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of the Invention The presentlinvention relates to data

communi cation. More ﬁ%ltﬁi cularly, the present invention relates to a
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facilitating comuni caBAGSKGROUNRhQR THEINY ENFIONf system users are

presents OQther multiple access comuni cati on system techni ques, such as
time divisj | 1 [,pl £ access (TDMA) and frequency division nultiple
access (Fdf&geﬁﬁi%e Ohe 20 art However, the spread spectrum

- nmodul ation technj ques of CDVA has signi ficant advantages over other
modul ati on t echkhgudyesent dnvenfipn arslates to datameoermerunisatiopst viere The

- use of CDI\/pafmﬂmgU&% hidsentivehBbR REES To a nmfe@raawmg&b@éu SHEHRMA | S
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MULTI AR SAPPRIGUN sienfy setranppigeionsagt 4ttE USRS ERRE:
REPEATERS, dcafautitish.t o t he assignee of the present invention and is
i ncorporated by reference herein. The use of CDMA techniques in a

g\;![gin{ol anflgﬁ%gﬁﬁﬁ%ﬁﬁékgﬁeﬁi tg'rPE:\/ISAND further disclosed in U S
15 The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as time division multiple access
(TDMA) and frequency division multiple access (FDMA) are known in the
20 art. However, the spread spectrum modulation techniques of CDMA has
significant advantages over other modulation techniques for multiple access
communication systems. The use of CDMA techniques in a multiple access
communication system is disclosed in U.S. Patent No. 4,901,307, entitled
"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM
25 USING SATELLITE OR TERRESTRIAL REPEATERS,” assigned to the
assignee of the present invention and is incorporated by reference herein.
The use of CDMA techniques in a multiple access communication system is
further disclosed in U.S. Patent No. 5,103,459, entitled "SYSTEM AND
METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA
30 CELLULAR TELEPHONE SYSTEM," also assigned to the assignee of the
present invention and is incorporated by reference herein. Furthermore,
the CDMA system can be designed to conform to the “TIA/EIA/IS-95A
Mobile Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System”, hereinafter referred to as the

35 IS-95A standard.
 CDMA, by its inherent nature of being a wideband signal, offers a
form of frequency diversity by spreading the signal energy over a wide
bandwidth. Therefore, frequency selective fading affects only a small part of
the CDMA signal bandwidth. Space or path diversity is obtained by
40  providing multiple signal paths through simultaneous links to a mobile
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15 link capacity is limited by the total interference which a remote station
experiences from other remote stations. The CDMA system increases the
reverse link capacity by transmitting fewer bits, thereby using less power and
reducing interference, when the user is not speaking.
The forward link refers to a transmission from a base station to a
20 remote station. On the forward link, the transmission power of the base
station is controlled for several reasons. A high transmission power from
the base station can cause excessive interference with other base stations.
Alternatively, if the transmission power of the base station is too low, the
remote station can receive erroneous data transmissions. Terrestrial
25 channel fading and other known factors can affect the quality of the forward
link signal as received by the remote station. As a result, the base station
attempts to adjust its transmission power of signal to each remote station to
maintain the desired level of performance at the remote station.
The forward link and reverse link are capable of data transmission at
30 variable data rates. A method for transmitting data in data packets of fixed
size, wherein the data source provides data at a variable data rate, is
described in detail in U.S. Patent No. 5,504,773, entitled “METHOD AND
APPARATUS FOR THE FORMATTING OF DATA FOR TRANSMISSION”,
assigned to the assignee of the present invention and incorporated by
35 reference herein. Data is partitioned into data packets (or packets) and each
data packet is then encoded into an encoded packet. Typically, the encoded
packets are of a predetermined duration. For example, in accordance with
the IS-95A standard for the forward link, each encoded packet is 20 msec
wide and, at the 19.2Ksps symbol rate, each encoded packet contains 384
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20 not able to correct the error. Therefore, another mechanism is required to

allow correction of the data packets received in error.

SUMMARY OF THE INVENTION

25 The present invention is a novel and improved method and
apparatus for the efficient retransmission of data using symbol
accumulation. In the present invention, data transmission occurs from a
source device to a destination device in the nominal manner. The
destination device receives the data transmission, demodulates the signal,

30 and decodes the data. In the exemplary embodiment, the data is partitioned
into data packets which are transmitted within one frame time period. As
part of the decoding process, the destination device performs the CRC check
of the data packet to determine whether the packet was received in error. In
the exemplary embodiment, if the packet was received in error, the

35 destination device transmits a NACK message to the source device.

In the exemplary embodiment, the source device responds to the
NACK message by retransmitting the packet received in etror concurrently
with the transmission of the new data packet. The destination device
receives the data transmission and retransmission, demodulates the signal,
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traffic channel used to transmit the new packet. Since the retransmitted
packet does not delay or impede the transmission of the new packet, the
20 throughput rate is maintained during the retransmission of the packet
received in error.

It is another object of the present invention to maximize the capacity
of the communication channel by retransmitting the packet received in
error with the minimum amount of energy such that the accumulation of

25 the energy of the transmission and retransmission results in the correct
decoding of the packet. The packet received in error can be retransmitted
with less energy-per-bit than the new packet which is transmitted for the
first time. At the destination device, the energy of each symbol in the packet
received in error is accumulated with the energy of each symbol in the

30 retransmitted packet. The accumulated symbols are then decoded.

It is yet another object of the present invention to improve the
performance of the decoding of the packets received in error by performing
the maximal ratio combining of the transmitted and retransmitted packets.
For a communication system which supports coherent demodulation with

35 the use of a pilot signal, the destination device performs a dot product of the
received symbols with the pilot signal. The dot product weighs each symbol
in accordance with the signal strength of the received signal and results in
the maximal ratio combining. Within a transmission or a retransmission,
the scalar values from each dot product circuit which has been assigned to a
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FIG. 1 is an exemplary diagram of the communication system of the
present invention showing a plurality of base stations in communication
with a remote station;
FIG. 2 is a block diagram of an exemplary base station and an
20  exemplary remote station;
FIG. 3 is a block diagram of an exemplary forward traffic channel
transmission system;
FIG. 4 is an exemplary block diagram of an alternative modulator;
FIG. 5 is a block diagram of an exemplary convolutional encoder;FIG.
25 6 is a block diagram of an exemplary demodulator within the remote station;
FIG. 7 is a block diagram of an exemplary pilot correlator;
FIG. 8 is a block diagram of an exemplary decoder within the remote
station; and
FIG. 9 is a block diagram of an exemplary architecture which supports
30 data transmission over multiple code channels.
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retransnfosly @me serote station 6 is shown for simplicity). System controller 2
connects to all base stations 4 in the communication system and the public
switched telephone network (PSTN) 8. System controller 2 coordinates the
communication between users connected to PSTN 8 and users on remote

20 stations 6. Data transmission from base station 4 to remote station 6 occurs
on the forward link through signal paths 10 and transmission from remote
station 6 to base station 4 occurs on the reverse link through signal paths 12.
The signal path can be a straight path, such as signal path 10a, or a reflected
path, such as signal path 14. Reflected path 14 is created when the signal

25 transmitted from base station 4a is reflected off reflection source 16 and
arrives at remote station 6 through a different path than the straight path.
Although illustrated as a block in FIG. 1, reflection source 16 is an artifact in
the environment in which remote station 6 is operating, e.g. a building or
other structures.

30 An exemplary block diagram of base station 4 and remote station 6 of
the present invention is shown in FIG. 2. Data transmission on the forward
link originates from data source 120 which provides the data, in data packets,
to encoder 122. An exemplary block diagram of encoder 122 is shown in FIG.
3. Within encoder 122, CRC encoder 312 block encodes the data with a CRC

35 polynomial which, in the exemplary embodiment, conforms to the IS-95A
standard. CRC encoder 312 appends the CRC bits and inserts a set of code tail
bits to the data packet. The formatted data packet is provided to
convolutional encoder 314 which convolutionally encodes the data and
provides the encoded data packet to symbol repeater 316. Symbol repeater
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routed through duplexer 128 and transmitted from antenna 130 on the
15 forward link through signal path 10.
A block diagram of an alternative modulator 124b is shown in FIG. 4.
In this embodiment, data source 120 provides data packets to two encoders
122 which encode the data as described above. The interleaved data and the
pilot and control data are provided modulator 124b. Within modulator
20  124b, the interleaved data from the first encoder 122 is provided to Walsh
modulator 420a and the interleaved data from the second encoder 122 is
provided to Walsh modulator 420b. Within each Walsh modulator 420, the
data is provided to multiplier 422 which covers the data with a Walsh code
assigned to that Walsh modulator 420. The covered data is provided to gain
25 element 424 which scales the data with a scaling factor to obtain the desired
amplitude. The scaled data from Walsh modulators 420a and 420b are
provided to summer 426 which sums the two signals and provides the
resultant signal to complex multiplier 430. The pilot and control data are
provided to multiplexer (MUX) 412 which time multiplexes the two data
30 and provides the output to gain element 414. Gain element 414 scales the
data to obtain the desired amplitude and provides the scaled data to complex
multiplier 430.
Within complex multiplier 430, the data from gain element 414 is
provided to multipliers 432a and 432d and the data from summer 426 is
35 provided to multipliers 432b and 432c. Multipliers 432a and 432b spread the
data with the spreading sequence from multiplier 440a and multipliers 432c
and 432d spread the data with the spreading sequence from multiplier 440b.
The output of multipliers 432a and 432c are provided to summer 434a which
subtracts the output of multiplier 432¢ from the output of multiplier 432a to
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15 invention. At remote station 6 (see FIG. 2), the forward link signal is

received by antenna 202, routed through duplexer 204, and provided to

receiver (RCVR) 206. Receiver 206 filters, amplifies, demodulates, and

quantizes the signal to obtain the digitized I and Q baseband signals. The

baseband signals are provided to demodulator (DEMOD) 208. Demodulator

20 208 despreads the baseband signals with the short PNI and PNQ codes,

decovers the despread data with the Walsh code identical to the Walsh code

used at base station 4, despreads the Walsh decovered data with the long PN
code, and provides the demodulated data to decoder 210.

