel is provided. The method includes the steps of receiving a current sub-
packet, having a current code, and sending an acknowledgement signal if a
current packet corresponding to the current sub-packet has been successfully
decoded, and the current code is equivalent to a code for the previous sub-
packet.

[1015] In another aspect, the method includes the steps of receiving a
current sub-packet, having a current code, and sending an acknowledgement
signal if a predetermined limit for sub-packet transmissions for the current
packet has reached, and the current code is equivalent to a code for the
previous sub-packet.

[1016] In another aspect, the method includes the steps of receiving a

current sub-packet, having a current code, and sending an acknowledgement



current sub-packet, having a current code, and sending an acknow edgenent
signal if a predetermned |limt for sub-packet transm ssions for the
current weokes2shas reached, and the current code is equi waramsp2/s7@a code
for the previous sub-packet. [1016] In another aspect, the nmethod incl udes
the steps of receiving a current sub-pécket, having a current code, and
sendi ng an acknow edgenent WO 03/ 032564 PCT/ US02/31778 6 signal if the
current code is not equivalent to a code for a previous sub-packet, but

the current, packet correspondin 0o the current sub-packet may.b
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predetermined limit for sub-packet transmissions for the current packet has
reached.

[1019]  Still in another aspect, a method and system for sending data packets
on an ARQ channel is provided. The method includes the steps of sending a '
first sub-packet, having a first code, and sending a second sub-packet, having a
second code, such that the first code is equivalent to the second code if they

are for same packet.
BRIEF DESCRIPTION OF THE DRAWINGS

[1020] FIG. 1 is a block diagram of an exemplary voice and data
communication system;

[1021] FIG. 2 is a block diagram of an exemplary embodiment for the remote
station and the base station operating in FIG. 1;

[1022] FIG. 3 shows exemplary sets of sub-packets transmitted by the base
station;

[1023] FIG. 4 is a flow chart for assigniﬁg color to data sub-packets
transmitted by the base station; and

[1024] FIG. 5 is a flow chart of an exemplary process for receiving data sub-

packets; and



[1022] FIG 3 shows exenplary sets of sub-packets transmtted by the base
station; [1023] FIG 4 is a flow chart for assigning color to data

sub- packewe 03082nsni tted by the base station; and [1024] PC®&USB23w7@ fl ow
chart of an exenplary process for receiving data sub- packets; and WO

03/ 032564 PCT/ US02/ 31778 7 DETAI LED DEBCRI PTION [1025] FIG 1 is a diagram
of a wireless comuni cati on system 100 that supports a nunber of users and
i s capabl e of inplenmenting various aspects of the invention. System 100
provi des conmmuni cation for a nunber of cells, with each cell being
serviced by correspondi ng base stations 104A and 104B. The base stations

are also commonly referred tp ’;}“?E” ﬁ%ﬂ@ﬁ IPFIONY/Stems  (BTSs). Various

renote stations 106 are di spers rou he system Each renote
station 106 nay communi cate with one or nore base stations 104 on the
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station 10&%@&%'%?@5"%@ BY cerrgsRoRding hase staliens 1 neh 404
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control | er (BBS§). Mitiousupmstet stadtians 1G4 are (n‘maéad dhrbuginput dine I‘aa/lstemupl e
?rgyabﬁ“il;h%aq@” ST1036 81581 13 TS En P ey Maih PR SRS Wown i n
s typi cal Eﬂ?hF‘%%a’édﬁa@%@h?’*@%ﬁ‘%'P%”""‘“‘%%S%‘“?é"?td"*ﬁ”ﬁf"“#?’%ﬂﬁ“
not shown whefthes o noBSh)en@mmeowtatj@s is candivei ivdrethad OGSdmtrlbIlelbrSthe
base stati Pand RUle'ﬁd ?w'atrd I|n re ers {o t}aneé'mlssmn from base station 104 to
remote station 106, and the reverse link refers to transmission from remote
station 106 to base station 104. As shown in FIG. 1, base station 104A
communicates with remote stations 106A, 106B, 106C, and 106D, and base
station 104B communicates with remote stations 106D, 106E, and 106F.
Remote station 106D is in soft handoff and concurrently communicates with
base stations 104A and 104B.
[1026] In system 100, a base station controller (BSC) 102 couples to base
stations 104 and may further couple to a public switched telephone network
(PSTN). The coupling to the PSTN may be achieved via a mobile switching
center (MSC), which is not shown in FIG. 1 for simplicity. A BSC may also
couple into a packet network, which is typically achieved via a packet data
serving node (PDSN) that is also not shown in FIG. 1. BSC 102 provides
coordination and control for the base stations coupled to it. BSC 102 further
controls the routing of telephone calls among remote stations 106, and between
remote stations 106 and users coupled to the PSTN (e.g., conventional
telephones) and to the packet network, via base stations 104.
[1027] System 100 may be designed to support one or more CDMA wireless
standards. Such standards may include the CDMA standards such as (1) the
"TIA/JEIA-95-B Remote station-Base Station Compatibility Standard for Dual-

