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Field [0002] The present invention relates to wireless conmunication systens
generally, and specifically to traffic interference cancellation in
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The features, nature, advant ages of t present application nmay be nore
appar ent frqumaratdébméfadnaescrl ption set forth below with the draw ngs.
Like reference nunerals and characters may identify the sanme or simlar
objects. [0005] FIG 1 illustrates a wireless comruni cati on systemw th base
stations and access termnals. [OBXGIKEROUNDI || ustrates an exanpl e of

transmtter structure and/or process, which may be inplenented at an access
terminal of Field 1. [0007] FIG 3 illustrates an exanple of a receiver
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FIG 5 illustrates a general exanple of power distribution of three users in
t he
Background
[0003] A communication system may provide communication between base stations:

and access terminals. Forward link or downlink refers to transmission from a base
station to an access terminal. Reverse link or uplink refers to transmission from an
access terminal to a base station. Each access terminal may communicate with one or
more base stations on the forward and reverse links at a given moment, depending on

whether the access terminal is active and whether the access terminal is in soft handoff,

BRIEF DESCRIPTION OF DRAWINGS
[0004] The features, nature, and advantages of the present application may be more
apparent from the detailed description set forth below with the drawings.. Like reference

numerals and characters may identify the same or similar objects.

[0005] FIG. 1 illustrates a wireless communication system with base stations and access
terminals,
[0006] FIG. 2 illustrates an example of transmitter structure and/or process, which may

be implemented at an access terminal of FIG. 1.
[0007] FIG. 3 illustrates an example of a receiver process and/or structure, which may
be implemented at a base station of FIG. 1.

[0008] FIG. 4 illustrates another embodiment of a base station receiver process or
structure.



systemof FIG 1. [0010] FIG 6 shows an exanple of a uniformtime-offset
distribution for franme asynchronous traffic interference cancellation for
users with equal transmt power. [0011]] FIG 7 illustrat | | aci ng
struct ure WOEBN60308¢ he reverse |ink data packets and g"ﬁi‘?%ﬁ@ﬁﬁﬁk
automati c repeat request channel. [0012]2 FIG 8 illustrates a nmenory that
spans a conplete 16-sl ot packet. [0013] FIG 9A illustrates a nethod of
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[0018] FIG. 12B illustrates an apparatus to perform the method of FIG. 12A.

[0019] FIG. 13A illustrates a variation of the method in FIG. 12A.

[0020] FIG. 13B illustrates an apparatus to perform the method of FIG. 13A.

[0021] FIG. 14A illustrates a method to perform joint PIC, OIC and TIC.

[0022] FIG. 14B illustrates an apparatus to perform the method of FIG. 14A.

[0023] FIG. 15A 1illustrates a variation of the method in FIG. 14A.

[0024] FIG. 15B illustrates an apparatus to perform the method of FIG. 15A.

[0025] FIG. 16 illustrates a model of transmission system.

[0026] FIG. 17 illustrates an example response of combined transmit and receive
filtering,

[0027] FIGs. 18A and 18B show an example of channel estimation (real and imaginary
components) based on the estimated multipath channel at each of three RAKE fingers.

[0028] FIGs. 19A-19B show examples of an improved chamnel estimate based on
RAKE fingers and despreading with the data chips.

[0029] FIG. 20A illustrates a method for despreading at RAKE finger delays with
regenerated data chips.

[0030] FIG. 20B illustrates an apparatus to perform the method of FIG. 20A.



[0031] FIGs. 21A and 21B show an exanple of estimating the conposite channel
using uniformy spaced sanples at chi pX2 resolution. [0032] FIG 22A
illustrates a nmethod for estimting conposite channel esol ution
usi ng r egeWO2886492%%t a chips. [0033] FIG 22Billustrat esﬂ%ma%gg}a@ét us to
performthe nmethod of FIG 22A. [0034] BIG 23 illustrates a closed | oop
povver control and gain control wth fixed overhead subchannel gain. [0035]
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control w t hyffhXg sﬁh\é%%qﬁeédf%&iﬁ@%bluns@m [0037] FIG 26 is simlar to
FIG 24 except wiih overhead gain control. [0038] FIG 27 illustrates a
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controller 1Q<he %cﬁahﬁélé‘a{}ﬁ 104a- 104b, and a plurality of access termnals
106a- 106h. The system 100 may have any nunber of controllers 102, base
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t he present d'e]ﬁmdc%uh' escrl bed bel ow maybe inpl enmented in the system 100.
[ 0041] AccesTH&? (%mh‘ay be nobile or stationary and nmay be di spersed
t hr oughpuie)t he c@EI@ELZY TRkt Gy&apled@owér dohfrol with fiRedowstiad kabchame@l 106
may be connected to or inplenented in a conputing device, such as a | aptop
personal cd#uter. Alternatively, an access terminal nmay be a

