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LAYER ARQ I N A W RELESS DATA COMMUNI CATI ON SYSTEM Field [1001] The present
i nvent i orwpaeBav@aso generally to the field of data comuni eatiusay1408nd nore
particularly, to wireless data comuni cations. Background [1002] In a data
communi cation system particularly a wireless data comrunication system
packets of data nmay be |ost for various reasons, including poor channel
conditions. The data conmuni cated between two end users nay pass through

RER e A Gt i e

of data in at |east one aspect is assured through a system of checking for
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communi cati on resources when flow of data fromone protocol |ayer to

anot her lgastanepspest isrgsured threugh mgsystem) wbeckingder aumopH) @@@IBécket
PCT/ US03; hé%,zand automatically requesting a retransmission of the same packet of data

(ARQ mechanism), if an error is detected in the received packet of data.
Independent ARQ mechanisms may be employed at different protocol iayers for
flowing data between corresponding end users. The data packets are
sequentially delivered from one protocol layer to another. The sequential delivery
is performed by transferring a group of data packets at a time in a series of
packets of data from one protocol layer to another. A group of data packets may
not be transferred until the process for retransmission of the erased packets of
data in the group in the lower protocol layer has been completed. The
retransmission request for retransmitting an erased packet of data may be
repeated several times or the retransmission may take several times until the
erased packet of data is received correctly at the destination. As a result, the
retransmission process at one protocol layer may slow down the flow of data
between different protocol layers in the system. In the mean time, the higher
layer protocol may prematurely request for retransmission of all the packets of
data in the group including those received successfully at the lower layer,
resulting in a very inefficient use of communication resources when flow of data
from one protocol layer to another is slow. As such, minimizing the lower layer



2 packet | osses due to erasures over the air link is inmportant as nuch as
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transmission of a physical layer packet of data. After detecting a normal
termination of transmission, the decoding thresholds are adjusted for decoding
a positive acknowledgment message, and repeating decoding of the
acknowledgment channel with the adjusted thresholds. Retransmitting the
physical layer packet of data at least one more time is based on whether the
repeat of decoding the acknowledgment channel produces a negative
acknowledgment message. The retransmission may be conditioned upon a
throughput level of communications between the base station and the mobile

station.

BRIEF DESCRIPTION OF THE DRAWINGS

[1005] The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when taken
in conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein:

[1006] FIG. 1 illustrates a communication system capable of operating in
accordance with various embodiments of the invention;

[1007] FIG. 2 illustrates the forward link channel structure in a wireless

data communication system;



[1008] FIG 3 illustrates the reverse link channel structure in a wreless

data communi cation system [1009] FIG 4 illustrates decodi ng of an
acknow edgoma@ab@annel data bit in accordance with vari oRETESOR14082 ener gy
thresholds; [1010] FIG 5 illustrates a stack of protocol |ayers for

controlling flow of data in a communication system [1011]] FIG 6
illustrates a table for selecting a maxi rum nunber of allowed transm ssion
slots for conmunication of a packet of data at a selected data rate;

[1012] FIG 7 illustrates early and normal term nqtion? of, transmitting a
packet of daflf08f FHS. Brijlusizaies|thggeverseoling chpanelsstiyqtyfe 'Pa"f‘é@'r‘gﬁss

exenpl ar | r adi | protocol |ayer packets of data; [1014] FIG 9
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packets of data;

[1014] FIG. 9 illustrates a flow diagram of various steps for determining
an extra retransmission of a physical layer packet of data in accordance with
various aspects of the invention;

[1015] FIG. 10 illustrates a flow diagram of various steps for ignoring a
radio link negative acknowledgment in accordance with various aspects of the
invention;

[1016] FIG. 11 illustrates a receiver system for receiving and decoding
various channels, and capable of operating in accordance with various aspects
of the invention;

[1017] FIG. 12 illustrates a transmitter system for transmiiting various
channels, and capable of operating in accordance with various aspecis of the
invention; and

[1018] FIG. 13 illustrates a iransceiver system for receiving and
transmitting various channels, and capable of operating in accordance with

various aspects of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[1019] Generally stated, various aspects of the invention provide for
officient use of communication resources in a communication system by
efficiently determining the need for one more transmission of a physical layer
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[1020] More specifically, various embodiments of the invention may be
incorporated in a wireless communication system operating in accordance with
the code division multiple access (CDMA) technique which has been disclosed
and described in various standards published by the Telecommunication
Industry Association (TIA) and other standards organizations. Such standards
include the TIA/EIA-95 standard, TIA/EIA-IS-2000 standard, IMT-2000
standard, UMTS and WCDMA standard, all incorporated by reference herein. A
system for communication of data is also detailed in the “TIA/EIA/IS-856
cdma2000 High Rate Packet Data Air Interface Specification,” incorporated by
reference herein. A copy of the standards may be obtained by accessing the
world wide web at the address: htip://www.3gpp2.org, or by writing to TIA,
Standards and Technology Department, 2500 Wilson Boulevard, Arlington, VA
22201, United States of America. The standard generally identified as UMTS
standard, incorporated by reference herein, may be obtained by contacting
3GPP Support Office, 650 Route des Lucioles-Sophia Antipolis, Valbonne-
France.




WO 03/ 096150 PCT/US03/14082 5 [1021] FIG 1 illustrates a general block

di agram of a communi cation system 100 capable of operating in accordance
wi th any wbD oBlgsisode di vision nmultiple access (CDVA) comPomiisad/i4mm2 syst em
standards while incorporating various enbodi nents of the invention.
Conmuni cati on system 100 may be for conmunications of data, or data and
voi ce. Cenerally, comunication systeth 100 includes a base station 101

t hat provides communi cation |inks between a nunber of nobile stations,

such as nobile stations 102-104, and between the nobjle stations.102-104
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communications over a back-haul 199 between network 105 and base stations
101 and 160. Base station 101 communicates with each mobile station that is
in its coverage area via a forward link signal transmitted from base station 101.
The forward link signals targeted for mobile stations 102-104 may be summed
to form a forward link signal 106. Each of the mobile stations 102-104 receiving
forward link signal 106 decodes the forward link signal 106 to extract the
received information. Base station 160 may also communicate with the mobile
stations that are in its coverage area via a forward link signal transmitted from
base station 160. Mobile stations 102-104 communicate with base stations 101
and 160 via corresponding reverse links. Each reverse link is maintained by a
reverse link signal, such as reverse link signals 107-109 for mobile stations 102-
104, respectively. The reverse link signals 107-109, although may be targeted
for one base station, may be received at other base stations.
[1022] Base stations 101 and 160 may be simultaneously communicating
to a common mobile station. For example, mobile station 102 may be in close
proximity of base stations 101 and 160, which can maintain communications
with both base stations 101 and 160. On the forward link, base station 101



proximty of base stations 101 and 160, which can mai ntain comuni cati ons
wi th both base stations 101 and 160. On the forward |Iink, base station 101
WO 03/ 0960BM3eewiseJS03/ 14082 6 transmits on forward |ink ®Cgresb3/108; and
base station 160 on the forward link signal 161. On the reverse link,
nobile station 102 transmts on reverse link signal 107 to be received by
bot h base stations 101 and 160. For tgansmtting a packet of data to
nobil e station 102, one of the base stations 101 and 160 nay be selected
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det er m negid b suiBMBrications than low rate of communications during the same period
of time. Moreover, when communication of a packet of data takes more than
one transmission, the effective amount of data communicated over a period of
time is reduced. Therefore, the throughput of the communication between a
mobile station and a base station may change from time to time based on the
channel condition. In accordance with one or more aspects of the invention,
efficient use of communication resources in communication system 100 may be
made by determining the need for one more retransmission of a physical layer
data packet, after being detected as a lost data packet, based on the throughput
of the communication between the base station and the mobile station.