Mode Wideband Spread Spectrum Cellular System” (the 1S-95 standard); (2)



controls the routing of tel ephone calls anbng renote stations 106, and
between renote stations 106 and users coupled to the PSTN (e.qg.,
convent i owelo3/ossbephones) and to the packet network, via pasassyatrons 104.
[ 1027] System 100 may be designed to support one or nore CDVA wi rel ess
standards. Such standards may include tHe CDMA standards such as (1) the
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are descri bl@cﬁerﬁﬁ%urt her detail bel ow
[1028] FIG. 2 is a simplified block diagram of an embodiment of base

station 204 and remote station 206, which are capable of implementing various
aspects of the invention. For a particular communication, voice data, packet
data, and/or messages may be exchanged between base station 204 and
remote station 206, via an air interface 208. Various types of messages may be
transmitted, such as messages used to establish a communication session
between the base station and remote station and messages used to control a
data transmission (e.g., power control, data rate information, acknowledgment,
and so on). Some of these message types are described in further detail below.
For the reverse link, at remote station 206, voice and/or packet data (e.g., from
a data source 210) and messages (e.g., from a controller 230) are provided to
a transmit (TX) data processor 212, which formats and encodes the data and
messages with one or more coding schemes to generate coded data. Each
coding scheme may include any combination of cyclic redundancy check
(CRC), convolutional, turbo, block, and other coding, or no coding at all. The
voice data, packet data, and messages may be coded using different schemes,
and different types of messages may be coded differently.

[1029] The coded data is then provided to a modulator (MOD) 214 and
further processed (e.g., covered, spread with short PN sequences, and



For the reverse link, at renote station 206, voice and/or packet data
(e.g., from a data source 210) and nessages (e.g., froma controller 230)
are proviwed3nsesea transmt (TX) data processor 212, whi cirCrarsomsy7éand
encodes the data and nessages with one or nore coding schenes to generate
coded data. Each coding schene may incl®ude any conbination of cyclic
redundancy check (CRC), convolutional, turbo, block, and other coding, or
no coding at all. The voice data, packet data, and nessages nmay be coded
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a dupl exer 218 and transmtted via an antenna 220 to base station 204.
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processor 258 are conplenentary to that perforned at renote statlon 206.
Derodul at ormszaecesaﬁatwrml\éedpﬂ@eébgael gererates qambined syshnier 4 eeraive

process muligh@l fata processor 258 then decodes the symbols to recover the data and
messages transmitted on the reverse link. The recovered voice/packet data is
provided to a data sink 260 and the recovered messages may be provided to a
controller 270. The processing by demodulator 256 and RX data processor 258
are complémentary to that performed at remote station 206. Demodulator 256
and RX data processor 258 may further be operated to process multiple
transmissions received via multiple channels, e.g., a reverse fundamental
channel (R-FCH) and a reverse supplemental channel (R-SCH). Also,
transmissions may be simultaneously from multiple remote stations, each of
which may be transmitting on a reverse fundamental channel, a reverse
supplemental channel, or both.
[1031] On the forward link, at base station 204, voice and/or packet data
(e.g., from a data source 262) and messages (e.g., from controller 270) are
processed (e.g., formatted and encoded) by a transmit (TX) data processor 264,
further processed (e.g., covered and spread) by a modulator (MOD) 266, and
conditioned (e.g., converted to analog signals, amplified, filtered, and
quadrature modulated) by a transmitter unit (TMTR) 268 to generaté a forward
link signal. The forward link signal is routed through duplexer 252 and
transmitted via antenna 250 to remote station 206.



transm ssions received via nultiple channels, e.g., a reverse fundanental
channel (R-FCH) and a reverse supplenental channel (R SCH). Also,

t ransm sswong/osesy4 be si mul t aneously fromnultiple renote ®catisonsi7’7each of
which may be transmtting on a reverse fundanental channel, a reverse

suppl enmental channel, or both. [1031] @® the forward |link, at base station
204, voice and/or packet data (e.g., froma data source 262) and nessages
(e.g., fromcontroller 270) are processed (e.g., formatted and encoded) by

Cor cad) byl 1B5Rbdu ot A oy aon 206 “Tn i Sl 8 rerReE, B,

anal og si gé}?tbﬁnam 'réutéé thlfddghedlﬂﬂexe?@m %@Vlﬂe@ 04l v iR urity22p.