Within decoder 210 which is shown in FIG. 8, block de-interleaver 812

25 reorders the symbols within the demodulated data and provides the de-

interleaved data to Viterbi decoder 814. Viterbi decoder 814 convolutionally

decodes the de-interleaved data and provides the decoded data to CRC check

element 816. CRC check element 816 performs the CRC check and
conditionally provides the checked data to data sink 212.

30 Data transmission from remote station 6 to base station 4 on the

reverse link can occur in one of several embodiments. In the first

embodiment, the reverse link transmission can occur over multiple
orthogonal code channels similar to the structure used for the forward link.
The exemplary embodiment of a remote transmission system which
35 supports multiple code channels on the reverse link is described in detail in
U.S. Patent Application No. 08/654,443, entitled "HIGH DATA RATE CDMA
WIRELESS COMMUNICATION SYSTEM", filed May 28, 1996, assigned to
the assignee of the present invention and incorporated by reference herein.
A simplified block diagram of the structure is shown in FIG. 9. Data source



the environment, in which renote station 6 is operating, e.g. a building or

- other structyres. 30 An exenpl ary bl ock di agram of base ' 4
and renote sYRPRH'E of the present invention is shown ippﬁ%&bglgsData
transm ssion on the forward link &iginates fromdata source 120 which

provi des the data, in data packets, to encoder 2. An exeppl ary bl ock
di agr am of 23 PERfedes the; éatéh 3ty packets, t?\rmggh éxe qd&dter ng?,ne{?RC
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encoderg 3 e 1] I e Sl | t he
encodod da Which FSTYSANANY, elcdiisNAE I ErbbulEs the enBidid it

PCT/ US98/ 2packet to symbol repeater 918. Symbol repeater 918 repeatsythe symbols wipgut s t he

encoded s yfHeOercoed" ddta igabRE KO tRhEY itsgox%vsdm%t st BAbbREAte at thd the
" output of synbol repeater 316 raggardle s of the data rdate of the_ data

packet . Theulpaiedsymhed rgpeaten P8 regardless of dhe data satecalhe repentedhidata
reorders tRe: %y fo BIMkRnEAIER2r 9% WRIGH kesPaets Hd SyfBolDitihOthd MOD)

Wt i rookAPSalse A AR PO RCI ORISR A 18 preilotsy NPT e, 330
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L
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Walsh covered data is provided to gain adjust 934 which amplifies the data
with the desired gain setting for the code channel. The outputs from Walsh
modulators 930 are provided to complex PN spreader 940 which spreads the
Walsh covered data with the long PN code and the short PN codes. The
20 modulated data is provided to transmitter 236 (see FIG. 2) which filters,
modulates, and amplifies the signal. The modulated signal is routed
through duplexer 204 and transmitted from antenna 202 on the reverse link
through signal path 12. A more detailed description of the reverse link
architecture can be obtained from the aforementioned U.S. Patent
25  Application No. 08/654,443.
In the second embodiment, the reverse link is defined in accordance
with the IS-95A standard. In essence, the reverse link transmission by
remote station 6 is defined in accordance with the temporal offset of a
common long PN sequence generator. At two differing offsets the resulting
30 modulation sequences are uncorrelated. The offset of each remote station 6
is determined in accordance with a unique numerical identification of the
remote station 6, which in the exemplary embodiment of an IS-95A remote
station 6 is the electronic serial number (ESN). Thus, each remote station 6
transmits on one uncorrelated reverse link channel determined in

35 accordance with its unique electronic serial number.

The reverse link structure of the second embodiment is fully
described in the aforementioned U.S. Patent No. 4,901,307. In summary, the
data packets are provided by data source 230 to encoder 232 which encodes
the data packets with a CRC block code and a convolutional code. The



routed through dupl exer 128 and transmtted from antenna 130 on the 15
forward |ink through signal path 10. A bl ock diagram of an
alternati veVAd®¥&$3tor 124b is shown in FIG 4. In this BEHYSISRINS,
data source 120 provi des data packetsi1po two encoders 122 whi ch encode
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control &Rcaded dafz isTepeatesoiqumaintain 2 nensiant isymbed datexregardiess i 4be t he
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de5| red anpl i tude The scal ed data from Wal sh nodul ators 420a and 420b
are rovided to sumer 426 which suns the two signals and provides the
resul tantﬂ)'5| grﬁ?@é%@%%ﬂaﬁﬁmbql%o The pilot and control data are

provided to multiplexer (MJX) 412 which tine nmultiplexes the two data 30

d I d . th
data to obtai %“-’?hee‘??‘% ?fe ofR diagtafil tlisitdting e iR A8kbAARNRY "
conpllfx the reggivedppigaal 48(5h0Wﬂ in FIG. Wt H‘hﬁ digitres Inandi @ basebasd, the
data fr orﬁg@alg fﬁhﬁnﬁé&nﬂéﬁs‘ﬁ or 2068 Gpﬂﬁfi'dé& t8U blapki &f éoA%l%&ogéﬂ@:l&?*?d and

it i pl | GACRASIEEATY Gaarchy astiBh 0 & clFfpAPat oAl pRdh SHBatihiAmeqUence
from mul tsoplra:ee Ideﬂt!éaoﬁraddtfﬁrbnpltrmﬁnfksﬂm from andiffer2et ﬁd@ﬁﬁ*@? de{\ﬁc@lat a
i 1 pl SRS SIS orel BB e PReekahiy sigmals ot Cropread el act s
t he dat pdheghonti PNIpand PNQ 2odes bynmnbiplignsu620f Tinel shoti BNI 488h PNQ
PCT/ US98/c4dik3within each correlator 610 can have a unique offset corresponding to
the propagation delay experienced by the signal being demodulated by that
correlator 610. The short PN despread data is decovered by multipliers 622
with the Walsh code assigned to the traffic channel being received by the
20 correlator 610. The decovered data is provided to filters 624 which
accumulate the energy of the decovered data over a Walsh symbol period.
The short PN déspread data from multipliers 620 also contains the
pilot signal. In the exemplary embodiment, at the source device, the pilot
signal is covered with the all zero sequence corresponding to Walsh code 0.
25 In the alternative embodiment, the pilot signal is covered with an
orthogonal pilot sequence as described in copending U.S. Patent Application
Serial No. 08/925521, entitled "METHOD AND APPARATUS FOR
PROVIDING ORTHOGONAL SPOT BEAMS, SECTORS, AND PICOCELLS",
filed September 8, 1997, assigned to the assignee of the present invention
30 and incorporated by reference herein. The short PN despread data is
provided to pilot correlator 626 which perform pilot decovering, symbol
accumulation, and lowpass filtering of the despread data to remove the
signals from other orthogonal channels (e.g. the traffic channels, paging
channels, access channels, and power control channel) transmitted by the
35 source device. If the pilot is covered with Walsh code 0, no Walsh
decovering is necessary to obtain the pilot signal.
A block diagram of an exemplary pilot correlator 626 is shown in
FIG..7. The despread data from multiplier 620 is provided to multiplier 712
which decovers the despread data with the pilot Walsh sequence. In the
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the CRC ch&&iorangprrespongding)i 9 ofbe | Jilteredi dlata + HEMBRbCRE d E‘a V&<t a si nk
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]E Ihre st etk rrg,earlt prov1 es gcs&:éjx{ed DeaPl1%allie 38 WohHinSBAY! MeNts. In the
20 The pilot signal from each correlator 610 reflects the signal strength of

the signal path received by that correlator 610. Dot product circuit 630
multiplies the amplitude of the vector corresponding to the filtered data
symbols, the amplitude of the vector corresponding to the filtered pilot
signal, and the cosine of the angle between the vectors. Thus, the output
25 from dot product circuit 630 corresponds to the energy of the received data
symbol. The cosine of the angle between the vectors (e.g., the angle of the
pilot minus the angle of the traffic) weighs the output in accordance with

the noise in both pilot and traffic vectors.
Combiner 640 receives the scalar values from each correlator 610
30  which has been assigned to a signal path and combines the scalar values. In
the exemplary embodiment, combiner 640 coherently combines the scalar
values for each received symbol. An exemplary embodiment of combiner
640 is described in detail in U.S. Patent No. 5,109,390, entitled "DIVERSITY
RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM", assigned to the
35 assignee of the present invention and incorporated by reference herein.
Coherent combination takes into account the sign of the scalar output from
each correlator 610 and results in the maximal ratio combining of the
received symbols from different signal paths. The combined scalar value
from combiner 640 is represented as an m-bit soft decision value for



enbodi nent, the reverse link transm ssion can occur over nultiple
ort hogonal code channels simlar to the structure used for the forward

link. WR96¥pl ary enmbodi ment of a renote transm ssi onPETASER4MS ch
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repeat er fdd@iveebsighal froen fijtetob624.Wi t h t he encoded data packet N err]
times to provide a constant synbol rate at the out put of synbol
repeater 918 regardless of the data rate. The repeated data IS provided”

to bl gk Mterlegagnm&mofm@grs the synbols within the 10 repeated
data and provides the interleaved data to nodul ator (MOD) 234.