[1023] In accordance with various aspecis of the invention, in
communiéation system 100, re-transmitting a lost packet of data at least one
more time after detecting its loss is based on whether a determined throughput
of a communication link between a source user and a destination user is above
a throughput threshold. The source user may be a base station, such as base
station 101 or 160, and the destination user may be any of the mobiie stations

102-104. After establishing a forward link communication, loss of the packet of



of a communication |link between a source user and a destination user is
above a throughput threshold. The source user may be a base station, such
as base woaBioed15A01 or 160, and the destination user nmay Pog/say1082t he
nobil e stations 102-104. After establishing a forward |ink comuni cati on,
| oss of the packet of WD 03/096150 PCT/ US03/ 14082 7 data may be detected
by the nobile station. The throughput 6f the forward |ink conmmunication
may be determined in terns of the comrunication data rate, rate of
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I ncl udes
-communications on the forward link. Forward channel structure 200 may

include a pilot channel 201, a medium access control (MAC) channel 202, a
traffic channel 203 and a control channel 204. The MAC channel 202 may
include a reverse activity channel 206 and a reverse power control channel 207.
Reverse activity channel 206 is used to indicate the activity level on the reverse
link. Reverse power control channel 207 is used to control the power at which a
mobile station can transmit on the reverse link.

[10251 FIG. 3 illustrates, in accordance with an embodiment, a reverse
channel structure 300 that may be used for the channel structure of the
communications on the reverse link. Reverse channel structure 300 includes
an access channel 350 and a traffic channel 301. Access channel 350 includes
a pilot channel 351 and a data channel 353. Traffic channel 301 includes a pilot
channel 304, a MAC channel 303, an acknowledgment (ACK) channel 340 and
a data channel 302. The MAC channel 303 includes a reverse link data rate
indicator channel 306 and a data rate control channel (DRC) 305. Reverse rate
indicator channel 306 is used for indicating the rate at which a mobile station is
currently transmitting. Data rate control (DRC) channel 305 indicates a data



a pilot channel 351 and a data channel 353. Traffic channel 301 includes a
pil ot channel 304, a MAC channel 303, an acknow edgnent (ACK) channel 340
and a dawe ohgsinel 302. The MAC channel 303 includes a ree¢arses/ld08k dat a
rate indicator channel 306 and a data rate control channel (DRC) 305.
Reverse rate indicator channel 306 is used for indicating the rate at
which a nobile station is currently t§ansmtting. Data rate control (DRC)
channel 305 indicates a data WO 03/096150 PCT/US03/14082 8 rate that a
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data at least one more time may be based on whether a determined throughput
of the communication link between the mobile station and serving base station
is above a throughput threshold.

[1026] ACK channel 340 is transmitted by a mobile station. Transmission
on ACK channel 340 may indicate either a negative acknowledgment (NAK) or
a positive acknowledgement (ACK). The mobile station may transmit a NAK
message as indicated by a single NAK bit to the serving base station until a
received physical layer data packet is successfully decoded. The physical layer
data packet may be successfully decoded before the maximum number of
allowed retransmissions. If a received packet of data is correctly decoded, the
mobile station sends an ACK message as indicated by a single ACK bit on the
ACK channel 340 to the serving base station. The ACK channel 340 may use a
binary phase shift keying (BPSK) modulation transmitting a positive modulation
symbol for a positive acknowledgment and a negative modulation symbol for a
negative acknowledgment. In a transmitter described in 1S-856 standard, the
ACK/NAK bit passes and repeats through a BPSK modulator. The BPSK
modulator modulates the ACK/NAK bit, and the resulting signal is Walsh



al lowed retransm ssions. If a received packet of data is correctly decoded,
the nobile station sends an ACK nessage as indicated by a single ACK bit
on the AR oclarinel 340 to the serving base station. The ARCEK/ushamoet 340
may use a binary phase shift keying (BPSK) nodul ation transmtting a
positive nodul ation synbol for a positive acknow edgnent and a negative
modul ati on symbol for a negative ackBow edgment. In a transmitter
described in |1 S-856 standard, the ACK/ NAK bit passes and repeats through a
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[1028] The ARQ mechanism may have a few problems when the
received ACK channel 340 signal is in the erasure region 403. If the erasure is
interpreted as an ACK, when in fact a NAK is transmitted from the mobile
station, the base station stops transmitting the remaining number of allowed
retransmissions of the physical layer data packet. As a result, the mobile
station would not receive the physical layer packet of data and may rely on a
retransmission mechanism of a higher level protocol layer, such as a radio link
protocol (RLP) layer, to recover the lost packet of data. However, the delay in
receiving the packet of data and utilization of the communication resources are
higher at the RLP layer than the physical protocol layer. One of the measured
system qualites may be the certainty associated with proper and on time
delivery of a data packet to a mobile station. To avoid such a problem, in one
embodiment, the process of decoding the ACK channel may be biased foward
detecting a NAK by interpreting an erasure as a NAK. If the mobile station in
fact has transmitted an ACK and the serving base station detects an erasure,
interpreting the erasure as a NAK allows the base station to continue the



retransm ssi on nmechani sm of a higher |evel protocol |ayer, such as a radio
link protocol (RLP) |ayer, to recover the |ost packet of data. However,
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conmuni cation resources are higher at the RLP |layer than the physical
protocol |ayer. One of the neasured systemqualities may be the certainty
associated wth proper and on tine débivery of a data packet to a nobile
station. To avoid such a problem in one enbodinment, the process of
decodi ng the ACK channel nay be biased toward detect n
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request message may be determined anew based on the most recently
received data. The number of slots used in the extra retransmission may be
different based on the most recently received data.
[1030] The flow of data between two end points may be controlled via
several protocol layers. An exemplary stack of the protocol layers 500 is shown
in FIG. 5 for controlling flow of data between two end points. For example, one
end point may be a source connected to internet through the network 105. The
other end point may be a data processing unit such as a computer coupled to a
mobile station or integrated in a mobile station. The protocol layers 500 may
have several other layers or each layer may have several sub-layers. A
detailed stack of protocol layers is not shown for simplicity. The stack of
protocol layers 500 may be followed for flow of data in a data connection from
one end point to another. At the top layer, a TCP layer 501 controls the TCP
packets 506. TCP packets 506 may be generated from a much larger
application data message/packet. The application data may be partitioned into
several TCP packets 506. The application data may include text message data,
video data, picture data or voice data. The size of the TCP packets 506 may be