sel f-CO[aw ned daiq, SEX sG1ar JEIG. 2@%)@8@@&@9&@&%@ ginlcBhtr@SSi Stant (PDA). An
access nal 106 may refer to various types deV| ces, such as a wired
phone, MO el esFIGhLhidlpsteatesel varihtion ¢fFdG26 with BRC-ondy owh@dtgem coatrgli r el ess
comuni cati on personal conputer (PC) card, a.PDA, an external or internal
nodem etc. An access termnal may be any device that provides data

connecti vi ty to a user by CODETAICED DESCRIPFIION a W rel ess channel or

t hrough a wired WO 20061072086 PCT/ US2005/ 047636
[0039] Any embodiment described herein is not necessarily preferable or advantageous

over other embodiments. While various aspects of the present disclosure are presented
in drawings, the drawings are not necessarily drawn to scale or drawn to be all-
inclusive.

[0040] FIG. 1 illustrates a wireless communication system 100, which includes a
system controller 102, base stations 104a-104b, and a plurality of access terminals 106a-
106h. The system 100 may have any number of controllers 102, base stations 104 and
access terminals 106. Various aspects and embodiments of the present disclosure
described below may be implemented in the system 100.

[0041] Access terminals 106 may be mobile or stationary and may be dispersed
throughout the communication system 100 of FIG. 1. An access terminal 106 may be
connected to or implemented in a computing device, such as a laptop personal
computer. Alternatively, an access terminal may be a self-contained data device, such
as a personal digital assistant (PDA). An access terminal 106 may refer to various types
of devices, such as a wired phone, a wireless phone, a cellular phone, a lap top
computer, a wireless communication personal computer (PC) card, a PDA, an external
or internal modem, etc. An access terminal may be any device that provides data

connectivity to a user by communicating through a wireless channel or through a wired



4 channel, for exanple using fiber optic or coaxial cables. An access
termnal may have various nanes, such as nobile station, access unit,
subscriberv“?&hw,ﬁggile device, nmobile termnal, nobilg-4RiienshPbis € Phone,
nobi l e, renote s?a l'on, renote termnal, renote unit, user AQV|ce, user
equi pnent, handhel d device, etc. [0042] Zhe system 100 provides

communi cation for-a nunber of cells, where each cell is serviced by one or
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further coupled to a public switched tel ephone network (PSTN) via a nobile

swi t chi ng cefgcsss temmmyl 106t base glatiere i dat a network via a packet data
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IXEV- DV, W debpngh §ibMhitd Cdiived datdadeefos Me D40 slaford $04 ¢ TIMMIC &t R heSySt €M
(UMTS), Tinme Division Synchronous

access terminal 106. The access terminal 106 may send data request channel or Data
rate control (DRC) messages to the base station 104 to inform the base station 104 of

the desired data rate.

[0045] The system controller 102 (also referred to as a base station controller (BSC))
may. provide coordination and control for base stations 104, and may further control
routing of calls to access terminals 106 via the base stations 104. The system controller
102 may be further coupled to a public switched telephone network (PSTN) via a
mobile switching center (MSC), and to a packet data network via a packet data serving
node (PDSN).

[0046] The communication system 100 may use one or more communication
techniques, such as code division multiple access (CDMA), IS-95, High Rate Packet
Data (HRPD), also referred to as High Data Rate (HDR), as specified in “cdma2000
High Rate Packet Data Air Interface Specification,” TIA/EIA/IS-856, CDMA 1x
Evolution Data Optimized (EV-DO), 1xEV-DV, Wideband CDMA (WCDMA),
Universal Mobile Telecommunications System (UMTS), Time Division Synchronous
CDMA (TD-SCDMA), Orthogonal Frequency Division Multiplexing (OFDM), etc.



CDVA (TD- SCDMA), Ot hogonal Frequency Division Miltiplexing (OFDM, etc. WO
2006/ 072086 PCT/ US2005/047636 5 The exanpl es descri bed bel ow provi de
details for clarity of understanding. The ideas presented herein are
applicable_to _systens as well, and the present ex not neant
to limt tﬂ;é’i?ﬁ“té‘g’g‘f?f‘ application. [0047] FIG 2 illustrgfc@g@‘r’ﬁ‘gz%’ﬁple of
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receiver process ang/ or .structure, which may be inplenmented at a base
stati on 104 Bistprembatfadihg functions and conponents shown

[0049] A modulator 206 modulates coded, interleaved data to generate modulated data.