Wthin nodul ator 234, the interleaved data from each channel encoder
910 i s provi de¥Vith #heankiRG chegk sherdegmation ideviewistable to getermaing 930,
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methods are extensions of the present invention and are within the scope of
the present invention.
In the first embodiment, the destination device acknowledges every
20 received packet and sends an ACK message back to the source device if the
packet is received correctly or a NACK message if the packet is received in
error. For each transmitted packet, the source device monitors the ACK and
NACK messages and retransmits the packets received in error. In this
embodiment, the source device can retransmit a packet if an ACK or NACK
25 message for that packet is not received within a predetermined time period.
Furthermore, the source device can terminate the retransmission of a packet
if an ACK or NACK message is not received after a predetermined number
of retransmissions.
In the second embodiment, the destination device acknowledges
30 every received packet with an ACK or NACK message as in the first
embodiment. The messages are sent by the destination device in an ordered
manner to the source device. Therefore, if the source device recognizes that
a message has not been received for a packet, the source device retransmits
that packet. For example, if the source device receives a message for packet
35 i+l but has not received a message for packet i, then the source device
realizes that either packet i or the message for packet i was not received
properly. Therefore, the source device retransmits packet i. The second
embodiment is an extension of the first embodiment which can be used to
speed up the retransmission process.



nodul at ors 930 ,are provided to conplex PN spreader 940 which spreads the
Wal sh covere ith the ong PN code and the short PN co
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accordance with a unique nurerical identification of-the r enot e
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station 6 IV.thBDath Betrvansimissioni al nunber (ESN). Thus, each renote station
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comprises the identical code symbols which were transmitted previously. In
the alternative embodiment, the retransmitted packet comprises new code
symbols.
A block diagram of an exemplary convolutional encoder 314 of the
20 present invention is shown in FIG. 5. In the exemplary embodiment,
convolutional encoder 314 is a constraint length K=9 encoder, although
other constraint lengths can also be utilized. The input bits are provided to
(K-1) delay elements 512. The outputs from selected delay elements 512 are
provided to a set of summers 514 which perform modulo two addition of
25  the inputs to provide the generator output. For each summer 514, the delay
elements 512 are selected based on a polynomial which is carefully chosen
for high performance.
In the exemplary embodiment wherein the retransmitted packet
comprises the identical code symbols which were transmitted previously,
30 convolutional encoder 314 is designed for the necessary code rate. For
example, for a rate 1/2 convolutional encoder 314, only two generators (e.g.,
g0 and gl from summers 514a and 514b, respectively) are necessary and the
remaining generators can be omitted. At the receiver, the code symbols for
the retransmitted packets can be combined with the corresponding code
35 symbols from prior transmissions or can replace those prior transmitted
symbols. The increased energy from symbol accumulation results in
improved decoding performance at the receiver.
In the alternative embodiment wherein the retransmitted packet
comprises new code symbols which may not have been transmitted
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the received codes symbols from generators g0, gl, and g2 using rate 1/3.
Similarly, if the accumulated packet is decoded in error, an additional

20 retransmitted packet comprising codes symbols from generator g3 can be
transmitted and the Viterbi decoder would decode the accumulated packet
comprising codes symbols from generators g0, g1, g2 and g3 using rate 1/4.
The lower code rates provide enhanced error correcting capabilities over the
original rate 1/2.

25 Other code rates can also be generated by using punctured codes and
are within the scope of the present invention. Punctured codes are
thoroughly treated by J. Cain, G. Clark, and J. Geist in “Punctured
Convolutional Codes of Rate (n-1)/n and Simplified Maximum Likelihood
Decoding,” IEEE Transaction on Information Theory, IT-25, pgs. 97-100, Jan.

30 1979. As an example, the original transmission can comprise the code
symbols from generators g0 and gl for rate 1/2 and the retransmission can
comprise code symbols from generators g2 and g3 which have been
punctured to rate 3/4. The accumulated packet from both transmissions
would comprise code symbols from generators g0, gl, g2 and g3 having a

35 punctured rate 3/10. Puncturing reduces the number of code symbols to be
retransmitted but also reduces the error correcting capability of the
convolutional code.

In communication systems wherein the symbol rate can not be
increased to accommodate the additional retransmitted symbols, the source
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decovers the despread data with the pilot Walsh sequence. In_ the
PCT/ US98/ 24¢vise can chapge the gpde émoqﬁ thergonvohational gnopges (o degtrase dhe

cor r espondgubtbefébs Bode syhftidds Aeed@IVBNEthe HeRepaRkét)OTRBAsaERGURN @BTeand be
utilized and are within tge%soeofthe esent i ventlonl. Th

decover ed ﬁﬂ[“goﬁscaﬁ‘r B?ﬁ%l@ﬁ usgd for th pelzanspittag, PACKE A1 example, ﬁegata
exenpl ary pecitet donmeprising 10D dlits Tandsecetioedatiaiontikhliyonding laatats 1/Reodeadover ed
e a5 Bkl SSESbAe ol To Ghkahenld S hARRSRRNED hel b8 °°
provi ded t transmyssson df htrew packethtiemew pdcket ears belencdded with reerate 8/4oi se.
The out put S ' r4.s - pi |

Thé two coSelerea i pis beheiebivn of SBIRASHBIR, PIRS vef{aififly, 128

pi | ot si gngpdesymbils ¢an canptisel thearetyarisohistedr pagkebvi ded t o dot. product
circuit 6307k 0, r foft rSyn Bed
el s e o el e ot e 2
circui tV63 ’ 1Y repR@PSIHE 8t aPFrate SPIw In ghgopogEata
entitled " Bidr@iErCSitideHRe tbde REE iPidebkdased;| Rhighbt opesatirgnEg)/Ii,ds thebatsdgi gnee
of the present. invention . and incorpprgted by referepce herein. Dot
product ci F%‘lﬂlfecg% A r}élﬂ sﬂ‘Fh\%ameCleVEﬁt rpﬁq?ﬁ'ﬁgﬂ%dﬁ%?e t TP PR e g
dat a synbopowierdevelecarebe adjusted such dspiothti Bgof eadtheymbiol ds ducrensast tei gnal
mul tipli esrﬁﬂ%ﬂtﬁf{p %&g&uﬁ;tetﬁgel of ¥gﬁ5?15§ncgndTRESOVs'cﬂgl%ea i 'e@BSéiaﬁ§a' ar

val ue to conbi ner
15  useful to avoid additional delay when the data rate of the new packet is at

full rate.

The source device can retransmit the packet received in error in one
of many embodiments. In the first embodiment, the retransmission is
achieved by substituting the repeated symbols for the new packet with the

20 code symbols for the retransmitted packet. For example, if there are 384
symbols in a frame and 288 of the symbols are repeated, then these 288
symbols can be used for the code symbols for the retransmitted packet. At
least 96 symbols are reserved for the code symbols for the new packet. If the
retransmitted packet improves the decoding by the destination device and

25 results in an error free data packet, then the retransmission does not degrade
the throughput rate even in the presence of errors in the channel.