transmtter unit (T generate a forward 1link signal. The forward
link si gnaRecenveounwzemmormtﬂ @x slowrsconuedts, filtars mnipliiesy nuadiaiwana 250

to renote st t n 206, 03/032564 PCT/ U 0 r te
station 20'%1 ee omﬂ ‘g}ﬂlttzﬁﬁ ih r&Fe\"gd g@éaglagtcﬁyr&\gﬂé ns:%\l.gé% ﬁggt ed
through dugl@ppis arbero@eés@d Qe\!'gded'eémeédé@C@eowl’eredll and ot détmodulatsd)uni t
222 conditions , down converts, filters, anplifies, quadrature

rmdu: at es, byna ée@pﬂum@) 2PHe to derevided symbels, and Hﬁ)\ﬁya&o%aﬁ‘fﬁl ddrtherhe ]
by & 32£5§t°§?§$g§§§$('888§%%?0g§§‘ s Rieou d678 RLBfie B BrodtsedPPRg o7t o0

processed fgofrer th@d@l@e&hcambs@bgeﬁadhshméd ondled V@wiad dinRr d'mesmovérkﬁl to
recover the data and nmessages transmitted on the forr\gard i nk. The
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packets ca rying Ic are divided into sub-packets, which occupy
"slots" of [wmandmmmerexehmtvaCDm sy$temsstpaaketsec&méeg olatey fraffigeare
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used herein. Such use is not intended to limit the implementation of the
invention to HDR systems. Embodiments can be implemented in other CDMA
systems, such as, e.g. cdma2000, without affecting the scope of the
embodiments described herein.

[1034] In an HDR system, slot sizes have been designated as 1.66 ms, but it
should be understood that slot sizes might vary in the embodiments described
herein without affecting the scope of the embodiments. For example, the slot
size in cdma2000 systems is 1.25 ms in duration. In addition, data traffic can be
transmitted in message frames, which can be 5 ms, 10 ms, 20 ms, 40 ms or 80
ms in duration in 1S-95 systems. The terms “slots” and “frames” are terms used
with respect to different data channels within the same or between different
CDMA systems. A CDMA system comprises a multitude of channels on the
forward and reverse links, wherein some channels are structured differently
from others. Hence, the terminology to describe some channels will differ in
accordance with the channels. For illustrative purposes only, the term “slots”
will be used hereafter to describe the packaging of signals propagated over the
air.

[1035] Redundant representations of the data payload, or sub-packets, may
be packed into time frames or slots, or sub-packets, which may then be soft-
combined at the receiver. [v1jRedundant representations may be generated



[ 1034] In an HDR system slot sizes have been designated as 1.66 ns, but it
shoul d be understood that slot sizes mght vary in the enbodi nents

descri bedwolanadsss wi t hout affecting the scope of the enbodCrarsty317For
exanple, the slot size in cdnma2000 systens is 1.25 nms in duration. In
addition, data traffic can be transmtted in nessage franmes, which can be
5nms, 10 ns, 20 ns, 40 ns or 80 ns in duration in IS 95 systens. The terns
"slots" and "franes" are ternms used wth respect to different data
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[1037] For example, if a scheduler unit within a base station receives a data
packet for transmission to a remote station, the data payload is redundantly
packed into a plurality of sub-packets, which are sequentially transmitied to a
remote station. When transmitting the sub-packets, the scheduler unit may
decide to transmit the sub-packets either periodically or in a channel-sensitive
manner.

[1038] The forward link from the base station to a remote station operating
within the range of the base station can comprise a plurality of channels. Some
of the channels of the forward link can include, but are not limited to a pilot
channel, synchronization channel, paging channel, quick paging channel,
broadcast channel, power control channel, assignment channel, control
channel, dedicated control channel, medium access control (MAC) channel,
fundamental channel, supplemental channel, supplemental code channel, and
packet data channel. The reverse link from a remote station to a base station
also comprises a plurality of channels. Each channel catries different types of
information to the target destination. Typically, voice traffic is carried on
fundamental channels, and data traffic is carried on supplemental channels or

packet data channels. Supplemental channels are usually dedicated channels,



station requires additional transm ssion power to transmt the sub-packet.
[ 1037] For exanple, if a scheduler unit within a base station receives a
data pacweto3fosset ransm ssion to a renote station, the daPaTasyy/sad i s
redundantly packed into a plurality of sub-packets, which are sequentially
transmtted to a renote station. Wien 12ansmtting the sub-packets, the
scheduler unit may decide to transmt the sub-packets either periodically
or in a channel -sensitive nanner. [1038] The forward link fromthe base
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multi-slot transmission.

[1040] In an HDR system, the rates at which the sub-packets are to be
transmitted from a base station to a remote station are determined by a rate
control algorithm performed by the remote station and a scheduling algorithm at
the base station. This method to modify the data transmission rate is referred to
as an automatic repeat request (ARQ) procedure. It should be noted that the
system throughput is determined by the rate at which data payload is actually
received, which may differ from the bit rate of the transmitted sub-packets. It
should also be noted that the invention is not limited to the above
implementation. For example, both a rate control algorithm and a scheduling
algorithm may be performed at a base station with a channel state feedback
from remote stations, without affecting the scope of the embodiments described
herein.