Examples of modulation techniques include binary phase shift keying (BPSK) and
quadrature phase shift keying (QPSK). The modulator 206 may also repeat a sequence
of modulated data- or a symbol puncture unit may puncture bits of a symbol. The
modulator 206 may also spread the modulated data with a Walsh cover (i.e., Walsh
code) to form data chips. The modulator 206 may also time-division multiplex the data
chips with pilot chips and MAC chips to form a stream of chips. The modulator 206
may also use a pseudo random noise (PN) spreader to spread the stream of chips with
one or more PN codes (e.g., short code, long code).

[0050] A baseband-to-radio-frequency (RF) conversion unit 208 may convert baseband
signals to RF signals for transmission via an antenna 210 over a wireless
communication link to one or more base stations 104.

[0051] FIG. 3 illustrates an example of a receiver process and/or structure, which may
be implemented at a base station 104 of FIG. 1. The functions and components shown
in FIG. 3 may be implemented by software, hardware, or a combination of software and
hardware. Other functions may be added to FIG. 3 in addition to or instead of the
functions shown in FIG. 3.



in FIG 3 may be inplenented by software, hardware, or a conbination of
software and hardware. Ot her functions nmay be added to FIG 3 in addition
to or inst@ashebohée functions shown in FIG 3. WO 20084P{8566047636

PCT/ US2005/ 047636 6 [0052] One or nore antennas 300 receive the reverse
i nk nmodul ated signals fromone or nore access termnals 106. Miltiple
antennas may provide spatial diversity against deleterious path effects
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thei r respecamplifies,slgwneonyierie) and digitizes he reemivadesignal tajganseats data sagplesclor

channel i zed - W recovered pilot to provide denodul at ed dat a.
Denodul at or %%is%é‘)gd%%g%ude a received sanple buffer 312 (also called joint

f ront - e[pd53RAM ( FERAMhodlaten Bt may [Rédddilate sheoreecisahyipeads taf proeide racedersd gnal s
for all users/acgcess t 1.nal s, .a rake receiver 314 to desptead,and, process
ol t il e o GREBORrcter (oMAIG cmasRlion Beud Shensen & st GReipTRn ki Q) ol | od
back- end RAM tRe d&bpread haprsl tosiolaR! or RbdMnelizel THRMBcaiRAM daRard pilovr al i ty

denodul at ed synbol buffers 316 to correspond to the plurality of

user s/ acces sonte theirrraspectiyeognle] channets, and:(2) saberentboderardulatiog (teschasmelized fr om
he demdul 4 . d
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anot her enbodi nt of a base _station receiver process or _struycture. In FIG
4, data bit -é%te@ssgmaﬁwf FoayeRet T éf@se?%@ssttgmml% ATECIEGCEIEE

reconstructi oy '&Eépré_ll@@.nd ?MUcEsl% njuﬂﬁﬁlb' Q%ﬁal %ﬁtﬁ@é‘s?&iﬁf a d&xodul aMsifef 04,
nodul ator 406 and filter 408. The encoder 402, interleaves 404, and

modul at or - 408l6rfalso balledibark-and RAM (BERAMG ot demadated symehol BAM).. Toz; mand
modl st or 2%, gy Seflfubd b im R TR 61 SRRRCES Bt 3L o0
user's cont rusatsfacedds teminal®. FERAM i s t hem renoved or cancel ed from
[0054] A deinterleaver 306 deinterleaves data from the demodulator 304.
[0055] A decoder 308 may decode the demodulated data to recover decoded data bits
transmitted by the access terminal 106. The decoded data may be provided to a data
sink 310.
[0056] FIG. 4 illustrates another embodiment of a base station receiver process or
structure. In FIG. 4, data bits of successfully decoded user are input to an interference
reconstruction unit 400, which includes an encoder 402, interleaver 404, modulator 406
and filter 408. The encoder 402, interleaver 404, and modulator 406 may be similar to
the encoder 202, interleaver 204, and modulator 206 of FIG. 2. The filter 408 forms the
decoded user’s samples at FERAM resolution, e.g., change from chip rate to 2x chip
rate. The decoder user’s contribution to the FERAM is them removed or canceled from
the FERAM 312.
[0057] Although interference cancellation at a base station 104 is described below, the
concepts herein may be applied to an access terminal 106 or any other component of a
communication system.