The probability of a packet received in error is dependent on the
quality, as measured by the energy-per-bit-to-noise-plus-interference ratio
(Es/Ly), of the received signal and the variation of the signal quality over

30 time. The energy-per-bit E; is determined by the amount of energy received
over a symbol period. If the repeated symbols are used for the code symbols
for the retransmitted packet, the symbol periods for the new symbols and the
retransmitted symbols are shortened correspondingly. If the transmission
power is maintained at the same level by the source device, the Eg will be

35 lower for each new and retransmitted symbol and can result in a higher
error rate. To maintain the same Eg over a shorter symbol period, the

transmission power level of the symbols is increased. In fact, the
transmission power level can be increased such that the E is higher than



20 The pilot signal fromeach correlator 610 reflects the signal
strength of the signal path received by that correlator 610. Dot
product ci WQ¥26310 mul tiplies the anplitude of the vec®P&A/USI8/124155
corresponding to the filtered data 16 synbols, the anplitude of the vector
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bet ween nominak tocompensate faretheuloss tin Aimef diversity thatb gestltsc fromuino630
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eachlGor peafarrsd embodizaente dhettsansmissionrpawer lavel jis adjusted siechothate

r ecei vedtlsy Ep bdisther metratishfiittednsymbgisais Joatdrsthahhthat wfitheetewcsimboléal ue
from con?i ner 640 i?hr%Prese.nt.ed as _an bit sc&lt deci si qQn \C/lal ue, for
PCT/ US98 ga%gmore, e transmission power leve for the retrapgmitte sﬁﬁ%‘?@?&nt
denodul atarobe aetchtdarcsdi . abdvee gof inid@miadi lewel slitte sthay the enengiyoof tasl to -
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The minimum transmission power level for the retransmitted

symbols can be computed as follows. First, the communication system
determines the E./I, required for the requisite level of performance. The

20 required E;/I, is approximately equal to an Eg/I, set point maintained by the
power control loop. The power control loop adjusts the transmission power
to maintain the quality of the received signal at the E /1, set point. Second,

the destination device can measure the signal-to-noise-plus-interference
S S
ratio ———== of the received signal. From ————=—, the E./I, of the
J§? + N? & V5t + N? /o

25 received packet can be calculated. An exemplary embodiment for measuring
the E;/I, in a spread spectrum communication system is described in detail
in U.S. Patent Application Serial No. 08/722,763, entitted "METHOD AND
APPARATUS FOR MEASURING LINK QUALITY IN A SPREAD
SPECTRUM COMMUNICATION SYSTEM", filed September 27, 1996,

30 assigned to the assignee of the present invention and incorporated by

reference herein. The destination device can then compute the additional
energy-per-bit Eg from the subsequent retransmission (assuming the same I,)

required to increase the measured E;/I, of the received signal to the required
Eg/l, The information (e.g. the additional Eg) can be transmitted to the
35 source device which adjusts the transmission gain of the retransmitted
symbols to obtain the additional Eg required by the destination device. For
each retransmission, the destination device can update the received E /I, for



transmtted by the source device, the dot product is not perforned.

Conbi ner 640 _sinply conbi nes the nmeasured anplitude (or energ of t

recei ved si gﬁ’%ﬁ%ﬁ filters 624. 10 111. Acknow edgnent ﬁ“ﬂyé%ﬁﬁuiﬁ
Wth the CRC check, the destination deuviyce is able to detern ne whet her

the data packet was received in a condition capable of correction b
t he Vit er bthelacauanlated symbols: eThatddshingtivnodeviee ccapf them gedsanpute phet ocol s

15 can beratafifed 8d&RIHNADE, ifther Ricoa RS reshlfinRaphdies ekreei ved in error.
The follow ng enbodi nents |ist sonme of the methods_that ca bf used.

Qt her met holfs the presentisyentions symboprepetition i drrformesh @ty df e ni n
E Ee 3 cope atﬁ’_ca rate bhﬁl@;ﬁ&%&f‘is\/&%’%ﬁﬁ"d Rl rate.z%f the data i'iletfbf?tlf(é fléiv pﬁ@@dij”ent :
ACK moebagB BRRIE gainclGer - B0, TeBed ABTbOT SRRy CAS PearFedor
corL ectly ﬁétrméiﬁﬁ&d 'C)E‘leﬁﬁaﬂfé iﬁackétef&?wai- inS efReil VEtkrefore, 'che(r]I peogsenkor
each transmtt acket,. the source device nonitors t ACK and .. . NACK
hessages. aMVPHOPERGH P dmplemBRid f PERBRARY With Appiier (i gmission
enbodi nent protoeokaiua highdeliyee. Cre swily sceme is thackdip fifik grrof@iol RLRACK 25
message f ot t:hat:.p [ t 1&0g0I 1 1 hi d l,ne E,mgh eriod.
Furt her nor é\{ﬁl elss%l%}&g% g’gvﬁ:%e I%%?t%t?%d#ﬁ'e 'F%é;‘ gé?r%ﬁ(g%mggﬁ gﬁid f agpac ket
i f an MK Sransxdssionsefdhe new ndata packel, tel allpwe retyansmissian mfribe p
of retransgrhiaccég',(gi@n error. In the second enbodi ment, the destination
ges 3 every r

devi ce acknow e ecei ved packet with an ACK or NACK nessage
as in the firstin the e?ﬂ?@&dnﬁmbom%sstgﬁeé’a&két SETEIVR t Be 8EOTi d8ti on

device in petrongiRitRd on anNBAAAItidrult Redeothatneddeviieh Tibeaohdilsle ifbrt he
source device recaq ssage has nhot been recei

acket, -t hEOSTRERORe 0T dbe; BETIRMIAR Sevice 't CHE FRORE. SPRREERahb HS1 1 the
sour celdlevieodadinenteis thatithes agrahamigsiok edf e packetbrrceheesl motemrecdsved a
message f Olim?%%ﬁ%fenit of ttﬂ% @ra"n@ﬁxigﬁpﬁ O5t #8VAGF packet.” ‘Pg&le%&%, tRatfhbRE"
packet i or tFHe message for packet i was not Tecelve
of repetitions, the power level, and the code rate do not need to be changed
to accommodate the retransmission. Furthermore, the second embodiment
allows the source device to retransmit even if the new packet is a full rate
20 frame (i.e. when no code symbols are repeated in the frame). An additional
advantage of the second embodiment is the ease of placing the additional
code channel on a quadrature channel from the regular traffic channel to
reduce the peak to average amplitude variation which can degrade the
system performance. The pilot channel, the regular traffic channel, the
25 power control channel, and the additional code channel can be organized to
balance the I and the Q channels in the QPSK or OQPSK modulation.

The various modes of data retransmission described above can be
used for retransmission of an entire packet or a partial packet. For some
communication systems, it may be possible to monitor the quality of

30 transmission link over the duration of a packet. In the exemplary
embodiment, the link quality can be monitored by measuring E/I, in the
manner described in the aforementioned U.S. Patent Application Serial No.
08/722,763. In this case, it may be more economical to retransmit only the
portion of the packet corresponding to the time period when the

35 transmission link quality is poor (e.g., below a predetermined threshold).
An indication of the time duration wherein the link quality is poor can be
transmitted to the source which then retransmits only that portion of the
packet corresponding to the noted time duration. The retransmission of



properly. Therefore, the source device retransmits packet i. The second
enbodi nent is an extension of the first enbodi nent which can be used to.

speed up t MO P63Unsni ssi on process. PCT/ US98/ 24 PST/US98/24155

13 In the third enbodi nent,1g he destination device acknow edges
only packets which are received in error with the NACK nessages. The
source the q:w:keb mueivedetinansnort ssadestribetl above, NixCHppiissblge fors datcei ved.
The s'i'ﬁ‘% Ker- TR nessage (e.g., if a b
retransm ssi o gﬁﬁn&@ﬂt\)ggﬂ recdelﬁéieﬁ cor%‘éécl?ﬁy ter a predetermned tine
peri od) . From thepabgvredisgussionsisym oloaccumu ation tase usgdnin dhjs

enbodi rreg;semﬁéatﬁnp?éf&ﬁt to'BHe a@&ﬁhﬂmldm of'the renei‘%f of a traﬁﬁﬁ’iés'i'tgi St devi ce

tran a NA‘%‘; e back t he source devi
r eceiveddfi? B3 Fvﬁ‘gthafﬂ% ef‘éf%ﬁ ARE1QIIMOSE Ietrassgsigns rof 4 %XP or
packet |pattlui patrkee NtS¥mboE aetumiulaticnbaRaussfers tanthe Eé@i:ﬁu@éﬁm bfle
packet identh d |nberro IS nhetr %Qtte n th curregt E
mi ni m ze' CS o 81(%? ngt @‘mﬂlﬁﬂ F?@‘ﬁf‘ Phec0 e!
r et r ansmymbdlspand ensmg themqme sodettate)i aimuhttheadccumielasxy)m)«df sdiffereht wer e
transmt t he

E?@e 8{&% H‘mterleﬁxl;iﬁ azl dd3 h@ﬁlé %%W f'H%Qé) " A bl ock

retrgnsmited pac I 1566 newo
di agram of an exerrpl ary convol utlonal encoder 314 of the 20 present

et oG = BRI e TR, ST T o
ot her constraint |lengths can also be utilized. The input bi ts are provided
to If error correcting coding is used for data transmission, full
retransmission of the packet received in error is not required to correctly
15 decode the packet. In the present invention, the destination device decodes
the received packet and performs the CRC check to determine whether the
packet was received in error. If the packet was received in error, the symbols
which comprised the packet received in error are stored for subsequent
decoding. In the exemplary embodiment, the storage can be implemented
20 using a storage element or one of any number of memory devices that are
known in the art, such as RAM memory devices, latches, or other types of
memory devices.
The source device retransmits the packet received in error in one of
the methods described above. The destination device receives the
25 retransmitted packet, accumulates energy of the retransmitted packet with
the energy already accumulated for the packet received in error, and decodes
the accumulated packet. The additional energy of the retransmitted packet
increases the likelihood that the accumulated packet can be decoded
correctly. The probability of error of the accumulated packet is typically
30 substantially less than the original received packet since a large amount of
energy may have been accumulated from the original transmission and the
retransmissions.
In the exemplary embodiment, the energy accumulation is performed
on a symbol by symbol basis. For each symbol, the combined scalar value
35 (from combiner 640) of the retransmitted symbol is coherently combined
with the scalar value which has been accumulated for this data symbol. The
accumulation can be accomplished with an arithmetic logic unit (ALU), a
microprocessor, a digital signal processor (DSP), or other devices
programmed or designed to perform the functions disclosed herein. Again,