[1041] The rate control algorithm is implemented by the remote station in
order to determine which base station in the active set can provide the best
throughput and to determine the maximum data rate at which the remote station
can receive packets with sufficient reliability. The active set is the set of base

stations that are currently in communication with the remote station. In a typical



received. As described above, the data payload that is carried in each sl ot
may undergo various encodi ng steps wherein the encoded bits are re-ordered
into a cwanes2ssol erant format. Hence, in order to acconplCirarsozianras
recovery, the decoder of the renpte station nust decode the contents of
each slot of the nulti-slot transm ssith. [1040] In an HDR system the
rates at which the sub-packets are to be transmtted froma base station
to a renote station are determned by a rate control algorithm perforned
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[1042] The scheduling algorithm is implemented at the base station to
determine which remote station will be the recipient of the next packet. The
scheduling algorithm takes into account the need to maximize base station
throughput, the need to maintain fairness between all remote stations operating
within the range of the base station, and the need to accommodate the data
transmission rates requested by various remote stations. As discussed below,
the fast ARQ procedure determines the actual data transmission rate at which
each data packet is received, as opposed to the data transmission rate initially
determined by the rate control algorithm.
[1043] A scheduling unit in the base station monitors the arrival of DRCs
from all remote stations that are operating within its range, and uses the DRC
information in the scheduling algorithm to determine which remote station will be
the next data packet recipient, in accordance with an optimal forward link
throughput level. It should be noted that an optimal forward link throughput
takes into consideration the maintenance of acceptable link performances for all

remote stations operating within the range of the base station. The scheduling



period of the near future, and estimates the best data rate at which the
renote station can receive the next data packet fromthis base station.
The renotwo 080356on then transnmts a data rate control nePEAISIYERG)
carrying this data rate information to the base station. The best data
rate information carried by the DRC ndyl be the data rate at which the
renote station requests the next data packet to be transmtted. In an HDR
system the DRC rressages are transnmitted on a medium access control (MAC)
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transm ssi
SNIR of the forward link traffic signal may be very different from the SNIR of the

pilot signal due to interference from adjacent base stations. It is possible that
some of the neighboring base stations may have been idle during the sampling
period for the SNIR prediction calculations. As a result, the remote station may
not always predict the SNIR with great accuracy. Therefore, the rate control
algorithm provides a lower bound estimate for the actual SNIR during the next
packet duration with high probability, and determines the maximum data
transmission rate that can be sustained if the actual SNIR is equal to this lower
bound estimate. In other words, the rate control algorithm provides a
conservative measure of the data transmission rate at which the next packet
can be received. The ARQ procedure refines this estimate, based on the
quality of the data received during the initial stages of the packet transmission.
Hence, it is important for the remote station to inform the base station as soon
as the remote station has enough information to decode a data packet, so that
early termination of redundant transmissions can occur, which enhances the
data transmission rate of the data packet. 4

[1046] Transmissions of the sub-packets to the remote station may be in a

staggered pattern so that transmission gaps occur between the sub-packets. In



packets, thereby increasing the effective data transm ssion rate of the
system [1045] It should be noted that the ARQ procedure has the potenti al
to signiwomansisgs i ncrease the forward |ink throughput of pPCrasSomsiers yi ng

wi rel ess comunication system As discussed above, when the renpte station
transmts a DRC nessage to the base stition, the requested data

transm ssion rate is determned using the rate control algorithm which
uses past SNIR values to predict the SNIR val ue of the near future.
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of the Protocol (TCP).
[1047] Since the ARQ procedure allows a fast rate adaptation to channel
conditions, the ARQ procedure allows for the implementation of a system
wherein the initial data transmission may be performed at a high data rate and
ramped down as needed. In contrast, a system without ARQ would be forced
to operate at a lower data rate, in order to provide a sufficient link budget margin
to account for channel variations during packet transmissions.
[1048] In one embodiment, base stations may represent a sub-packet by a
pair of indices. For example, “Aij” represents the “jth” sub-packet of the packet
“ that is transmitted to a user “A.” The packet ‘i” may belong to the ARQ
channel, which is labeled with the ARQ channel ID (ACID) “.” The sub-packet
representation “Aij” may be reused for new packets after the current packet
assigned thereto is successfully received and decoded.
[1049] In one embodiment, the sub-packets are transmitted sequentially
following the order of ARQ channel IDs, e.g., 0, 1, 2, . . ., N, where the number
of ACIDs, e.g., N+1, is known to both the base station and the remote station.

In one embodiment, the role of base station and mobile station can be reversed.



sanme packet. If the renote station is able to decode the sub-packet and to
verify the CRC bits of the decoded result before the arrival of the next
sub- packwD,0308564 enot e station may transmt an acknow ed@ceniSoysygmal ,
hereinafter referred to as a FAST ACK signal, to the base station. If the
base station can denodul ate and interp6et the FAST_ACK signal sufficiently
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decoded, which was also transmitted on ACID of 0. This results in waste of air-
interface resources.