Traffic Interference Cancellation



t he FERAM 312. [0057] Although interference cancellation at a base station
104 is described below, the concepts herein nay be applied to an access

t erm nal ot her conponent of a comunication ffic
Interfer en%%ance %ati on WO 2006/ 072086 PCT/ US2005/ 047%@%%@5%%@{3@] The
capacity of a CDVA reverse link may be I7mted by the interference between
users since the signals transm’tted by different users are not orthogonal at
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ori gi nal data®pac romthe data source 200
may be repeademnﬁmdtherﬁmﬁﬁm ondrbeadoanid traffiopetipeet SBasé'dle)nUEétérrﬁlﬁmmthal 106

sends a first sub et to the base station 104. The statlon 04 may
have a rel atft %W%ﬁ&ﬁ) fB LAY, ses,%ﬁfhecrsqqn@e{cpgyn et 'ﬁ@y then recqutrogh tﬁa t he
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[0060] Bits of a data packet from the data source 200 may be repeated and processed by

the encoder 202, interleaver 204 and/or modulator 206 into a plurality of corresponding
“subpackets” for transmitting to the base station 104. If the base station 104 receives a
high signal-to-noise-ratio signal, the first subpacket may contain sufficient information
for the base station 104 to decode and derive the original data packet. For example, a
data packet from the data source 200 may be repeated and processed into four
subpackets. The user terminal 106 sends a first subpacket to the base station 104. The
base station 104 may have a relatively low probability of correctly decoding and
deriving the original data packet from the first received subpacket. But as the base
station 104 receives the second, third and fourth subpackets and combines information
derived from each received subpacket, the probability of decoding and deriving the
original data packet increases. As soon as the base station 104 correctly decodes the
original packet (e.g., using a cyclic redundancy check (CRC) or other error detection
techniques), the base station 104 sends an acknowledgement signal to the user terminal
106 to stop sending subpackets. The user terminal 106 may then send a first subpacket

of a new packet.



station 104 receives the second, third and fourth subpackets and conbi nes
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addressed herein. Many of these ‘problens are caused the fact that real
syst ens haveHybrid-ARE, nThis displosure maytaldocapplygo BAGDVeRahbl W-COMATIHe and
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delay in the '
[0063] Traffic interference cancellation (TIC) may be defined as subtractive

Q

interference cancellation which removes the contribution of a user’s data to the FERAM
312 after that user has decoded correctly (FIG. 4). Some of the practical problems
associated with TIC on actual CDMA systems such as CDMA2000, EV-DO, EV-DV,
and WCDMA are addressed herein. Many of these problems are caused by the fact that
real systems have user asynchrony and Hybrid ARQ. For example, CDMA2000
intentionally spreads user data frames uniformly in time to prevent excess delay in the
backhaul network. RevA of EV-DO, Rel D of EV-DV, and EUL of WCDMA also use
Hybrid ARQ which introduces more than one poésible data length.

[0064] Multi-user detection is the main category of algorithms under which TIC falls,
and refers to any algorithm which attempts to improve performance by allowing the
detection of two different users to interact. A TIC method may involve a hybrid of
successive interference cancellation (also called sequential interference cancellation or
SIC) and parallel interference cancellation. “Successive interference cancellation”
refers to any algorithm which decodes users sequentially and uses the data of previously

decoded users to improve performance. ‘Parallel interference cancellation” refers



backhaul network. RevA of EV-DO, Rel D of EV-DV, and EUL of WCDMA al so use
Hybrid ARQ which i ntroduces nore than one possible data | ength. [0064]
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user 3 transm
be estimated with negligible error.

[0068] FIG. 5 illustrates a general example of power distribution of three users (user 1,
user 2, user 3), where the users transmit frames synchronously (frames from all users
are received at the same time), and each user is transmitting at the same data rate. Each
user is instructed to use a particular transmit power, e.g., user 3 transmits at a power
substantially equal to noise; user 2 transmits at a power substantially equal to user 3’s
power plus noise; and user 1 transmits at a power substantially equal to user 2 plus user
3 plus noise.