(K-1) delay elenments 512. The outputs from selected delay el enents 512 are
~provided to a set of sumers 514 which perform nodulo two addition of 25
the inputs t YQPWRBUe the generator output. For each sunmer SEYT/USRRRALE oy
el enents 512 are selected based on a pojgynom al which is carefully chosen
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perfornance at ty[ﬂeti‘F’é?@ ry em odiment, ﬁ‘et Accumlated sealar g{pﬁ%%edi%@ﬁ?be °
wher ﬁi nt Bﬁnmeitpﬁﬂmdi t‘bdgrepamklsequent cdeprodadatiorw amdle degotlivigs whiThle may
not have been transmitt PCT/ US98/ st PRI
14 - pr e\ﬂc‘dﬁ%‘l‘@%"—?o%?gﬁfu‘ﬁl&ﬁa?f %%C@oa%lﬁgtjiglgsgogésﬁléﬁlﬁéo@ tV Shi)er 8’\7 ult‘::lt'al 1(:Sode
synmbol 40  typicallgrepresentedeasrart sebit Rigred: intiegero ThHeGsoft detisioramaksesnarear y
rate 1/2 eveﬁﬂfh‘i?ﬂ%&f)s (Ig Eﬁ‘?ﬂg%i Fbdef 384 61 BELodihk. MBS \detfdrthdrie

output code _ S o] .g,, fromgenerators g0 and gl). e original
transni ssi & Viserbs deseder $15£15t1ﬁé1u@6§%d dyribesl %umgﬁr tc;}gngﬁ' fnd fBe 1apge ofate
(e.g., codanhgyphUeidibR Walues. BYReifRhNY, &R cabh code beandgithe branch hletidd s
packet i s re?elved in error,

t he retransm tted ket [ th
code symbol@GHBHORE KEMRAERR thg sPE decisigh; ¥ “ﬁ%v@r n@‘?‘g lfg)gﬁc%ggﬁg 2?0[ If’i‘g ©
previ ousl y expegted ganertatabtaing? bamtdhomegdy. The branch metric are then used

to defined the maximal likelihood path which results in the decoded bits.

As energy is accumulated for each symbol from the retransmissions,
the soft decision values have tendency to increase in value. Therefore, it
may be necessary to rescale the soft decision values with a gain factor Ay

20 Dbefore Viterbi decoding. Because the soft decision values are derived from
an accumulation of energy from multiple transmission and
retransmissions, it is preferable to maintain A,=1.0. As the soft decision
value increases, the confidence in the correctness of that symbol increases.
Rescaling the soft decision value to a smaller value to fit within a range can

25 introduce quantization error and other errors. However, other system
factors (e.g. B/, of the received signal) may dictate that the soft decision
values be rescaled for an improved performance. In the exemplary
embodiment, the scaling can be performed with an arithmetic logic unit
(ALU), a microprocessor, a digital signal processor (DSP), or other devices

30 programmed or designed to perform the function disclosed herein.

Since the branch metric calculation circuit within Viterbi decoder 814
is typically designed with a predetermined number of bits, it is probably
necessary to clip the soft decision values. To maintain accuracy, the
accumulated scalar values can be stored as unclipped values and the clipping

35 can be done prior to the Viterbi decoding step.

In a system architecture wherein the pilot signal is not transmitted
concurrently with the data transmission, the combination of the data
symbols from the transmission and retransmissions is accomplished by
another embodiment. An example of such architecture is the reverse link



At the receiver, the code synbols for the retransmtted packets are 10

I nterl eaved (not conbi ned) with the correspondi ng code synbols from pri or
transm ssi 88992688 Viterbi decoder then decodes the accunul RCTAISRKSS
(conprising the code synbols fromthgz(;ransrritted and retransmtted
packets) using a code rate corresponding to the accunul ated packet. As an
exanpl e, impiementdiiorovigichatortforms niostiecIS-95A | stmedardat & i8/prefurdbleheo Vi t er bi

pecker . BecuBhlidl th s 0N SOAAL Go Wk siERTLERROME {5{ S BBE e e
code thg, rereived sigmalfendtt dhedegtinationt dewce,a’dm em¢rgy\5 tofrthie desiveter woul d

decode mgnhh Sgeﬁ@ fé?ihr@ﬁ‘ﬁﬁ?dsfé z{r{ ‘Bg‘ Oéﬁexgﬁle g%%pf%ﬁﬂu{g using

rate he acc deco In er an

addi t on&Tlch(She lg{\gglélglnq:qc{ee st@ esgy erntl'g%ner at or
g3 Canl btﬁecglved il dahebe @6ghp) d%@d\ér}jcf'rr@ rénl‘gﬁlf%?;as B’P¢I¢Ecg’gﬁ1&hﬁle L a2
accunul at e rlSI codes s from gener gt or g g
and g3 ug‘?ﬁ‘?b‘?ﬁfgf"&nf} ¥ preéa'ﬂ.gx \/F_.lﬂﬂié’ P Ehepm'f\?rg? %geg[%So '
correct i Ny isappproxitatalyoequal lte +/S? 4oNFf gi nBhus atthelld%stxﬁEtlon devi€d her
code rat usi.n ar

i gt e aAeRed InPRHE YRR eftn Bl Rt SBIb, B8R pissiond
thorlﬁughﬂscqi‘dt!ﬁ tajtheequationin, G Cdark, and J. Geist in "Punctured

Convol utional Codes of Rate (n-1)/n and Sinplified Maximum Li kel i hood
Decodi ng, " | EEE Transaction on Information Theory, IT-25, pgs. 97-100, Jan.
30 1979. As gn_ afl_ elsll)l’_g_l nal transm ssion can conprise jhe code
synbol s from gmii,vj % for rate 1/2 and the retransniSsion can
conpri se code synbol* mgener tors g2 and g3 whi ch have been

punctured to rate 3/4. The accunul ated packet from both transm ssions

woul d co se c¢ode synbol s from generators gQ, 2_and g3 having a 35
punct ur eg’q}eé? &1 % the adoymulatad sralargvalue f Phéhmwrﬁ}émb@g mrsofg 0
ret remsmyd Egsﬂ:lég 31%h§pfcfreiﬂ@c1éss§1nﬁoﬁr 5P{hecgh rtxea%hﬁg?lgﬁpalm id I:ﬁ'e { 1hhe
convol uti onal onmmuni cation s ent &r €l n-the synbol

rate canvabte tfeom ﬁltern&lbefeedt}teo iac spmbmdsat ef tthe 2} chransmé?dsmixe,t ramsm tted
symbol s, (‘U FEL 5P L)r ffthe total energy of the received signal for the " transmission.
J

5; can be approximated with the scalar value IEUI from filter 624. Also,

§*+N* can be measured for each data transmission or retransmission.
20 From equation (1) the scalar value of each symbol in the packet is scaled by
the gain G= (\/ §*+ Nz) before accumulation.

i
. In the present invention, the total energy vS*+N? of the received
signal can be computed on a frame-by-frame basis or on a symbol-by-symbol
basis. Symbol-by-symbol basis allows the destination device to adjust the
25 gain of each symbol to take into account fast changes in the channel
condition.

In the present invention, the accumulation of the energy from
additional retransmissions allows the destination device to correctly decode
the packets received in error. The retransmission allows the

30 communication system to operate at a higher frame-error-rate (FER) than
nominal because of the ability to correctly decode the packets with a
minimal expenditure of system resource, thereby improving the reliability
of the data transmission and possibly increasing the capacity of the system.
Furthermore, the retransmission at a subsequent time provides time

35 diversity and improves the reliability of the data transmission. However,
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change t he code rate of the convol uti onal encoder to decrease the

number of co¥296Hbl s needed for the new packet. The savi ngPCR/USSRRASS

symbol s can then be used for the retransnmtted packet. For exanple, a data

packet conprising 192 bits can be encoded nomnally using a rate 1/2 code

to 5 gen®paraiggat sddghery FEBI neceSsitates the seiransmissiket of anote packéty wit h

t he be encoded with a
e ANEH ﬁﬁﬂr@u{}e‘ﬁ\ ﬁgw ?f%?tthe EB&H&M&&;}K%% M

rate 3/4 resu t| generatl on e synbols. The
remai ning 128 epl@&ﬂél apéloeaqf therprefersed pmbogdimentsnist prayided et .
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adj us ible to qgpe ol repe I n e noni na
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i's probablthose skilleduirr eite taet, rmldnﬂ? gehéiic @ﬁtﬁﬁu l@% Qiefﬁfedpﬁéfééﬁ bfeThe ]
transm ssi el,. can, be S suc at. t he erri eac
syrbol |sa¥)£%1FgatsgD§¥k?e6 S OimgRs r‘(‘”ﬁ\é‘l iﬁ%l%ﬁet ef | 9e‘F‘V8fu fartihce.
Thi s scherfduiss Hepepieatnty ifGentiomf Uik hot anstierdedditdi duealhrriftééy tehe¢het he
data rate ful t rce
devi ce can(ﬁﬁ e(Hh;nneg E%N K%teréx.ﬁt lﬁ'{trlgécélb\?ea c#rr%fegﬁxgrw%esg ReoPe ng&?tse%gny
enmbodifenith |themmqplesanémml features: dhisclosed dnegeinssi on i s achi eved
by substituting the repeated synbols for the new packet with the 20 code
synbol s f%t(ﬁ? i@transmtted packet. For exanple, if there are 384
synbol s i AM: and 288 of the synbol s are repeated, then these 288

synbol s can be used for the code synbols for the retransmtted packet. At
| east 96 synbols are reserved for the code synbols for the new packet. If

t he retransmtted packet inproves the decoding by the destination
device and 25 results in an error free data packet, then the
retransm ssi on does not degrade t he throughput rate even in the

presence of errors in the channel.