in FIG 5 for controlling flow of data between two end points. For exanple,
one end point may be a source connected to internet through the network
105. The wotohmesiend poi nt may be a data processing unit s®CH/se3/a08DNPUt er
coupled to a nobile station or integrated in a nobile station. The
protocol |ayers 500 may have several other |ayers or each |ayer may have
several sub-layers. A detailed stack ot protocol |ayers is not shown for
sinplicity. The stack of protocol Iayers 500 nay be foll owed for flow of
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packet of the group of the RLP packets 509A-N is processed mdependently and

assigned a sequence number. The sequence number is added to the data in

each RLP packet for identifying the RLP packet among the RLP packets in the

group of the RLP packets 509A-N. One or more of the RLP packets in the

group of the RLP packets 509A-N is placed into a physical layer packet of data

510. A physical layer 505 controls the channel structure, frequency, power

output, and modulation specification for data packet 510. The data packet 510

is transmitted over the air. The size of the payload of the packet of data 510

may vary depending on the rate of transmission. Therefore, the size of data

packet 510 may be different from time to time based on the channel condition

and the selected communication data rate.

[1032] On a receiving destination, the physical layer data packet 510 is
received and processed. The ACK channel 340 may be used for
acknowledging success/failure in reception of physical layer data packet 510
transmitted from a base station to a mobile station. If the physical layer data
packet 510 is received without error, the received packet 510 is passed on to
RLP layer 504. The RLP layer 504 attempts to reassemble the RLP packets in



group of the RLP packets 509A-N. One or nore of the RLP packets in the
group of the RLP packets 509A-N is placed into a physical |ayer packet of
data 510woA3pbsise cal | ayer 505 controls the channel struecaresps/isoeruency,
power output, and nodul ati on specification for data packet 510. The data
packet 510 is transmtted over the air. The size of the payload of the
packet of data 510 may vary dependi rk?; on the rate of transm ssion.
Therefore, the size of data packet 510 may be different fromtine to tine

based on,the cha I |t el.ec : ' | atg rate.
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transmi ttespgnbasdhe t Eanwniting bases siioe, rewanspilly et MisRINGa8EPs 813 on
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number of allowed transmissions of a physical layer packet of data. For
example, for the DRC value 0x3, the data rate is 153.6 kbps and the
corresponding maximum number of allowed transmissions is four time slots.
Transmission of a physical layer packet of data may have an early termination
or a normal termination. With early termination, the physical layer packet of
data has been decoded properly at the receiver and the transmitting source has
received an ACK message on the ACK channel 340 corresponding to the
received physical layer packet of data. With normal termination, the transmitter
has exhausted using all the allowed transmissions slots of the physical layer
packet of data without receiving a corresponding ACK message on the ACK
channel 340.

[1034] Referring to FIG. 7, an early termination and normal termination of
transmitting a physical layer packet of data are illustrated for the case of DRC
value 0x3 corresponding to 153.6 kbps data rate. For an early termination of
transmitting a physical layer packet of data for the case of DRC value 0x3
corresponding to 153.6 kbps data rate, at a time slot 702 prior to the first
transmission of the physical layer packet of data, a DRC value is received on
the DRC channel 305. The DRC value is used to determine the communication



correspondi ng maxi mum nunber of allowed transm ssions is four tinme slots.
Transm ssion of a physical |ayer packet of data may have an early

term nat iwo 0309618 normal termnation. Wth early term nat ipem/usohiesophysi cal
| ayer packet of data has been decoded properly at the receiver and the
transmtting source has received an ACK nessage on the ACK channel 340
corresponding to the received physical3|ayer packet of data. Wth nornal
termnation, the transmtter has exhausted using all the allowed
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slots. The time slot ¥n+12” may be used for transmission of another physical

layer packet of data.

[1035] For a normal termination of transmitting a physical layer packet of

data for the case of DRC value 0x3 corresponding to 153.6 kbps data rate, at a

time slot 802 prior to the first transmission of the physical layer packet of data, a

DRC value is received on the DRC channel 305. The DRC value is used to

determine the communication data rate and the maximum number of allowed

retransmissions for the physical layer packet of data. At time slot “n” of the time

slots 801, the first transmission of the physical layer packet of data may take

place. During the next three time slots, “n+1, n+2, and n+3", the transmitter

expects to receive an ACK or NAK on the ACK channel 340. Time slots 803

may show that a NAK is received before the time slot “n+4”. The first

retransmission of the physical layer packet of data takes place during the time

slot “n+4”. The transmitter waits three more time slots to receive an ACK or

NAK on the ACK channel 340. Time slots 803 may show that a NAK is received

before the time slot “n+8”. The second retransmission of the physical layer

packet of data takes place during the time slot “n+8”. For data rate 153.6 kbps,



physi cal | ayer packet of data before exhausting all the all owed

transm ssion slots. The tinme slot "n+12" may be used for transm ssion of
anot her pwWoIBoad150 | ayer packet of data. [1035] For a nor nRICTiES0sr4982 i on of
transmtting a physical |ayer packet of data for the case of DRC val ue 0x3
corresponding to 153.6 kbps data rate, at a tine slot 802 prior to the
first transm ssion of the physical |aye¥r packet of data, a DRC value is
recei ved on the DRC channel 305. The DRC value is used to determne the
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packets ofcdatanéd withevdridus' Asdct$ Bf P iHVENN6H, &er a normal termination of
transmission of a physical layer packet of data, the base station may monitor
the ACK channel 340 and if a NAK is received, it may repeat decoding the
previously received signal of ACK channel 340 with adjusted ACK/NAK
thresholds 401 and 402. The adjustments of the ACK/NAK thresholds 401 and
402 are made such that the decoding is biased toward detection of an ACK
message. Such a bias may be created by treating the erasures as ACKs
without changing the level of the NAK threshold 402 from the previously used
level or by selecting a different threshold altogether.

[1037] Generally, ARQ mechanism through the RLP layer takes some
time, which includes the round trip delay between the mobile station and the
base station as well as the processing delays. Referring to FIG. 8, a message
flow 800 is shown to provide an exemplary flow of RLP packets of data. The
RLP packets with sequence numbers “01” to “07” are sent from a source to a
destination, for example. The source and destination may be, respectively,
either a base station and a mobile station or a mobile station and a base station.
At the RLP layer 504, the RLP packets 509A-N are accumulated to complete
the packet 508. Once all the RLP packets are received, the RLP packeis 509A-



conplete. As a result, the RLP | ayer 504 makes a request for retransm ssion
of the RLP packet of data by sending an RLP NAK signaling nessage. In
accor dancwowBiopsis@r i ous aspects of the invention, after aPa@rusab/14082

term nation of transm ssion of a physical |ayer packet of data, the base
station may nonitor the ACK channel 340 and if a NAK is received, it may
repeat decoding the previously receiJéd signal of ACK channel 340 with
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P lay max1mum allowed number of retransmissions, for an earlier recovery. If this
additional retransmission, in accordance with various aspects of the invention,
is successful before transmitting an RLP NAK message, the RLP NAK message
may not be transmitted.