[1052] In case 2, the mobile station received and successfully decoded sub-
packet AO1, which had been also transmitted on ACID of 0. Consequently, the
mobile station sent an ACK signal. Therefore, the base station sent a new sub-
packet, AO1, for a new packet, which was also transmitted on ACID of 0. It
should be noted that the second A01 was sent on ACID of 0 because ACIDs 1,
2, and 3 had been used while the base station was waiting to receive the ACK
or NAK from the mobile station. However, since the latter sub-packet never
reached the remote station, due to some etrror, e.g., accidental erasure of MAC-
ID, the base station considered an NAK had been received by default and
transmitted another sub-packet, A02, of the same packet, which is also
transmitted on ACID of 0. The remote station may erroneously consider sub-
packet AO2 as belonging to the previously decoded packet, and thus, not to
decode it. Therefore, the remote station will miss the new data packet.

[1053] The Hybrid ARQ (HARQ) sublayer at the remote station cannot
distinguish between the two cases discussed above. [f the remote station

assumes that Case 2 has occurred, when Case 1 has occurred in reality, then



be the base station. [1050] Base stations may transmt the data packets in
a predeterm ned sequence. However, the packets that are received and
successf uwby3dsxsetdled at a target renpte station nay not PETIUSIYBE7Sane
sequence. This is because sone earlier transmtted packets nay be
correctly received after sone later trn&@nsmtted ones, as will be described
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decode it. erefore, The renote station wll mss the new data packet.
[ 1053] ThethalbewcpaARQI(HARQ) subl ayer at the renpte station cannot
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redundant sub-packet of a current data packet and a new packet of a new data
packet such that the remote stations may distinguish between the two cases
shown in FIG. 3.

[1055] FIG. 4 shows an exemplary process for distinguishing between a
redundant sub-packet of a current data packet and new packet of a new data
packet by assigning different codes, e.g., binary codes, to the two sub-packets.
When the base station is going to send a new sub-packet of a new packet on
the same ACID, as determined in step 404, the base station sends the new sub-
packet with a different code with respect to the code of the sub-packets of the
previous packet, in step 406. Otherwise, the base station sends 408, the new
sub-packet with the same code, indicating that the sub-packet is for the same
packet. Consequently, the remote station can distinguish a new packet from a
previous packet.

[1056] FIG. 5 shows an exemplary process for distinguishing between a
sub-packet of a current data packet and a new sub-packet of a new data
packet. When the remote station receives 502 a sub-packet, it makes 504 two
determinations. The first is whether the current sub-packet has the same code
as the most recent sub-packet on the same ACID. The second determination



WO 03/ 032564 PCT/ US02/ 31778 17 the renpote station attenpts to decode the
AO02 sub-packet by itself. If the M5 could not decode AO02 sub-packet
successf uwbyg/osdsen it will send an NAK signal, and the base/tspzasi7on wl |
continue sendi ng nore sub-packet corresponding to a packet that the M5 has
al ready successfully decoded. This resul@s in a waste of air-interface
resources and can al so cause the HARQ sub-layer to hold off, i.e., not
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different codes, e.g., binary codes, to the two sub-packets. W the b
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sub- packet [0058] nelivtdatremote station gould not succesgerJI;/a rclnlecogteathgaé:atgtpa%rl](gt a new
from the current sub-packet, the remote station determines 512 whether a
predetermined limit for transmission of the current sub-packet has reached. If
yes, the remote station sends 514 an NAK signal. The remote station then
stores the current-sub-packet's code as well as an indication that the
predetermined limit for transmission of the current sub-packet has reached.
[1059] If the remote station determines that it has not successfully decoded
the packet for the current sub-packet and the predetermined maximum number
for transmission of the current sub-packet has not been reached, the remote
station sends 516 an NAK signal, asking for more sub-packets for the same
packet.
[1060] For example, the base station sends a new sub-packet A21 with code
of 0 on ACID of 2. However, the remote station either does not receive A21 or
cannot successfully decode the corresponding packet. Therefore, the remote
station sends an NAK signal, and the base station sends sub-packet A22 with
the same code of 0 on the same ACID of 2. However, the remote station fails
again to either receive A22 or successfully decode the corresponding packet.
Therefore, the remote station sends another NAK signal, and the base station
sends sub-packet A23 with the same code of 0 on the same ACID of 2, which is

eventually received and successfully decoded.



packet. When the renote station receives 502 a sub-packet, it nakes 504 two
determ nations. The first is whether the current sub-packet has the sane
code as wbesneests recent sub- packet on the sane ACI D. ThePpseamsnz31778
determ nati on WO 03/ 032564 PCT/US02/ 31778 18 is whether the packet
corresponding to the current sub-packeti9has been received and successfully
decoded, or whether a predetermned Ilimt for transm ssion of the current
sub- packet hasWEeeR reached. [1057] If the result of the two deterninations
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Therefore, the renote
con rol[ers are parts of a network called an access network. An access network

transports data packets between multiple access terminals. The access
network may be further connected to additional networks outside the access
network, such as a corporate intranet or the Internet, and may transport data
packets between each access terminal and such outside networks. An access
terminal that has established an active traffic channel connection with one or
more modem pool transceivers is called an active access terminal, and is said
to be in a traffic state. An access terminal that is in the process of establishing
an active traffic channel connection with one or more modem pool transceivers
is said to be in a connection setup state. An access terminal may be any data
device that communicates through a wireless channel or through a wired
channel, for example using fiber optic or coaxial cables. An access terminal
may further be any of a number of types of devices including, but not limited to,
PC card, compact flash, external or internal modem, or wireless or wireline
phone. The communication link through which the access terminal sends
signals to the modem pool transceiver is called a reverse link. The
communication link through which a modem pool transceiver sends signals to

an access terminal is called a forward link .