[0069] The receiver process signals from the users in decreasing order by transmit
power. Starting with k = 1 (user 1 with highest power), the receiver attempts to decode
for user 1. If decoding is successful, then user 1’s.contribution to the received signal is
formed and subtracted based on his channel estimate. This may be called frame
synchronous sequential interference cancellation. The receiver continues until decoding
has been attempted for all users. Each user has the same SINR after interference

cancellation of the previously decoded users’ successive interference cancellation.



substantially equal to noise; user 2 transmts at a power substantially
equal to user 3's power plus noise; and user 1 transmts at a power
substantially equal to user 2 plus user 3 plus noise. [0069] The receiver
process Ssi I the users in decreasing order by transmt ower .
Starting mﬁ?ﬁ2ﬁm&5 5]a(user 1 with highest power), the reéE¥OE¥NEP¥@ﬁbts to
decode for user 1. If decoding is succeggsful, then user 1's. contribution
to the received signal is forned and subtracted based on his channel
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users woul d seRirSduirds R lof Hrodebding poert dndEhetWiirk Redolife® at Bieyerdhyraatsm the
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than the usefamg boundary singeqdkusepowerld finishrppadkett the spadimen Withnisaee of a
uni formti ne; [ Ut 4 Wﬂﬁ Lk u s wth
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ahown . BPBshar i 6LirS s Semale. of 7 oRen ol SupPoiennF BiRSs ¢ he
i nterfer enceas?ﬂchﬁmoﬁsamfor%gerg MﬂﬂaéqﬁaIQfan&rﬁﬁ pbWee rfes, €%ﬁicf&3§snlﬂﬁs%8t éeyoved by

Tl C bef ore decodi ng Frane
time instant right before frame 1 of user 1 is to be decoded. Since frame 0 has already

been decoded and canceled for all users, its contribution to the interference is shown
crosshatched (users 2 and 3). In general, this approach reduces the interference by a
factor of 2. Half of the interference has been removed by TIC before decoding Frame 1
of User 1.

[0073] In another embodiment, the users in FIG. 6 may refer to groups of users, e.g.,
user group 1, user group 2, user group 3.

[0074] A benefit of asynchronism and interference cancellation is the relative symmetry
between users in terms of power levels and error statistics if they want similar data
rates. In general sequential interference cancellation with equal user data rates, the last
user is received with very low power and is also quite dependent of the successful
decoding of all prior users.

Asynchronism, Hybrid ARQ and Interlacing, e.g. EV-DO RevA

[0075] FIG. 7 illustrates an interlacing structure (e.g., in 1XEV-DO RevA) used for RL

data packets and a FL. ARQ channel. Each interlace (interlace 1, interlace 2, interlace 3)

comprises a set of time-staggered segments. In this example, each segment is four time



of User 1. [0073] In another enbodinent, the users in FIG 6 may refer to
groups of users, e.g., user group 1, user group 2, user group 3. [0074] A
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[0078] The FERAM 312 stores received samples (e.g., at 2 x chip rate) and is common
to all users. A non-TIC receiver would only use a FERAM of about 1-2 slots (to
accommodate delays in the demodulation process) since no subtraction of traffic or
overhead interference takes place. In a TIC receiver for a system with H-ARQ, the
FERAM may span many slots, e.g., 40 slots, and is updated by TIC through the
subtraction of interference of decoded users. In another configuration, the FERAM 312
may have a length that spans less than a full packet, such as a length that spans a time
period from a beginning of a subpacket of a packet to an end of a subsequent subpacket
of the packet. '

[0079] The BERAM 316 stores demodulated symbols of the received bits as generated
by the demodulator’s rake receiver 314. Each user may have a different BERAM, since
the demodulated symbols are obtained by despreading with the user-specific PN
sequence, and combining across RAKE fingers. Both a TIC and non-TIC receiver may
use a BERAM 316. The BERAM 316 in TIC is used to store demodulated symbols of
previous subpackets that are no longer stored in a FERAM 312 when the FERAM 312
does not span all subpackets. The BERAM 316 may be updated either whenever an
attempt to decode takes place or whenever a slot exists from the FERAM 312.
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depend on complex1ty cons1derat10ns the need to support various user arrival times, and
the capability of re-doing the demodulation and decoding of users on previous frame
offsets.

[0083] FIG. 9A illustrates a general method of TIC for an example of sequential
interference cancellation (SIC) with no delayed decoding. Other enhancements will be
described below. The process starts at a start block 900 and proceeds to a choose delay
block 902. In SIC, the choose delay block 902 may be omitted. In block 903, the BTS
104 chooses one user (or a group of users) among those users that terminate a subpacket
in the current slot.