[1038] If the RLP NAK message is transmitted, at the same time RLP
layer 504 begins a timer. The timer counts the lapsed amount of time after
se‘nding the RLP NAK message. If the timer expires, for example after 500
mSec, before receiving the missing RLP packet “03”, the destination RLP 504
may assume that the retransmission of the missing RLP packet has failed.
Once the missing RLP packet “03” is received, the timer terminates. The
correctly received packets of data may be collected in a storage unit to form a
group of packets of data. Therefore, the processing for detection and
retransmission of a missing RLP packet of data may take some time. The
duration may be sufficiently long enough to allow one more retransmission of
the physical layer of packet of data beyond the maximum allowed number of
retransmissions. If this additional retransmission, in accordance with various

aspects of the invention, is successful before expiration of the timer, the timer



sends an RLP NAK nessage identifying RLP packet "03" as missing in the
communi cation. The processing for detection of a mssing RLP packet of
data, theopsopagati on of the RLP NAK nessage, and the sulpsadisesni4oRP
retransm ssion may take some tinme. The duration may be | ong enough to all ow
one qui ck retransm ssion of the physical |ayer of packet of data, beyond
the nmaxi mum al | owed nunber of retrand6i ssions, for an earlier recovery. If
this additional retransm ssion, in accordance wt h vari ous aspects of the
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varl ous ggscts ‘of the invention, is successful before expiration of the
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possible that the extra physical |ayer retransm Ssj a failed
nor mal t deyenpackel of data may be determined by wefertng tPettaB%ngﬁgé% rl}g(ﬁl ged‘htanl sm
may provigestdnd iRFRuAEHitRr A detdila MeRiER termination of the transmission of
the physical layer packet of data over the maximum number of allowed time
slots without receiving a subsequent ACK on the ACK channel 340. At step
905, the ACK and NAK thresholds 401 and 402 may be adjusted to bias
towards detection of an ACK message. At step 906, the signal of the previously
received ACK channel 340 is re-decoded using the adjusted thresholds to
determine the bit on the ACK channel 340. If the re-decoding produces a NAK
bit, the physical layer packet of data is transmitted one more round, at step 907.
This additional round of transmissions includes a number of transmissions up to
maximum allowed slots according to table 600 in FIG. 6 depending on the
requested DRC at the time of start of retransmission. At this time, the
transmitter may determine a new DRC value by decoding the DRC channel 305
to determine the maximum number of time slots allowed for transmission of the
physical layer packet of data. The channel condition may have changed during
the process. The new round of transmissions may begin after some delay. The
delay may be necessary to allow a de-correlation in the channel condition.
When the de-correlation of the channel condition takes place, the probability
that the transmission of physical packet of data is successful is higher. The new



[ 1039] Various aspects of the invention may be nore apparent by referring
to flow diagram 900 shown in FIG 9. At step 901, the transmtter may

det er m newotoR®IDRC val ue for transm ssion of a physical | @¢garuspacdosr of
data. The DRC val ue nay be determ ned by decodi ng the DRC channel 305. At
step 902, the maxi mum nunber of tine slots allowed for transm ssion of the
physi cal |ayer packet of data may be Wetermned by referring to table 600
in FIG 6. At step 903, the transrn'tter may detect a normal term nation of
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an RLP pﬁﬁrﬁ%nfgt gata. As such, a delayed ARQ (DARQ at the physical |ayer
very for efficient commnications of data. Channel correlation

SI nmpl y [1040] DARQ in accordance with various aspects of the invention may
result in significant performance gains for high throughput users under some
traffic conditions. The interactions between TCP and the lower layers in a
system may result in significant throughput loss for some users under typical
(1% packet error rate (PER)) operating conditions. This loss can be attributed
to several factors. A forward link loss leading to a RLP retransmission causes a
delay in the receipt of the TCP segment affected by the loss, as well as the
subsequent TCP segments which were received, but could not be delivered
immediately due to the sequential delivery requirement of RLP. This would
delay the generation of TCP ACK at the receiver. When the lost packet is
recovered due to RLP retransmission, a burst of packets would be delivered to
the TCP layer, which would in turn generate a burst of TCP ACK, which may
temporarily overload the reverse link. The end result is that the TCP sender
may time out, and thus causing a retransmission of packets, which have been
successfully received in the first place. Moreover, the congestion window at the
TCP sender is reduced to its slow start value (typically one TCP segment) and



means that if a packet got erased in a slot, it is quite likely that it
woul d get erased again if it were retransmtted imediately. This is
parti cul awby3a@sncern in slow fadi ng channel conditi onsPCTHi$83/14082i S
necessary to tenporally de- correlate the retransm ssion fromthe | ost
transm ssion. This inplies that the retransm ssion should occur at the
earliest tine that allows sufficient thannel de-correlation follow ng the
| ost transm ssion. The "Del ayed ARQ (DARQ) is, therefore, used.
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throughput condition occurs when the channel condition is very favorable for
low error rate communications and possibly there are few users in the system.
The additional retransmission may provide more gains for high throughput users
than low throughput users. For low throughput users, it may result in extra
overhead without any benefit. Therefore, to add an additional layer of control
for various aspects of the invention, after step 903 and before step 905, the
transmitter may determine the throughput of the user receiving the
communication. If the throughput is above a throughput threshold, the process
moves to step 905 to prepare for deciding whether one additional
retransmission of the physical layer packet of data may take place.

[1043] After normal termination of transmitting the physical layer packet

of data and before completing the extra transmission of the physical layer
packet of data, the RLP layer 504 may start and transmit a RLP NAK message.
If the RLP NAK message arrives along with an ACK indication on the ACK
channel 340 for proper reception of the extra transmission made after the
normal termination, the RLP NAK may be ignored in accordance with various
aspects of the invention. Various aspects of the invention may be more



retransm ssion will help in reducing the delay thus possibly elimnating
the TCP sender tinmeout. Mireover, the quick retransmssion will reduce the
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case when the Jlast byte in a forward link transm ssion gets |ost. Since
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flush tiner to cause a forced retransm ssion. DARQ woul d result in an
automatic retransms ion in th(gf case, timer
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generated by a radio frequency/intermediate frequency (RF/IF) system 1290
and an antenna system 1292. The RF/IF system 1290 and antenna system
1292 may include one or more components for receiving multiple signals and
RF/IF processing of the received signals for taking advantage of the receive
diversity gain. Multiple received signals propagated through different
propagation paths may be from a common source. Antenna system 1292
receives the RF signals, and passes the RF signals to RF/IF system 1290.
RF/IF system 1290 may be any conventional RF/IF receiver. The received RF
signals are filtered, down-converted and digitized to form RX samples at base
band frequencies. The samples are supplied to a demultiplexer (demux) 1202.
The output of demux 1202 is supplied to a searcher unit 1206 and finger
elements 1208. A control unit 1210 is coupled thereto. A combiner 1212
couples a decoder 1214 to finger elements 1208. Control system 1210 may be
a microprocessor controlled by software, and may be located on the same
integrated circuit or on a separate integrated circuit. The decoding function in
decoder 1214 may be in accordance with a turbo decoder or any other suitable
decoding aigorithms.