station sends an NAK signal, and the base station sends sub-packet A22 with
the sane code of 0 on the sane ACID of 2. However, the renote station fails
agai n t o wptobes2ssecei ve A22 or successfully decode the coPcegsonsing
packet. Therefore, the renpte station sends another NAK signal, and the
base station sends sub-packet A23 w t 2@ he sane code of 0 on the same ACI D
of 2, which is eventually received and successfully decoded. WO 03/032564
PCT/ US02/ 31778 19 [1061] It should be noticed that after the renote
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transcei ver, éI\/FTs) An access termnal transmts and receives data

packet s thtﬂb%r one or nore nodem pool transceivers to an HDR base station

control | er [1068]er r'Eiode ohasidli ih ths &t rmelseh fuebler cappreciblee thatMAE) vammhem
pool transceivers and nodem pool controllers are arts of a net call ed
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pool ”anscc%ws&g ; ntsS &aéﬁse%aamagtw&.eccaﬁasStbgé rﬁeﬂz@' bedNdeb&riiari dbove be
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and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

[1066] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with an DSP core, or any other such

configuration.
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Those of skill in the art would further appreciate that the various
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processor, \/%ri%hgin%g&ifigé nnasI td tir?ecseesg%rbo(jﬁg)\ts will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

[1069] WHAT IS CLAIMED IS:



an application specific integrated circuit (ASIC), a field programrmabl e
gate array (FPGA) or other programmabl e | ogic device, discrete gate or
transi st owoloegsxse4 di screte hardware conponents, or any cecpiusar/som t her eof
designed to perform the functions described herein. A general-purpose
processor may be a mcroprocessor, but2dn the alternative, the processor
may be any conventional processor, controller, mcrocontroller, or state
machi ne. A processor may also be inplenmented as a conbi nation of conputing
devices, e.g., a conbination of a Déma a mcroprocessor, a plurality of
m Ccroprocessors, one or nore mcrop s in conjunction with an DSP
core, or any other such configuration. WO 03/032564 PCT/ US02/ 31778 21

[ 1067] The steps of a nethod or al gorithm described in connection with the

enbodi nent §, di spl prffod gbeiracdiibg bdatanpasketsl oh bachitomatichrspbsrrrequest a
sof tware nodul e executed by a processor, or in a conbination of the two. A
sof t war® wb%ﬁ@échapnelemaj@ethvcgywmﬂgy, flash menory, ROM nenory, EPROM

any ot her 1 or m Broeaiigy A, EtETEn-BRECs e pufiehf PR RRCEoChiing B oFRALIL

medi um4 s eod &l to the processor such that the processor can read
information from and wite information tqg, the storage nedium In the
alternative, theerdipgayeacie@vliedanyensigndldgral to the processor. The

processor and the st #ﬁb i [} bﬁ%— =AY
resi desf?on a user ter(r)né%g'ﬁr.eiﬁﬁip epg}}s{%rgﬁgﬁ@\r}g?tot weé?rugrgggrs%lr an%et heS
storage nedi unbsen sueseskfuldsdetiosledetirdconponents in a user termnal.

1068] Th i i pt f the disclosed di ments i j ded t
cnabl & Gy por Son <k K19 GUTPH G35 A0S SN AqodsCir ARSRPLS SHB-HARBE: | on.

Various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
appl i ed to2. ot hér meathbodiforreseivinghdata gagkatisi oy ar antannatios pepeat wauesbpe of

o the SmbyarR ahe Reh SRR ROBRISRY 1 o "be accor ded t he wi dest scope
consi stent W thédgving'd @oirBhesulspackery ehe fcapfent eabgiaskboRgvnyer eunent
4 code; and
sending an acknowledgement signal if:
6 a predetermined limit for sub-packet transmission for the current
data packet has reached; and
8 the current code is equivalent to a code for a previous sub-packet.

3. A method for receiving data packets on an automatic repeat request
2  (ARQ) channel, the method comprising:
receiving a current sub-packet, the current sub-packet having a current
4 code; and
sending an acknowledgement signal if:

6 the current code is not equivalent to a code for a previous sub-
packet; and
8 a current data packet corresponding to the current sub-packet

may be completely decoded from the current sub-packet.
4, The method of claim 3 further including storing the current code.