The probability of a packet received in error is dependent on the

quality, as neasured by the energy-per-bit-to-noise-plus-interference ratio
(E[err]/| [ YOP¥2638 the received signal and the variation ofPGI/ESI8R4A58
quality over 30 tinme. The energy-perz2dit Eferr] is-determned- by—+he

anount of energy received over a synbol period, |f the r epeat

synbol s are used for the code synbols for the ”!m tul ket,

t he synbol periods for the new syr@RAIMISI t he rrbol S
are shortened correspondingly. If the transm ssion povver i S mii ntai ned

at the sanme | evel by the source device, the E[err] will be 35 |ower for
each new and Let r adsmethedifendenodingd deda pagkell compriging thesteps of er r or

rate.p To mai nh?dtr}etcfﬁzl;lz?"égt{%ﬁgis]51&¥ If Aid laatd écl@fgg%btﬂﬁ 'aofEceNEH

transm ssi povver synmbol s I's |nc ease act,
t ransni sBRGEtpower | evel can be increased such that the E[err] |s h| gher

than 4 seconacﬂ'édéﬁﬁﬁgzétlﬁast one retransmijssion of said data packet to 16
nom nal tgt cor ensat e oss in tine diversity that results from not

repeatin§ TEAR glngcteé)pacﬂets, The transmi ssion power |evel can be
i ncremsed by abtmimahairgreaid receivetiopadidet withy saitl retransmsited tptkesntol s, or

by di ffe5§%g%%g0#§&h§hull{g le%'tcaehds i s determ ned by system

consi dera Rem=a<T8h power level is i ncreased
suffi&iently flecoding said aenwnulatteﬁhpayh&iol s, the destination device can
decode the retransmtted packet w thout regard to the original packet

whi ch was received_in error. However, her transm ssion paower

consumes syst ém r eJbar aaethedq Qfaﬁlaé@cr]eé@ exeiie &3k éﬁﬁ&a?ﬁf@l‘ﬂ?g IStfR he 10
pr ef €2 r edoipeizds RO Ete thﬂ .transm ssion power |evel is adjusted such that

Synbol o CApAeIRtHE At ledst Ofie BB st P SBb raBRURSIpg, of i datd
r et r ahsnpacket teyohtainsfirst pilot aigriabs aved fiast filteredi dptt Isymdinds;e t he ni ni mal
level such th?ﬁerfoli]ﬁliﬁgeé Qi'otoiar&:h?ct of said first pilot signals and said first

6 filtered data symbols for each of said at least one signal path to obtain first
scalar values; and
8 combining said first scalar values of said least one signal path to
obtain first combined scalar values; said first combined scalar values
10 comprising said received packet.

3. The method of claim 1 wherein said second receiving step
2 comprises the steps of :
demodulating at least one signal path of said at least one
4 retransmission of said data packet to obtain second pilot signals and second
filtered data symbols;
6 performing a dot product of said second pilot signals and said second
filtered data symbols for each of said at least one signal path to obtain second
8 scalar values; and
combining said second scalar values of said least one signal path to
10 obtain second combined scalar values; said second combined scalar values
comprising said retransmitted packets.

4. The method of claim 1 wherein said accumulating step
2  comprises the steps of :
scaling code symbols of said received packet with a first gain factor;



e

retransm tted synbols, when conbined with the energy al readﬁ 15

SRR . ey t?lﬁﬂlLﬂﬂWlﬂﬂﬂlm Al .

| evel for the retransmtted symbol28 can *be ‘cohp uted as follows. First,
the co ni cation_syst deternmines the Eferr /I[ |redfor the
requi site | evel S%?fl“}ﬁe?q‘gr%ﬂﬂ’é%ls OfﬁédZG? ?lélcﬁﬁrra@é aﬁ{‘f ﬁﬁ second

appr oxi mat (ghm fetexs; &Ad an E[err]/ 10 set point maint al ned by t he power
control .l oOp. The_ power cqtro Ioo adj st t he. tr.ans éi\e to
meintai i the quiPFEREE &8 o o 5aid gecFiea eBpdel sy ith e e
Second, symiboks dfes:tid rratransmﬁwi pa:kemtamla&m Saltﬂ‘a:‘ccumulated packet.

S|gnal-to noi se- pl us-i nterference ratio [err] of the received

signal. From [err] the E[err]/I[err] of the [err] 25
recei ved packet Scan Fhecakthddap dlam4evdmmirarsyideﬁmjtcgaimfactbnris defisedi ng

detail eﬁ”’i‘“ﬁ‘fﬁdﬁ“%‘a‘”ﬁﬂr;i&fﬂ’ EEPLRERE o 8 %‘%E%HSS%F@H%%G" ;

NETHOD ANSaid trangpissio Usid-cridveecod g@m faptorzuare PefiredairsRrEARIance
SPECTRUM C@{W\A& ilmoﬁafﬂﬁéaméfdeﬁ% Hleeohen &gnaﬂe,%ﬁsalaoat Rasi gned to
t he assi gnee of resent I nventi on and | ncor po at ed ref erence

her ei n. Théeﬁ'é§§li“h§§ﬂ‘i’%?1 devi ce can then conpute the addltlonal
energy-per-bit E[err] fromthe subsequent retransm ssion (assum' ng t he sane
I [err]) re%ulreﬂ,tom t erresu ed Elert /I errtl5

recei ved signal °to t claigy o} , Yhereify 15aidy, ﬁe?e

- the addZtl(uoaiprﬁ[eelthe}};tepamfbe transmtted to the 35 source devi ce whi ch

adj uste the L r agsghRE U ANY oMbbRo Sl PRI Sttt witPUIRBLE SPsL 2l "

t he additional requl
r et r ansti sge@ﬁnsmﬁte acketsta @bitadresaldeaCCGmMQ@dtIead@b recei ved
E[err]/I[err] for PCT/ US98/ 24155

17
7. The method of claim 1 wherein said accumulating step

2  comprises the steps of :

interleaving symbols of said received packet with symbols of said
4 retransmitted packets to obtain said accumulated packet; and

wherein said decoding step is performed in accordance with a rate of
6 said accumulated packet.

8. The method of claim 1 wherein said at least one retransmission
2 of said data packet is concurrent with a transmission of a second data packet.

9. The method of claim 8 wherein said at least one retransmission
2 of said data packet is achieved by replacing repeated symbols of said second
data packet with code symbols of said data packet.

10. The method of claim 8 wherein said at least one retransmission
2 of said data packet is achieved by encoding said second data packet with a
modified code rate.

11. The method of claim 8 wherein said at least one retransmission
2 of said data packet is achieved by transmitting said data packet on an
additional code channel.



the accunul ated synbols. The destinati o reconpute the
required additional E[err] if the decodi m Imj EEI | I n a packet error.
In the pre¥h383Tention, synbol repeti tli onPET{YSI/RHSS

data rate of the packet is |ess than24ull rate If the data rate for the
new packet 5 is at full rate, there are no_repeated sy ols whi ch can be
used for ¥2:t r aFaeni methnd oof chadmy e wehereir cpady afnsdidr 8 leaficPBEore, the
present retranshiSdibhqs aeaﬂo%rlémk Hb(i't {Harc e unghdmizsivinl h anot her _
retransm ssion protocol at a higher layer. One such schene is the radio
| i nk protocol (RLP) which is defi ned by the 1S-657 standard. The RLP

| ayer can del 33, t hThd Omethoahsofi elaimn12fwheeeinewadatof saikat leastalbonew

ebod neRE Sty By AT Snmal  RERY YETRIL WHER AL allows fop fiebl® *oc0"

addi t i ondécocking of baidrdsta phackdt. i s avail abl e for transm ssi on to the
destination device. One ngjor advantage of thi s 15. enbodinment is that the
retransm ssion of the packet received in error i ndependent . of the

transni ssi on . t hEheanethadkef ¢l am&%w&eéewmdﬁnﬁ@mal energyperaitels t i ons,

the mwecompuedd ifrgbcbhdarkedwithak eredainedt Epdg carid abmeabargb d,/1, of tao
accommdate Ee retLQFsm ssion. Furthernmore, the second enbodi nent

al | ows t FReel suid; Fansmisgithi t even i f the new packet is a full
rate 20 franme (i.e. when no code synbols are repeated in the frame). An