[0084] In block 904, demodulator 304 demodulates samples of the chosen user’s
subpackets for some or all time segments stored in the FERAM 312 according to the
user’s spreading and scrambling sequénce, as well as to its constellation size. In block
906, the decoder 308 attempts to decode the user packet using the previously
demodulated symbols stored in BERAM 316 and the demodulated FERAM samples.
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FIG 9B illustrate paratus conprisi ng . means 930-946 to performthe
method BO8HI G oATCTOB Hlamates an.apmehins CRTIPFISIDE RS t?é%ﬁ@ {9 rAEHoER B

hardware,  method of FIG. 9A. The means 930-946 in FIG. 9B may be implemented in hardware,

software or a combination of hardware and software.

Methods for Choosing a Decoding Order
[0089] Block 903 indicates TIC may be applied either sequentially to each user or

parallel to groups of users. As groups grow larger, the implementation complexity may
decrease but the benefits of TIC may decrease unless TIC is iterated as described below.

[0090] The criteria according to which users are grouped and/or ordered may vary
according to the rate of channel variation, the type of traffic and the available
processing power. Good decoding orders may include first decoding users who are
most useful to remove and who are most likely to decode. The criteria for achieving the
largest gains from TIC may include:

[0091] A. Payload Size and T2P: The BTS 104 may group or order users according to
the payload size, and decode in order starting from those with highest transmit power,
i.e., highest T2P to those with lowest T2P. Decoding and removing high T2P users
from the FERAM 312 has the greatest benefit since they cause the most interference to

other users.
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subpacket in the slot of the chosen delay. The choice of delay may be based on the

following options:

[0095] A. Current decoding indicates a choice of moving to the next (future) slot once
all users have been attempted for decoding, and the next slot is available in the FERAM
312. In this case, each user is attempted to be decoded once per processed slot, and this
would correspond to successive interference cancellation.

[0096] B. Iterative decoding attempts to decode users more than once per processed
slot. The second and subsequent decoding iteration will benefit from the canceled
interference of decoded users on previous iterations. Iterative decoding yields gains
when multiple users are decoded in parallel without intervening IC. With pure iterative
decoding on the current slot, the choose delay block 902 would simply select the same
slot (i.e., delay) multiple times.

[0097) C. Backward decoding: The receiver demodulates subpackets and attempts to
decode a packet based on demodulating all available subpackets in the FERAM
corresponding to that packet. After attempting to decode packets with a subpacket that
terminates in the current time slot (i.e., users on the current frame offset), the receiver

may attempt to decode packets that failed decoding in the previous slot (i.e., users on
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reconstructing and subtracting out that user’s contribution. Due to complexity
considerations, it may be desirable to choose the FERAM buffer length to be less than
the span of a packet (e.g., 40 slots are required to span a 16-slot packet in EV-DO
RevA). As new slots are written into the FERAM 312, they would overwrite the oldest
samples in the circular buffer. Therefore, ‘as new slots are received the oldest slots are
overwritten and the decoder 308 will use BERAM 316 for these old slots. It should be
noted that even if a given subpacket is located in the FERAM 312, the BERAM 316
may be used to store the demodulator’s latest demodulated symbols (determined from
the FERAM 312) for that subpacket as an intermediate step in the interleaving and
decoding process. There are two main options for the update of the BERAM 316:

[00100] A. User-based update: The BERAM 316 for a user is updated only in
conjunction with a decoding attempted for that user. In this case, the update of the older
FERAM slots might not benefit the BERAM 316 for a given user if that user is not
decoded at an opportune time (i.e., the updated FERAM slots might slide out of the
FERAM 312 before that user is attempted to be decoded). '

[00101] B. Slot-based update: In order to fully exploit the benefits of TIC, the BERAM
316 for all affected users may be updated whenever a slot exits FERAM 312. In this
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cancel interference from 1, 2, 3 or 4 subpackets by storing a longer history of samples.
- In general, IC may be applied either sequentially to each user or to groups of users.

[00104)] FIG. 10 illustrates a receiver sample buffer 312 at three time instances: slot time
n, n +12 slots and n + 24 slots. For illustrative purposes, FIG. 10 shows a single
interlace with subpackets from three Users who are on the same frame offset to
highlight the interference cancellation operation with H-ARQ. The receiver sample
buffer 312 in FIG. 10 spans all 4 subpackets (which may be achieved for EV-DO RevA
by a 40-slot buffer since there are 8 slots between each 4-slot subpacket). Undecoded
subpackets are shown as shaded. Decoded subpackets are shown as unshaded in the 40-
slot buffer and are canceled. Each time instance corresponds to the arrival of another
subpacket on the interlace. At slot time n, User 1’s four stored subpackets are correctly
decoded while the latest subpackets from Users 2 and 3 fail to decode.