5. The method of claim 3 further including:



[ 1069] WHAT IS CLAIMED |I'S: WO 03/ 032564 PCT/ US02/ 31778 22 CLAIMS 1. A

nmet hod for receiving data packets on an automatic repeat request 2 (ARQ
channel , wbe3snexshod conpri sing: receiving a current sub-p&Chaisp2/st1es current
sub- packet having a current 4 code; and sendi ng an acknow edgenent si gnal
if: 6 a current packet corresponding t®3he current sub-packet has been
successfully decoded; and 8 the current code is equivalent to a code for a
previ ous sub-packet. 2. A nethod for receiving data packets on an
automatjc repeat, request .2 (A hannel , the nethod conpri.sing; receiving
a curreft sub- pSEN an H@'%‘%Pﬁttg‘ﬁl?—“ﬁ'?@ﬁgﬁp%ﬁg%%Cgrrgﬁﬁ&éﬂ?gt Mede; and
sendi ng anca%npgwgae@%s%momﬁlaeﬁyaeebe@dzterm ned limt for

sub- packet transm ssion for the current” data packet has reached; and 8 the
current code is equivalent to a code for a previous sub-packet. 3. A

met hod for receiving data packets qn _an_automatic r 1 est RQ
channel , t Re mﬁ@@Bﬁﬂ?’r g?ﬁ?jylnpea%ﬁavpﬂé(eigc?ﬂ P@n?ﬁgou?ﬁétbcai%gﬁai Wéeé rrent
sub- pacget (RRG)%aﬁnéH"[ﬁ@methéd 66MprisiAgd sendi ng an acknow edgenent si gnal
if: 6 the current code is not equivalent to a code for a Brevi ous sub-

packet; and 8 arecgivisgta ¢urenpadipeackels the sorenhgubwacket bayipgr cyiBbhacket
may be Eorrpl ﬁtgelx%decoded fromthe current sub-packet. 4. The nethod of
L ar

cl ai m 37f urfP cluding storing the current code. 5. The nmethod of claim
3 further incl ugeRding¥negatba2addholdddérentssignd if:
6 the current code is not equivalent to a code for a previous sub-
packet; and
8 a predetermined limit for sub-packet transmission for the current

data packet has reached.

7. The method of claim 4 further including storing the current code.

8. The method of claim 4 further including:
2 storing an indication that the predetermined limit for sub-packet

transmission for the current data packet has reached.

9. A method for receiving data packets on an automatic repeat request
2 (ARQ) channel, the method comprising:
receiving a current sub-packet, the current sub-packet having a current
4  code; and
sending a negative acknowledgement signal if:
6 a current data packet corresponding to the current sub-packet
may not be completely decoded from the current sub-packet; and
8 a predetermined limit for sub-packet transmissions for the current

data packet has reached.

10. The method of claim 9 further including:
2 storing an indication that the current data packet corresponding to the

current sub-packet has not been decoded; and



23 2 storing an indication that the current data packet corresponding to
the current sub-packet has been conpletely decoded. 6. A nethod for

recei vi ngvoasas3ysecket s on an automatic repeat request 2 PAR@SovhEMel , the
nmet hod conprising: receiving a current sub-packet, the current sub-packet
having a current 4 code; and sendi ng &@4egati ve acknow edgenent signal if:
6 the current code is not equivalent to a code for a previous sub- packet;
and 8 a predetermned limt for sub-packet transm ssion for the current
dat a packet has reached hod of cIa udrng storing

th
the curfent codé&toring aﬁ'm'%pﬁghattﬁ‘ecﬂrﬁ eﬁe&nf 'HBttlfl‘%;r ethﬂ? * 2 storing an
I ndi cati onyg germéérsn rﬁtﬁﬁtcﬂFr@hf‘GQta(Pd&Etﬁé’é réddpopacket  transmission for

t he current at a pac as reache 9. A nethod for receiving data packets
on an automatic repeat request 2 (ARQ) channel, the nethod conpri sing:

receiving cur r,ent - acket pSury en sub- Vi

code; and 3énd| A’gr% tﬁ8§ v%e%% a[tfé’l%siﬁ Ry 8 af"‘uﬁm&% égg?fﬁrge#u ggt a
packet gorrgﬁgﬁwaﬂget ¢hé Rrotised b@rﬂpr@ﬁ@ packet may not be conpletely
decoded fromthe current sub-packe and predetermned Iimt for

sub- packet transahdmgcmfarsﬁ@ubmkemheahtst submcbetclk@\ﬂngalsflrsta@rtdee@ndlo The

thod of cl 9 furth
cur ront Sdat o packaroor ool P er B bRt R BReR g b h A el ot e
decoded; anrdd¥O 03/032564 PCT/US02/31778 24 4 storing an indication that

t he pr edetermned |imt for sub- packet . transmi ssion for the current data
packet Bas reactssigh that the first code is equivalent to the second code if they are for

same data packet.

12. The method of claim 11, wherein the first code and the second code are

2 binary codes.

13. A computer readable media embodying a method for receiving data
2  packets on an automatic repeat request (ARQ) channel, the method comprising:
receiving a current sub-packet, the current sub-packet having a current
4 code; and
sending an acknowledgement signal if:
6 a current data packet corresponding to the current sub-packet
has been successfully decoded; and

8 the current code is equivalent to a code for a previous sub-packet.