The agart1 onafS, *“1REGHMFoHof ?@Wi\ﬂ%ﬁ?%@@ﬁﬁa&&@mﬁﬁ% ?%381 ar

traffdc comprsed in accordamm teheeqyiead vadhge assymlated Fafloc@f on
whi ch ca N r ACL led , the
regul ar ?bra?‘%':@1 Eﬂgir%ne Sal%lﬁ gﬁg%gﬁegrr%g%t r% € ﬂgnnek E?naddi tional
code channel can be organized to bal ance the | and the Q channel s in

the QPSK or O4ESK TREUKRhER of cla1m 1 whelBih Va@ichOb$ s@d efetRinsititted
retrapsm sa&%n descri bed a r?]]vaqgcad slgq for retransm ssion of an
entire pRBRKEHR'S GPMPTHEF AiRATHIR ﬁ%ﬁelg‘%ﬂ‘r?ac communi cati on systems, it
may be possible to nonitor the quallty of 30 transm ssion |link over the

duration of a ?aCk% e'&uSJf'e ywhereme@Q | SFesdid féi?aﬂ%té&'m ity
can be noni tor ed}é%)éérreasurl n

the a8 or BREKRES Gnbered on a seastly cfa B rralibp gt spjst recelVEY Sacke>crt bed 1

18.  The method of claim 1 wherein decoding step is performed for
2  a constraint length of 9.

'19.  The method of claim 1 wherein decoding step is performed for
2 acoderateof1/2.

20.  An apparatus for decoding a data packet comprising :
2 demodulation means for receiving and demodulating a transmission
of said data packet to obtain a received packet and for receiving and
4 demodulating at least one retransmissions of said data packet to obtain
retransmitted packets;

6 accumulation means for accumulating said retransmitted packets
with said received packet to produce an accumulated packet; and
8 storage means for receiving and storing said received packet and/or

said accumulated packet; and
10 decoding means for receiving and decoding said accumulated packet.



08/722,763. In this case, it may be nore €conomical to retransnit only the

portion of t t corresponding to the m ‘mm\

transm ssi on%#%%gﬁal ity is poor (e.g. WA“‘M ﬂ\ neﬁ/ﬁggesgﬁ%ﬁsd)

An indication of the time duration wheﬂéln the di hk &ua |ty i s poor can be
transmtted to the squrce which smts only that portion of the
packet correspofi ng'ﬁﬂ%aPH%raﬁ‘& Bé%irﬁeﬁ)dfﬂr ‘? FPMRAESet r ansni ssi on of

PCT/ US98/ 24155 scaling means for rece1v1ng and scaling said receivd® packet &ed satket s

d d f
;gf rela\rllgm ;gqtg%ﬁs%ﬂ[e Zﬂag E’ %g%ﬁﬁd rgver‘gekﬁ%g%e% E%Ckg@té‘d scaled

above di scnetmmmﬁtssirpndkeﬁccurml ation as used in this speci f| catl on
UL a%lépéihatséi@n agéuﬁ\ﬁfatf‘dr}?r&\é?ﬂg f’ecEfv%ﬂern%P'&Euﬁfulétef’ saftt a

packet with the energy ransm ssions_of an entire o
partialé pa&ﬂ‘&é@d retyammlttgd Qacketstwish saidssraled raceived R#f&ewﬂmd&cﬁoﬁ%@f

i denti cal 5 g@ﬁ scidthrough addition and/or replacement of code
synbols and using t sanme code rate) and the accunul ati on of different
code synbols (through interleaving and using | ower code rates). 10 V.

Processing of the Rethaa ﬁhfdtﬁﬂo?éﬁmtm further compnbi‘ngerror correcting
codi nge%s used for data transm ssion m ssion 15% packet

)
- receivet in err FANSRUSSAN TREANS ‘E%‘%?"T‘EB‘[ F?’cri%smlgﬁ Gl s I'n
- the presentetrawsnission, of hwaidiekita pricken witlvia erademistien of atlsecomi:eiacm
- packet %md ggftorms the CRC check to determ ne whether the packet was
_ receive §or. 1f the packet was received in error, the synbols

whi ch conprised the packet received in error are stored for subsequent

23.  The apparatus of claim 22 wherein said transmission means
2 adjusts a transmission power of said at least one retransmission of said data
packet to be lower than a transmission power of said transmission of said

4 data packet.




decoding. In the exenplary enbodi nent, the storage can be inplenented 20
using a storage elenent or one of any nunber of nenory devices that are
known in theward9pésuch as RAM nenory devi ces, | atches, or ot harrososesissf
menory devi ces. The source device retransmts the packet
received in error in one of t he met hods descri bed above. The.
destination device receives the 25 retransmtted packet, accumnul ates
energy of the retransmtted packet with t he energy al ready accunul at ed
for the packet received in error, apgl decodes t he accunul at ed packet.
The additional energy of the retransmtted packet i ncreases the

| i keli hood that the accunul ated packet can be decoded correctly. The
probability of error of the accunul ated packet is typically 30
substantially | ess than the original received packet since a | arge anount

of energy may have been accunul ated fromthe original transm ssion and
t he retransm ssi ons. In the exenpl ary enbodi nent, the
energy accumul ation is perforned on a synbol by synbol basis. For each -
synbol, the conbined scal ar value 35 (from conbiner 640) of the
retransmtted synbol is coherently conbi ned wi th the scalar val ue
whi ch has been accunul ated for this data synbol. The accunul ati on can .
be acconplished with an arithnetic logic unit (ALU), a m cr opr ocessor,
a digital signal processor (DSP), or other devices programed or
designed to performthe fu {ons disclosed h in. in,
PCT/ US98/ 24155 coherently
conbi ni ng takes into account of %*™e s |jue. Coher ent
conbi natii on perforns the max | i 0 combi ni signal s
received fromthe transnm sggon @nd r\gtransm ssi ong this regard, the
retransm ssions can b& vi d as the Qutputs fromagditional fingers (or
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5 correlators 610) of a rake receiver. The retransm ssions al so provide
tinme di versi for the data transm ssion. I n t& lary
enbodi nment , H@aéég&nulated scal ar val ue may be mani pul a gaﬁﬁﬁgaﬂgé
subsequent denodul ati on and decoding. The accumnul ated scal ar val ue
of each synbol is a soft decision value which is 10 typically represented
as an mbit signed integer. The soft d?§55i°n val ues are eventual | y

d

provided to Viterbi decoder 814 for de i ng. The performance of
Viterbi decoder 814 is influenced by the nunber of bits and the range of

- - - - -

metric cal cul ati ons conppres the soft decisigh yal yegs for that code
branch to an 15 expgcted vak Jﬁ o|obtaifn a bk an& lﬁﬁri o. The branch
metric are then used to“:jgzned t hg maxi pal i jdod path which
results in the decoded bits. \ ergy s _@acdunul ated for each

synmbol fromthe retransm ssions,
tendency to increase'in val ue
rescal e the soft decision va
Viterbi decoding. Betause tH2
accumul ati on of energy f%

| degi sigpn val ues have
Qe b8 necessary to
f act & é

erfqr] 20 . before
derived from an
ansnis§d o) ) and

retransm ssi ons, itwls pr ef er [ in Alert]#L.0.v As the soft

deci si on val ue\l ncr eases, the confidefce in the riect ness of that
synbol i ncreases. v  Rescal imn eci si on Yo a snaller value
to fit within a rangé can 258{i r dduce quanti zatgonZerrjor and ot her

r] of the received
vallues_he' rescal ed for an

errors. However, other syste Eé actors (e.g.
signal) may dictate that the $0& ¢

~inproved performance, In the gxefplary enbodi t he scaling can be
performed with an artthnetic_legetyunit (ALU), mTicY opr ocessor, a
digital signal processor (DS®)], Sbr |ot her devices%é( E%rcgyanned or desi gned
to performthe function diSC\gséy her ei n. \ i fce the branch
metric calculation cerrcet w thtyp—Viterbi decoder 8t# v is typically
designed with a predet® ed er of bits, it is probably necessary
to clip the soft decisi al ue o maintain accuracy, the
accunul ated scal ar val u&s can be st®red as unclipped val ups and the
clipping 35 can be ddfe prior-to the " Viterbi™ decodi ng sfep. In
a system architecture ein the pilot signal is not transmtted
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concurrently with the data transm ssion, the conbination of the data.
synbols fromthe transm ssion and retransm ssions is acconplished b}/
anot her ent¥APIR8TT An exanpl e of such architecture is the PGTAISIB24155 |