RLP NAK nmessage may be associated with an RLP packet of data that was

i ncl uded in the physical |ayer packet of data. Such a detection may be nade
at step WOb3/09A60 step 1014, the received RLP NAK nessage peayusb®i4ognor ed
and the controller may consider the RLP packet of data received properly
at the destination based on the received ACK bit on the ACK channel 340.
The nobile station nay delay transm 20i ng the RLP NAK nessage after
detecting that the last transm ssion of the physical |ayer packet of data

shoul d have taken | ace, and while not receiving the. |last , transm.ssion.
[1044] FI G [D4p] | Llifurm @RerRligN o FaCE ?%Wfﬁs %“%9 %‘é%‘ﬁ\?é’?‘%l‘é%aég'?éﬁ? or
processi g i 198l HeL Mo tdinples Gb \bréRd LS apeb. arfefrgarceleh@iismy | be
used for decodi ng t Informati on on the reverse and forward lin i gnal s.

S S
Recei ved40Bx) €anprbbssystgmbd230 oceafigurerafingen Alemepts vie08a g egéam
gener at e

d b radi g fr N | f : S 1290
and an afeBipd AR BpiGETEG0b R THETEGRNEd SERHPARHITDA: o U 1 202
gﬁ}/l i:ncl %@geQngnoe?mﬁe reemm)rfmcsims _sbarciheefcahi&i rhEQGr.ul tThe ere§u@$1a?fs thed
processi ng, of the received signals, for,t van
recei ve d@m@t&%@qn iils n9°W5|n?Fip?Bara%§ﬁ%ao sq%q?)gegg@%bagggggad%}hﬂ %Egh
di f f er eniyecBHES A HRRD aR8IdiFpUTBYhE @ldcbast AlateMDbspseatting of Amt ehaanelgst em
1292 receives the RF signals, and passes

C gne tre RE ?E%analsto RF/IIif{éstem
1290.  Rig perfeyed hymulivhving He mepiesheanpiesyith i cemplaxgariygate
ece ved i Py SUAREACBI Snd BSLiBhEH WA IGRAYAT 4CE Agle diriing! ARsbihesisor m RX
sanpl es at base and frequencCi es. e sanples are supplied to a
denul ti plasxedigiidiyikpringadbe resuiingsaioplest offemmith 2opintegralgandedump

h i t 06 d., f,i | . [ Q4
coupl od. ABHEREAoRCREE haPSond. °Shiha Etitinds BOBSRBlomkhokd B e, s
1208. Condr, oRes¥ivbe P08 INayby Used ia arecaivergpartienrof basersittiens HY1 eoflt war e,

and may be | ocated on the sanme integrat ci rcui p

i nt egr at @0cfarRIPeessha tg%d@ﬁ‘?'ﬁﬁdfrﬁﬁgﬁeoﬁ’q? R ch&ﬁ{ ﬂ% T%) bﬂgy&%g&ﬁsﬁ

accor danga‘igwm hh FoteivbP & @y atyihet hesbileustatibhe fodquodessingl ther i t his.
0 PCT/ US03/ 14082

WO 03/ 09 ' ] : 20 [ 1045] During operation, received sanples
are supplreeeived forward linEk@ignaldenux 1202 supplies the sanples to searcher

unit 1206 an?l(HGﬁ'gelflGe.l ¢5%i\liStrates a block diagram of a transmitter 1300 for
transmitting the reverse and forward link signals. The channel data for
transmission are input to a modulator 1301 for modulation. The modulation
may be according to any of the commonly known modulation techniques such
as QAM, PSK or BPSK. The data is encoded at a data rate in modulator 1301.
The data rate may be selected by a data rate and power level selector 1303.
The data rate selection may be based on feedback information received from a
receiving destination. The receiving destination may be a mobile station or a
base station. The feedback information may include the maximum allowed data
rate. The maximum allowed data rate may be determined in accordance with
various commonly known algorithms. The maximum allowed data rate very
often is based on the channel condition, among other considered factors. The
data rate and power level selector 1303 accordingly selects the data rate in
modulator 1301. The output of modulator 1301 passes through a signal
spreading operation and amplified in a biock 1302 for transmission from an
antenna 1304. The data rate and power level selector 1303 also selecis a
power level for the amplification level of the transmitted signal in accordance
with the feedback information. The combination of the selected data rate and



408. Control system 1210 configures finger elenents 1208 to perform

denodul ati on and despreadi ng of the received signal at different tine

of fsets wWweayMyano search results from searcher unit 1206. PCha/S0&s4081 s Of
the denodul ation are conbi ned and passed to decoder 1214. Decoder 1214
decodes the data and outputs the decoded data. Despreading of the channels
is performed by multiplying the recei Vvdd sanples with the conpl ex conjugate
of the PN sequence and assigned Wal sh function at a single timng

hypot hesi and di filtering the su ften wth an

i nt egr at et?'ﬁrfbo 9 l;% PERRGF dcﬁ“%&‘mq O{ﬁ'ﬁ f@ﬂ%{ﬁ%’fﬁ% ta{ﬁ?éﬁ?ﬁﬂ”{ﬁ@e i s
conmonl y di@mmnoﬁ t/!hpllotad” @nal'?@%\%dlgénér&%bl R ORSCKUEESY .1 Tha i I@P@ibﬁﬁf ,Sport i on
of base stations 101 and 160 for processing_the received reverSe nk

si gnal s faBRlitieckio@bapRropriate @N@l in Rlgek 1 304. Tdearilps sighet pwar @Nebmﬁyof t he
nobi | e st ’ c?ﬁfﬁ 1046]
FIG 12 itﬁ Lrgtaﬁgé@gneégﬁocﬁi&?g%ﬁ@enlq% a'id[ffgtnftslfn% p%%%"ﬁ%%sﬁ ﬂ)ﬂ ran%m tting
t he revergiotsgignaloiswapmnbiriagk withgtls chamhel slygahdh alaombiioer 1BOansFFheS| on

accor ar ng T BR 8 Bt s ieo e FriPuiet oFpdeL Mt e BB, oaw

PSK or BR#ifenidel 3tat a The antaried 1304amfé9tber|ﬂt any murmisht et @bmbﬁﬂahons'rhe
data rate maé be sel ected by grﬂaéa rate an ower | evel selector 1303.