14.  An apparatus for receiving data packets on an automatic repeat request
2 (ARQ) channel, comprising:
means for receiving a current sub-packet, the current sub-packet having
4  acurrent code; and
means for sending an acknowledgement signal if:
6 a current data packet corresponding to the current sub-packet
has been successfully decoded; and

8 the current code is equivalent to a code for a previous sub-packet.

15.  An apparatus for receiving data packets, comprising:



11. A method for sending data packets on an automatic repeat request 2
(ARQ channel, the nethod conprising: sending a first sub-packet, the first
sub- packewolaws2sgt a first code; and 4 sending a second sulpcpaskes1778 he
second sub-packet having a second code, 6 such that the first code is

equi valent to the second code if they &% for sane data packet. 12. The
met hod of claim11l, wherein the first code and the second code are 2

bi nary codes. 13. A conputer readabl e nedia enbodying a nethod for
receiving data 2 gackets. on an automatic repeat request (ARQ channel, the
met hod Zonpri si AdN WHPUH{&?a current sub-packet, the current sub-packet

having a current ¢ itﬁP@Pgnaﬁngc%%gﬂgnQDSP) PRNESMAsLRsERVENS bamslbdi o tHe a

current data packet corresponding to the current sub-packet 'has been
success4 ul hyerdegoghdt] thaBBunihbeing capableotie i s equivalent to a code for a

previ ous sub-packet. 14.. An apparatus for regeiyi dat.a : n
automatic repeat reqtigsgVing ?&I&%)eniﬁéﬂﬁf'@qkego r%'{?%&: %8%&%%&'@@§?vi ng
a curregt sub- pagkeht cbd® andr r ent sub- packet having 4 a current code; and
means for sending an acknow edgenent signal if: 6 a current data packet

correspondi ng to t he seodingman sckngydedgementsignakfi successful |y decoded; and

8 the cyrrent code is equivalent, t f L ausasuh- _ 15,
An apparatus for receivi n& 88&8%9%@"?%@0ﬁ%frﬁgPﬁ‘é‘fﬂHQ\gBog‘/%ogﬂﬁgﬂ#%b

PCT/ US02/ 31778 25 2aakEENE Mestnbliccewatllly dbogided| asd gnal - processi ng ( DSP)
unit conmuni catively coupled to the 4 nenory unit, the DSP unit bei

. ) g
capabl 80of : receiving a cuihe sHtreslisodRiseyuivalpat 1q,pcode folB-RFaWRES SHQV/i ng a
packet.

16. A computer readable media embodying a method for sending data
2 packets on an automatic repeat request (ARQ) channel, the method comprising:
sending a first sub-packet, the first sub-packet having a first code; and
4 sending a second sub-packet, the second sub-packet having a second
code,
6 such that the first code is equivalent to the second code if they are for

same data packet.

17.  An apparatus for sending data packets on an automatic repeat request
2 (ARQ) channel, comprising:
sending a first sub-packet, the first sub-packet having a first code; and
4 sending a second sub-packet, the second sub-packet having a second
code,
6 such that the first code is equivalent to the second code if they are for

same data packet.

18.  An apparatus for receiving data packets, comprising:
2 a memory unit; and
a digital signal-processing (DSP) unit communicatively coupled to the
4 memory unit, the DSP unit being capable of:
sending a first sub-packet, the first sub-packet having a first code;
6 and



6 current code; and sending an acknow edgenent signal if: 8 a current data
packet corresponding to the current sub- packet has been successfully
decoded; wod3a8esthe current code is equivalent to a code PET/BOPSBEVS OUS
sub- packet. 16. A conputer readabl e nedia enbodying a nmethod for sending
data 2 packets on an autonatic repeat 2é&quest (ARQ channel, the nethod
conprising: sending a first sub-packet, the first sub-packet having a
first code; and 4 sending a second sub- packet t he second sub-packet having

d de, 6 h that the f t t.to d d
't They are fof sameHANE Paeand Sb-PRRRel 188 MAROHorUR BAGK TG NG & O

packet sgon an aqu icegeepeat request 2 (ARQ channel, conprising:
sendlng a first gﬁaacke the first sub-packet having a first code; and 4

sendi ng a second sub-qmabltbattherfwsm'id esuivatenikethe second sode fdhay atvde, 6
such t @t t he flrst codg,is qulvalent to the second code if they are for
sane ddPa packetfof $¥NCAAAPAEKSH us for receiving data packets, conprising:
2 a menory unit; and a digital signal-processing (DSP) unit conmunicatively
coupled to the 4 nenory unit, the DSP unit being capable of: sending a
first sub-packet, the first sub-packet having a first code; 6 and WO

03/ 032564 PCT/ US02/ 31778 26 sending a second sub-packet, the second

sub- packet having a 8 second code, such that the first code is equival ent
to the second code if they are 10 for sane data packet.