[00105) At time instance n +12 slots, successive subpackets of the interlace arrive with
interference cancellation of Users 1’s decoded (unshaded) subpackets 2, 3 and 4.

During time instance n +12 slots, packets from Users 2 and 3 successfully decode.
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reattenpti ng decode for the other users when their next
[00107] There two aspects described. First, overhead IC (OIC) is introduced. On the

reverse link, overhead from each user acts as interference to signals of all other users.

For each user, the aggregate interference due to overheads by all other users may be a
large percentage of the total interference experienced by this user. Removing this
aggregate overhead interference may further improve system performance (e.g., for a
CDMA2000 1xEV-DO RevA system) and increase reverse link capacity beyond
performance and capacity achieved by PIC and TIC.

[00108] Second, important interactions among PIC, OIC, and TIC are demonstrated
through system performance and hardware (HIW) design tradeoffs. A few schemes are
described on how to best combine all three cancellation procedures. Some may have
more performance gain, and some may have more complexity advantage. For example,
one of the described schemes removes all the pilot signals before decoding any
overhead and traffic channels, then decodes and cancels the users’ overhead and traffic

channels in a sequential manner.
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may be at 2 x chip rate resolution and may be represented as (over one segment)

p,lon+s,)= Zc,[n 1l = 1] G - (1,881, Jin = 0,...511

pu=-M

M
p2n+8, +1)= Y n-pw, aln— 1] Go - (b 881+ 4-a, )in=0,..511

u=—M

Equation 1 Reconstructed auxiliary pilot signals

where n corresponds to chipx1 sampling rate, f is the finger number, ¢, is the PN
sequence, w, . is the Walsh code assigned to the auxiliary pilot channel, G,,, is the
relative gain of this channel to the primary pilot, 4, is the estimated channel coefficient

(or channel response) which is assumed to be a constant over one segment, ¢ is the
filter function or convolution of the transmit pulse and the receiver low-pass filter of

chipx8 resolution (¢ is assumed non-negligible in [— MTC,MTC]), 7 s 1s the chipx8 time
offset of this finger with @, =y, mod 4 and &, =|y, /4.



channel, DSC (data source control), and ACK (acknow edge) channel. As shown
in FIG 11, ACK and DSC channels are tinme-nultiplexed on a slot base. ACK
channel is smtted when acknow edgi ng a packe d to the
same user 0v¥18 “/0%28%211] Anong the overhead channel s, 8&@35@%%7%1%
auxiliary pilot channel is known a prit®i at the rece| ver. Therefore,
simlar to primary pilot channel, no denodul ati on and decodi ng are

necess or th agq: %h Y anASRRI

r econsta[rh %ed baggl%g%%ﬂg%wp %?)(gt géch%lgllﬁé%ﬁu(%ﬁe r éconst ructed
auxiliary plchmmelsnay eheodad by eltherlhl-prthmoaalroedcsl artsimmplen nddasa rthe reEpivesent ed
as (over one,

fl2 .
Yot [ p] . Sideriip peat bash thc eimadufptes output e firt cpmpred iy tpyeshold. 16
Ecf [ n-p] W, dhd BohiCRs bélbiOhS  thitdhodd, Rnnefdsure -is AddlaredlyMaban! addoBdtrubtion is

Reconst ructed auxil | ary pilot si gnal S where n corresponds to_chipxl sanpling
rate, f is tattempteddor thisusigral. Otherwise, they andecoded, by @esymbol-basest maxiraye- Wal sh

code: e ket Dbt B EBABS el o G, kSage 1

(or channel ougpmpbifsas us%ifmebmmﬁeﬂﬂmmoxbspamhmg\diaaMI a\shown ieFIsegnent, 0

iIs the filter function or cnvlut of the transmt pul se and the
receiver |lo él"s"é’n?q“lcf grS‘gé‘f‘ls PR BR 40 i s assumed non-negligibl e
in [-MIC, M, s;t;hechl 8t|rre of fset of is finger wwth af =r
f mod 4 and Sfo rL—yﬁ' ag_‘, e apoelneTeb SK?OP(EWB%O@;SEWQBGSIMQ [001121 The
second group of overhe ﬁannel s whi ch i ncludes DRC, DSC and RRI