The dat a PGH '@eﬁ“@@f‘f‘%ﬁ”ﬁ'é@ ap iplp G‘H“f i@ Uit GPRHIWEHORRcei ved from
a receiving gephi AG.0M8 déPRtd BCEENErBPdRRFAMNSH anhn@Bélv@? sgst@ﬁbn hgpstation

or a base station. The feedback I nformation may includ maxi mum
al l oned dat aincpepasating erapgiveiu R8Pl GRgd teansmiitat e13R0) f@é mn@tamm@dau n
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data rate ver ten s on the channe I'on, among ot her
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di 1301. Th
modul at ot opehE! 16a8eaVE, 128845 SrajfuBE faBlotla. peksies SR PERiFL. AR 11 e
in a bl odkarksfitedi adaths aviarbuss aspetisooh tie reveivitMR0D38Ad tidiesnsiaba 18ebe and
power |evel selector 1303 a Sogﬁerl ects @Iagﬁower | evel for the anplification
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common local oscillator and a common antenna system for RF/IF receiving and

transmitting. Transmitter 1300 receives the data for transmission on input 1405.
Transmit data processing block 1403 prepares the data for transmission on a
transmit channel. Received data, after being decoded in decoder 1214, are
received at processor 1401 at an input 1404. Received data are processed in
received data processing block 1402 in processor 1401. The processing of the
received data generally includes checking for error in the received packets of
data. For example, if a received packet of data has error at an unacceptable
level, the received data processing block 1402 sends an instruction to transmit
data processing block 1403 for making a request for retransmission of the
packet of data. The request is transmitted on a transmit channel. Various
channels, such as the ACK channel 340, may be used for the retransmission
process. As such, the control system 1210 and processor 1401 may be used
for performing various aspects of the invention including various steps
described in relation to flow diagrams 900. A receive data storage unit 1480
may be utilized to store the received packets of data. Various operations of
processor 1401 may be integrated in a single or multiple processing units. The



the power |evel allows proper decoding of the transmtted data at the
receiving destination. A pilot signal is also generated in a bl ock 1307.
The pil otweiognedisé s anplified to an appropriate | evel inPoracsks/i48y. The
pil ot signal power |evel may be in accordance with the channel condition
at the receiving destination. The pilot signal is conbined with the
channel signal in a conbiner 1308. Th&2 conbi ned signal may be anplified in
an anplifier 1309 and transmtted from antenna 1304. The antenna 1304 nmay

be in any nunber of conbinations .including antenna arrays and nultiple
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used for the retransm ssion process. As such, the control system 1210 and
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a singl e g, 4 bBb SIS ThE Scbpd bPthe Bisent invention.

[1049] 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 conjunciion with a DSP core,
or any other such configuration.

[1050] The steps of a method or algorithm described in connection with
the embodiments disclosed herein may be embodied directly in hardware, in a



WO 03/ 096150 PCT/ US03/14082 22 transceiver 1400 may be connected to

anot her device. The transceiver 1400 nmay be an integral part of the

devi ce. TWeO odmp9ilse nay be a conputer or operates siml ar PCO/BOTOMPLL er .
The device may be connected to a data network, such as Internet. In case
of incorporating the transceiver 1400 in a base station, the base station
t hrough several connections nmay be coBfected to a network, such as
Internet. [1048] Those of skill in the art would further appreciate that

the various illustrative |logical blocks, nmodules, gi.rcuits, | gorithm
steps deSEHVBER mﬂém@oﬁ’ﬁ%’&f@ Pymﬁtmopﬂﬁscgnﬁf)d?r?er??@c%wétﬁri)sé%%ﬁb%rg may be
| npl eﬁenwﬁfdlﬂé m&y Ge5idenint RN dnefry, CRMBH hesmes/, tROM mermogriEPREN ons - of

both. To clearly "ill

ustrate this interchangeability of hard Mﬂ
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SLeps hayg DSegarsdi FBF@tcﬂQQ&erp%%iﬁﬂﬁkﬁb\hﬁ ihind fT® A9 okdifblary dfsrbenal i ty.

Whet her &1 ional1ty I enent e ardware or software depends
upon t he npedititc s acowpedi i fatthen presessdessuph doals tthai praceisapoan dradhe

overall system. Skjlled artisans N e t e ibed f wonality
in varyi r‘féo\%gﬁo@ o{r"o'@ac‘ﬁn apt ecdﬁ‘@?%aﬂéﬁm"cgﬁ%or?w%&g Z‘E%:q{%rrpl gprrghtbati on
d:?Ci ﬁi onglisheathvé, ek BRragé em@dﬁlrﬁﬂn@ b@aliméglﬁl atoddbarpmolesa‘;oron] The Sﬁope
of the present invention, [1049] The various i.llustrativ oqi ocks,
ol 5. PERGRRSOrANA. Y1e dlasbap BRIV Cihaet BN (RSTRe. doASTErTE

di scl Ose‘iiegﬁ%ein”\ar@s?érbt%rmldaw efe e dliefinaioe Sidpioyedsdr aarge e dtoragepose
processor, a digital signal processor (DSP), an application specific

i nt egr at edediunconay resigp@s, digcrete campenegisimmwsel tgENEak ray (FPGA) or ot her
bl ! NG _ . \ e i .
programa %L(%ghfs ‘éﬂr)fé?noﬂ %%cl‘ﬁhg?n %ﬁl?et ﬁfefélrr %gi’c?dﬁlm At is.prélicietet e

har dwar e co any ¢ I on ereo gned to performthe
funct i ongodssbie ey persenrekilledgEnteabriplor pake opuse dBe gesent ip¥eation.
m croprocessor,.

but in.the alterpative 0 A
convent i VBF'BH%@B?'T'C%%W% })‘? |tﬁ?§e rﬁngp%cﬂ&gﬁsoﬁ\ﬁlifo% 5&%‘%? gp ehiRe. A
pr ocessonhasy srille@ ibthe am) & e dersricpineipies aldfined dfereiomay beguidiedces,
e.g., a conbination of a DSP._and a m crog{)gcessor . a E%ur@l I \ﬁ/ of ih
mi cr opr od@saiies, ephedigients rwithw H}?r 4585861 | IRVRNE, RGN WNYS dNBsp
core, O BBYNBhP&RticH S hdt AtbhEEd # bBMimited to the embodiments shown herein
but is to be accorded the widest scope consistent with the principles and novel
features disclosed herein.

[1052] What is claimed is:



[ 1050] The steps of a nethod or algorithmdescribed in connection with the
enbodi nents di scl osed herein may be enbodied directly in hardware, in a WD
03/ 096150WwB@3/38B/ 14082 23 software nodul e executed by RCpruso®s®8r, or in
a conbination. A software nodule may reside in RAM nenory, flash nenory,
ROM nmenory, EPROM nenory, EEPROM nenory, registers, hard disk, a renovable
disk, a CO-ROM or any other form of &#orage nmedi um known in the art. An
exenplary storage nediumis coupled to the processor such that the
processor can read information fronb wite information to, the storage
medium In the alternative, the sto Eamﬁedi um may be integral to the
processor. The processor and the storage nediumnay reside in an ASIC. The
ASIC may reside in a user termnal. In the alternative, the processor and
the storade mAdnatiaskipr ussiiaa eamaugination systepaeanpriding:a user terni nal .