PCT/ US98/ 24155 3/9 20 i mpl enent ati on
whi ch conforns to the I S-95A standard. It is preferable to accumnul at ed
the scal ar values according to the signal-to-noise ratio (S/N) of t he

received signals. At thq_,-‘_]desti nati on .devi ce, the energy S of the desired
signal (e.g. the retranggidted packetzz «<an be conputed after the
despreading 5 wth the @g PN cod@%@ the short PN codes. The total

energy of the recei VB si gnal canglf® conputed and represented as [err].
Si nce the recei ved sanaI is preddm nantly conprised of the
interference (e.g. N>>S), N is afgproxinmately equal to [err]. Thus, the
destination device scal ar values fromthe transm ssion
and retransmni ssi pngy10™ ~ ing Qe équatgyan: - [err]

al

dr value for the i[err]
E©Mesi rd@ gi gnal for the ith synbols
cal ar . value from filter 624 for
andm ssi on, gnd [err] is the total
dar ansm ssi on. [err] can be
Afromfilter 624. Al so,

sm ssign or retransm ssion. 20

(1) vvhere:ag '
synbol, [err] isa veclN

of the jth transpm ssion,
the i[err] synbols of the
energy of the rgteived signal fe
approxi mated widh the scal ar
[err] can be rigasured for eaf

by
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the gain [err] before accunul ation. In the present invention

the total engr g&err] of the received signal can be conputed on a
frame- by-f raﬂ@g% ?d or on a synbol - by- synbol basi s. Syntﬁﬁtwji@%ol
basis allows the destination device to adjust the 25 gain of each synbo
to take into account fast changes igygt he channel condi tion

In the present inygntion, the accunulation of the energy from

addi ti onal retrangpissi ons Blows the destination device to correctly
decode the ets re&ved in error. The retransm ssion allows
the 30 conmunica E; syste go operate at a higher frane-error-rate (FER)
t han nom nal cause ofg3he ability to correctly decode the packets
with a m ni malg expendit yre of systemresource, thereby inproving the

reliability. ____of[ the_dataltransni ssion.and _passibly.iocreasi.ng.the
capacity oft the.syst.em.. .. |[Furtbermore,.the.retransnm ssion at a subsequent
tinme provides'tine 35 diyerlsity and inproves the reliability of rthe data
transmi ssi dn. \Howeler, PCT/ US98/ 24155 ! \

21 operating a hi gk HR—ecessi—ate e retransm ssiong of nore
packet s v andgfcah i ncrea he conpl exity of {he Fommunicationisystem
The previous deg he preferred enbodfments is provided to
enabl e any periso o make or fuse.the present invention.
5 The varijous nD&ficationg to these|enbodimen{s w 1! be readily apparent

to t hosle §Kﬁll-3 in thelarf§ X dﬁgnciples defired herein
may be applPedl t o ot her_le h& use of the inventive
faculty. | Thig e of bnded to be lijmited to

t he enbodi \meN
consi st ent
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10 with the principles and novel features disclosed herein. ) VE CLAI M
PCT/ US98/ 24155 22 1.

A met hod f QYO MBI ng a data packet conprising the steps of PCI/US98/24155
first receiving a transm ssion of said data packet to obtain a received
packet; 4 second receiving at | east one retransm ssion of said data
packet to obt ain retransnié%gd packets; 6 accumul ating said
recei ved packet with said retr mtted packets to obtai n an
accumul at ed packet; and 8 decodi ng said accunul at ed packet.

2. The nethod of claim 1 wherein said first receiving step 2

conpri ses the steps of: denodul ati ng at | east one signal path of
sai d transni ssion of said data 4 packet to obtain first pilot signals and
first fi red data synbgls: - perform duct of said
first pil ignals and paid firs§ filtered |[data synbol s for each of
said at |easf] one signal jpath toZptaiph first scal ar valjues; and 8
conbi ni ng saijd first sca sai d | east] one signal path to

obtain first jconbin aid first konhined scal.ar va) ues
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10 conprising said received packet. 3. The nethod of claim
1 wherein said second receiving step 2 conprises the steps_of: 8724155
denodul ati ngW29%%38% one signal path of said at |east one 4PCT/US?

retransm ssion of said data packet to obtain second pilot signals and

second filtered data synmbols; 6 perform ng a dot product of
said second pilot signals and sai gﬁsecond filtered data synbols for
each of said at |east one signal h to obtain second 8 scal ar val ues;
and conbi ning said second scal ar val ues of said | east one signal
path to 10 obtain second conbi ned scal ar val ues; said second conbi ned

- scal ar val ues conprising said retrafdm tted packets. 4,
The nethod of claim 1 wherein said aceégnulating step 2 conprises the
steps of: scal ing code synbol syjef said received packet with a
first gain factor; 4 scal i Ecode synbol s of each of said
retransmtted packets with second gaig@&~ actors; and 6 conbi ni ng
sai‘d code symbols of said recei ved packet=wi th said code synbol s of
said retransmtted packets to obtain sai cﬂaccurrul at ed packet. . 5.

The nethod of claim4 wherein said first in factor is defined 2 in
accor dance.,v\,i Ih_a_siLgnal.-t.e-noise. neasucengnt. of. a received.si.gnal of
sai d transii ssion and said second gai n\%;ac ors aEamdefi ned i n accordance
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4 wth signal-to-noise neasurenents of received signals of said at |east
one retransm ssions. 6. The nethod of claim 1 wherein

sai d accun¥YQ¥337! step 2 conprises the steps of: PCTA]598/2415%)

sel ected synbol s of said received packet with synbols of said 4
retransmtted packets to obtain said accunul ated packet. 7.

The nmethod of claim 1 wherein said accunulating step 2 conprises the
steps of: interleavind”gynbols of said received packet with
synbols of said 4 retransmtted packets to obtain said accumul ated packet;
and wherein said decoding step is perfornmed in accordance with a
rate of 6 said accunul ated packet. 8. The nmethod of claiml
wherein said at |east one retransm ssion 2 of said data packet is
concurrent with a transm ssion of a second data packet. 9. The
met hod of claim8 wherein sgldsat |east one retransmssion 2 of said data
packet is achieved by replad® repeated synbol s of. said second dat a
packet with code synbols of i d data packet. 10. The nethod of"-
claim8 wherein said at |east;one retransm ssion 2 of said data packet is
achi eved by encodi ng said sea:nd data packet wth a nodi fi ed code rate.
11. The nethod of claim8 Whéréirn said at | east one retransm ssion 2 of
sai d data packet is achi ¢ve transmitting said data packet on an
addi ti onal code channel .
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PCT/ US98/ 24155 24 12. The
met hod of claim 1 wherein each of said at | east one 2 retransm ssion is

at a lower eNAW2S¥dr-bit than said transnission. BGT/US9BR4155

met hod of claim 12 wherein each of said at |east one 2 retransm ssion is at
a mniml energy-per-bit which still allows for correct decodi ng of

sai d data packet. 14. The nethod of claim 13 wherein said

m ni mal energy-per-bit is 2 conputed in accordance with a required
E[err]/I[err] and a neasured E[err]/I[err] of a recei ved signal of said
transm ssi on. 15. The nethod of claim 13 wherein said m ninal
energy-per-bit is 2 conputed in ac@®dance with a required E[err]/I[err]
and an accurnul ated E[err]/I[err] of recei ved signals of said

transm ssion and said at | east one retransm ssion. 16. The

met hod of claim1 wherein each of said retransmtted 2 packets conprises a
portion of said received packet. 17. The. nethod of claim 16
wherein each of said retransmtted 2 packets is based on a neasured
E[err]/I[err] for a duration of said received packet. i 18. The
met hod of claim 1 wherein decoding step is perfornmed for 2 a constraint

| ength of 9. 19. The nethod of claim 1 wherein decoding step is
performed for 2 a code rate of 2= 20. An apparatus for
decodi ng a data packet conpri sf¥g:
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2 denodul ati on nmeans for receiving and denodul ating a transm ssion
of said data packet to obtain a received packet and for receiving and 4
denodul at i NP 8/268Hast one retransni ssions of said data pack@®CTUSI8R4EFn

retransmtted packets; 6 accunul ati on neans for accunul ating said
retransmtted packets with said received packet to produce an
accunul at ed packet; and 8 storage neans for receiving and storing
sai d recei ved packet and/or sai d accumul at ed packet; and 10

decodi ng nmeans for receiving and decodi ng said accumnul at ed packet.

25 21. The apparatus of claim 20 further conprising: 2

scaling neans for receiving and scaling said received packet and said
retransnitted packets to produd® a scal ed received packet and scal ed 4

retransmtted packets; wherein said accunul ati on neans received
and accunul ate said 6 scaled retransmtted packets with said scal ed
recei ved packets to produce said accunul at ed packet. 22.
The apparatus of claim20 further conprising: 2 transm ssi on nmeans
for concurrently retransmtting said at |east one retransni§§ion of
sai d data packetfwth a transm ssion of a second data 4  packet~,.
23. The apparatjus of clpim 2ZZ Wwherernn| said transm ssion means XD adjusts
a transm ssion power of paid af Teagt] pne retransm sgi on of sai drflat a
packet to be |ower than p trangm ssignj power of saiddtransnission of said
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An efficient retransmission of data using symbol accumulation wherein the packet received in eror is refransmitted at a lower
energy—per-bit level concurrently in the same frame with the new packet. The destination device receives the data transmission and
retransmission, demodulate the signal, and separates the received data into the new and retransmitted packet. The destination device then
accumulates the energy of the retransmitted packet with the energy already accumulated for the packet received in error and decodes the
accumulated packet. The accumulation of the additional energy provided by the subsequent retransmissions improves the probability of a
correct decoding. The throughput rate can be improved since the packet received in error is retransmitted concurrently with the transmission
of the new data packet. The capacity is maximized since the retransmission of the packet received in error is at a lower energy level than