[ 1051] The preyi cryj pid : f ernpodi ts_I r pvi ded
to enabl e any %gfré‘sﬁgﬁm@ ila] ggﬂrﬁﬁuﬂ[?gthgﬁt H{“g lﬁéat&\ge%& r‘%jsgd"[{ﬁg H?%'zeeﬁ}d) a

i nvent i ondestifiationausesus nodi fications to these enbodiments will be readily
apparent to t Skilled.in the ar nd t he generic principles defined
herein may be Qgﬁéf'ﬁ% 105, 0&%8@0@%8{1pﬁ%n‘ggmml{rﬁﬁﬁdttppé&ggg id gouirce

i nvent i veahdakktiyatiohusersf he present invention is not intended to be

limted to the enbodinents sFovvn {er_ei n but is to be accorded the w dest
scope consi st efltSHNNNG froyanRul of said gsammignieation kaftur es di scl osed herei n.

[1052] What isré%}é*isﬁﬂﬂiﬂgséaiﬁ\%gﬁg&g@@ d’ag/a@@ac‘ét%%mrgﬁm%gﬂgﬁ Said A

met hod for use in a comtunicatio stem conprising:. esta

conmuni cafieiesting hrsedtanwhethessaid sleterarinesh thraughipst isnahévenatbrughget ect i ng
| oss of ay of data conmuni cated between said source and destination
users; determ ning throughput of said comunication link; retransmtting
said | ost packet of data at |east one nore tine after said

2. The method as recited in claim 1, wherein said retransmitting includes
use of transmission diversity.

3. The method as recited in claim 1, wherein said retransmitting is after
exhausting a maximum allowed retransmissions, and wherein said maximum
allowed retransmission is based on a data rate of communication between said
source user and said destination user.

4, An apparatus for use in a communication system, comprising:

a controller and a transceiver system configured for establishing a
communication link between a source user and a destination user, wherein said
controller further is configured for detecting loss of a packet of data
communicated between said source and destination users and determining
throughput of said communication link, and said transceiver system further is
configured for retransmitting said lost packet of data at least one more time after
said detecting based on whether said determined throughput is above a
throughput threshold.

5. The apparatus as recited in claim 4, wherein said communication link is a
forward link communication from said source user to said destination user, and
wherein said destination user is a mobile station in said communication system.



detecting based on whether said determ ned throughput is above a throughput
threshold. 2. The nmethod as recited in claiml1, wherein said retransmtting
i ncl udes wo8/08d156 r ansm ssi on diversity. 3. The nethod asPCEFAiSVyHOBN cl ai m
1, wherein said retransmtting is after exhausting a maxi num al | owed
retransm ssions, and wherein said maxi num allowed retransm ssion is based
on a data rate of communication betwee# said source user and said
destination user. 4. An apparatus for use in a conmunication system
conprising: a controller and a transceiver system configured for
establishing a comunication |ink between a source user and a destination
user, whegei N $Aé Gppaemus®d escifedr ihheaim 4, adrieigussd tlamscdiveeeystem isoss of
a packet of data _communi cated between said sourcehﬁaﬁ d [hation,users

|

t
and det er frifien gontigweggiep diansmiding £ ReENIRG, QiVEeES] §ax§f{8{rg%§ralssmn

transceiv ths configured for retransmitting said |ost
packet of Sg%%g?%é[?ﬂafggéﬁgﬁﬂnae nore time after said detecting based on

whet her sai d determ ned throughput is above a throughput threshold. 5. The

apparatus-as regit i | 3l enel.n 4sai i L o0 i

Foraard | 7ok comtresig A Rched Rt s Irrdh il ERhafitndle afief o
and wher gkitaugsting & aadkinain callovest rétearsmisdiohs, andtwibereim saa@l thaximum
conmuni cat j on stem WO 03/Q96150 PCT{ US03/ 14082 25.6.. The r S as
recited iﬁh@’f’ YaNSRIgRONAS S(?%t?'hﬁ ¢V %fy%qrgmupgcatlpﬁthqg@g&ggﬁf gur ed
for transgplifcbNBerBAd 2GEUEsatNVeesi ty of said retransm ssion of said

| ost packet of data. 7. The apparatus as recited in claim4, wherein said

retransmtting is after exhausting a maxi num allowed retransm ssions, and

wher ei n sgi d TR giRd iAld EWRFASARAN]SRShoGomprisiAged on a data rate of

conmuni cati on ween sald source user and sald destination user 8. A
net hod i n a coestablishingoa opmepmicationr iRk nNeetwesnalsl | SMre) BS&lo@Mgnigtat i on
en.a.source, user and a destination user; detecting, based on

i nk bet .
decodi ngmﬁﬁsmwgvbfs@ggrrent channel, loss of a
detecting, based on decoding an acknowledgment channel, loss of a

packet of data communicated between said source and destination users after
exhausting a maximum allowed retransmissions of said packet of data;
adjusting decoding thresholds of an acknowledgment channel, and
repeating decoding of said acknowledgment channel;
determining retransmission of said packet of data at least one more time
based on said decoding of said acknowledgment channel with said adjusted
thresholds.

9. The method as recited in claim 8, wherein said adjusting is biased for

decoding a positive acknowledgment message.

10. The method as recited in claim 8, wherein said maximum allowed
retransmission is based on a data rate of communication between said source
user and said destination user.

11.  An apparatus in a communication system, comprising:

a controller system and transceiver system configured for establishing a
communication link between a source user and a destination user, for detecting,
based on decoding an acknowledgment channel, loss of a packet of data



packet of data communi cated between said source and destination users after
exhausting a maxi mum al |l owed retransm ssions of said packet of data,;

adj ust i ngwoasogkiing t hr eshol ds of an acknowl edgnent channelPCTAarsd3/1408peat i ng
decodi ng of said acknow edgnent channel; determ ning retransm ssion of said
packet of data at |east one nore tinme based on said decoding of said
acknow edgnent channel with said adjusited thresholds. 9. The nethod as
recited in claim8, wherein said adjusting is biased for decoding a

positive acknow.e ntt message.- 10, tI oS Sregi £ é E i m.8,
wher ei n s&PGTHENG WEGB S SOPEGRs AN ISH at&° § g & of
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apparatus in a communication system conprising a controller systeman
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bet ween aa%vﬁ@d%ﬁ%@t éﬁgnﬁeldﬁ)?tdemiﬁiﬁg%%nsﬁﬁési&?b?f@éid%ckeb6$ gdtzon

decodi ng an ackno gnent channel, 1osS of a packet of data WD 03/096150
PCT/ US03/ audest aee cowneiriioat basaseone said glegoding o 2aid adkomdedgpantuser s

after exh i . i etransm ssions of said packet of data,
for adj us?ﬁ%ﬁf‘eﬁ‘" a%%é@j@%%ﬂﬁggﬁ(ﬂ%%nel decodi ng threshol ds and repeating
decodi ng of said acknow edgnent channel, for determ ning retransm ssion of
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recited iae@écﬁj\)\?hégosiw@eé@{nbvﬁgdgmgﬁi mebsaige. s bi ased for decoding a
positive acknow edgnent nessage. 13. The apparatus as recited in claim11,

wherein said maxi num all owed retransm ssion is based on a data rate of
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14.  The apparatus as recited in claim 11, wherein said transceiver system is
further configured for transmitting and receiving diversity of said retransmitting
said lost packet of data.

15. A method for use in a communication system, comprising:

determining a data rate control (DRC) value for transmission of a
physical layer packet of data from a base station to a mobile station;

determining a maximum number of time slots allowed for transmission of
said physical layer packet of data;

detecting a normal termination of transmission of said physical layer
packet of data over said maximum number of time slots without receiving, over
an acknowledgment channel, at said base station, an acknowledgment for
proper reception of said physical layer packet of data at said mobile station;

adjusting decoding thresholds for decoding said acknowledgment
channel to bias detection of a positive acknowledgment message more than
detection of a negative acknowledgment message;

repeating decoding of said acknowledgment channel with said adjusted
decoding thresholds; ‘



determning a data rate control (DRC) value for transm ssion of a physical
| ayer packet of data froma base station to a nobile station; determ ning
a maxi munwouwaioes1sof time slots all owed for transm ssion ofPCTa®0s149BY si cal

| ayer packet of data; detecting a normal term nation of transm ssion of

sai d physical |ayer packet of data over said maxi mum nunber of tine slots
wi t hout receiving, over an acknow edg®®&nt channel, at said base station,
an acknowl edgnent for proper reception of said physical |ayer packet of

data at said ile station; du5| ecod hr eshol sfor decodi ng
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message. . T S e r conprising:
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transm ssion slots based on the new DRC value and limting said

retransmtting_said physical |ayer packet of data to said new nmaxi mum
nunber ofl 7t r adbringsined a3 mcded Ipclawmd Sriltnier eMPEsinged in cl ai m 15,
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of transmission slots.

18. The method as recited in claim 15, further comprising:

determining a throughput of communications between said base station
and said mobile station, wherein said retransmitting is based on whether said
determined throughput is above a throughput threshold.

19.  The method as recited in claim 15, further comprising:

detecting a positive acknowledgment of reception of said physical layer
packet of data after said retransmitting said physical layer packet of data at said
least one more time after said detecting said normal termination of transmission;

receiving a radio link protocol layer negative acknowledgment for failure
of reception of a radio link protocol layer packet of data;

detecting said radio link protocol layer packet of data is included in said
physical layer packet of data;

ignoring said received radio link protocol layer negative acknowledgment
and considering said radio link protocol layer packet of data as properly
received.

20. The method as recited in claim 15, further comprising:



packet of data after said retransmtting said physical |ayer packet of data
at said least one nore tine after said detecting said normal term nation
of transnwelBoMG150 ecei ving a radio |ink protocol |ayer ne@arituses3/14082

acknow edgnent for failure of reception of a radio |link protocol I|ayer
packet of data; detecting said radio |link protocol |ayer packet of data is
i ncluded in said physical |ayer packetzgof data; ignoring said received
radio |ink protocol |ayer negative acknow edgnment and considering said
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li nk prot &now yidrefaibre ofgecertipnapf aviadiontink protaepldayen pagkeipf 21.
An appar aigdss AT Sim f&sﬁﬂm%'l%bﬁ i on system conprising: a control and

transcei ver system configured tor termining a data rate control (DRC)
val ue for transm ssion of a physical |ayer packet of data froma base
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acknow ed§latsellewad el tragsipissiongel said iphysienl lryeppackat b dada.fendetagiingt

e e s b L R T O

decodi ng shicemiaxindsm rurtbenef tirserdeis ithdutgeseividg, pysrsar acknayledgpearitet of

e o b 5y BRI phA el e ARG P B ecBBnch i o
physical layer packet of data at said mobile station, for adjusting decoding
thresholds for decoding said acknowledgment channel to bias detection of a
positive acknowledgment message more than detection of a negative
acknowledgment message, for repeating decoding of said acknowledgment
channel with said adjusted decoding thresholds, and for retransmitting said
physical layer packet of data at least one more time after said detecting said
normal termination of transmission based on whether said repeating decoding
of said acknowledgment channel produces a negative acknowledgment
message.

22. The apparatus as recited in claim 21, wherein said control and
transceiver system further configured for delaying said retransmitting said
physical layer packet of data to allow for decorrelation of a channel between
said mobile station and said base station.

23. The apparatus as recited in claim 21, wherein said control and
transceiver system further configured for determining a new DRC value and
‘determining a new maximum number of transmission slots based on the new



of said acknow edgnment channel produces a negative acknow edgnent nessage.
22. The apparatus as recited in claim?21l, wherein said control and

transcei vwp 0spsdiem f urt her configured for del ayi ng said recmarsesri4o8t ng sai d
physi cal | ayer packet of data to allow for decorrelation of a channel
between said nobile station and said base station. 23. The apparatus as
recited in claim21, wherein said cont29%| and transceiver system further
configured for determ ning a new DRC value and determ ning a new maxi num
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time after said detecting said normal term nation of transm ssion, for

recei vi ndnEoygfpud thiegRolBr ot ocol | ayer negative acknow edgnent for failure
of reception of a radio link protocol |ayer packet of data, for detecting
said radio link protocol |ayer packet of data is included in said physical
| ayer pack®t ofhelagpparaius fag teghedi iy dain 2tcavRargin saidl ocontrl Ansk ocol
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negative acknowledgment for failure of reception of a radio lirk protocol layer
packet of data, for detecting said radio link protocol layer packet of data is
included in said physical layer packet of data, and for ignoring said received

radio link protocol layer negative acknowledgment and considering said radio
link protocol layer packet of data as properly received.

26. The apparatus as recited in claim 21, wherein said control and
transceiver system further configured for detecting a positive acknowledgment
of reception of said physical layer packet of data after said retransmitting said
physical layer packet of data at said least one more time after said detecting
said normal termination of transmission, for receiving a radio link protocol layer
negative acknowledgment for failure of reception of a radio link protocol layer
packet of data, for detecting said radio link protocol layer packet of data is
included in said physical layer packet of data, and for ignoring said received
radio link protocol layer negative acknowledgment and considering said radio
link protocol layer packet of data as properly received.

27. The apparatus as recited in claim 21, wherein said control and
transceiver system further configured for detecting a positive acknowledgment



negative acknow edgnent for failure of reception of a radio |link protocol

| ayer packet of data, for detecting said radio |ink protocol |ayer packet
of data iwoofedisaled i n sai d physical |ayer packet of dat&CTarsd3/i4ms2
ignoring said received radio link protocol |ayer negative acknow edgnent
and considering said radio |link protocol |ayer packet of data as properly
received. 27. The apparatus as recited0in claim?21l, wherein said control
and transceiver systemfurther configured for detecting a positive
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