channel s, arejencoded, by#ei f her or t.hogon odes or | ex codes. On the
recei ver siqentér+é ty{,@h JaE"heU]d ﬁifé ‘buﬂp tns +e3¥li rst conpar ed
with a threshold. If the"output s bel ow the threshold, an erasure is

decl ared and no recons O herw se,
they are decoded by a ?@%ﬁ t‘%%%(l mu E??)%g’lﬁgﬂ%lg%ﬁ%%g) det ector, which
may be j0oHBHe th@om;aamdemﬂsﬂq 1 rthdit@one neWhternsl ef, sdhich isdbe pwrhdadtchameb used
for reconstruction of the correspondl ng channel, as shown in FIG 4. The
reconst r uct aldtasmgpas thefWalsh beven anh & abpresents the oerhead channel gain relative to

of [ 2n+8f] =" cf [ n- p] Wf, o[ n- p] . dQGO. ( hf o[ 8p- af D, n=0, , 511 ,U=-M
the pnmarypllot
[00114) The remaining overhead channel is the 1-bit ACK channel. It may be BPSK

modulated, un-coded and repeated over half a slot. The receiver may demodulate the
signal and make a hard-decision on the ACK channel data. The reconstruction signal
model may be the same as Eq. 2.
[00115] Another approach to reconstruct the ACK channel signal assumes the
demodulated and accumulated ACK signal, after normalization, may be represented as:
y=x+z,
where x is the transmitted signal, and zis the scaled noise term with variance of o.

Then, the log-likelihood ratio (LLR) of y is given as

o Pr(x=1]y) 2
L_lnPr(x=—1|y)_o'zy'

Then, for the reconstruction purpose, a soft estimate of the transmitted bit may be:

exp(L)-1
exp(L) +1

where the tanh function may be tabulated. The reconstructed ACK signal is very

% = Pr(x = 1)- 1+ Pr(s = -1)- (1) = =tanh(L)=tanh(;2;yJ,

similar to Eq. 2 but with the exception of replacing d, by ¥. In general, the soft

estimate and cancellation approach should give a better cancellation performance since



of [ 2n+8f +1] = nmef [ n-p] W, . [n-p] dOGO (hf9s[ 8, u+4-afj,n=0,...,511 N--M
Equati on 2 Reconstructed overhead (DRC, DSC, and RRI) signals [00113]

Conmpared with Eq. 1, there is one new termdO which is th r channel
data, wf,, WiOR004{32084| sh cover, and (D represents the O\P&@@%@Rgﬁel gai n

relative to the primary pilot. [00114] odhe remai ni ng overhead channel is
the 1-bit ACK channel. It nmay be BPSK nodul ated, un-coded and repeated over

hal f a slot. The receiver nay denoduyl ate the, signal .and nake a
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over head ch d &%g ﬁ_ggy . ver, the conplexity of the maxi num
aposteriori al%?r%h@é{ﬁ?ﬁﬁlg ( %Bb eot?lé’%\rééto obtain the LLR for each bit grows
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e efficient way to inp s r a e struction is
one finger, may scale each decodefl overhead signal By its relative gain,
cover it by the Wal sh code, and sumthemtogether, then spread by one PN

sequence andjdihi PRY, OIO. and'TIChe channel -
. [00117] Joint PIC, OIC and TIC may be performed to achieve high performance and

increase system capacity. Different decoding and cancellation orders of PIC, OIC and

TIC may yield different system performance and different impacts on hardware design

complexity.
PIC First Then OIC And TIC Together (First Scheme
[00118] FIG. 12A illustrates a method to first perform PIC and then perform OIC and

TIC together. After a start block 1200, the receiver derives channel estimation for all
users and performs power control in block 1202. Since the pilot data for all users are
known at BTS, they may be subtracted once their channels are estimated in PIC block
1204. Therefore, all users’ traffic channels and certain overhead channels observe less
interference and are able to benefit from the in-front pilot cancellation.

[00119] Block 1206 chooses a group G of undecoded users, e.g., whose packets or
subpackets terminate at current slot boundary.  Blocks 1208-1210 perform
overhead/traffic channel demodulation and decoding. In block 1212, only the
successfully decoded channel data will be reconstructed and subtracted from the front-
end RAM (FERAM) 312 shared by all users. Block 1214 checks whether there are
more users to decode. Block 1216 terminates the process.

[00120] The decoding/reconstruction/cancellation may be in a sequential fashion from
one user in a group to the next user in the group, which may be called successive

interference cancellation. In this approach, users in late decoding order of the same



scaled filter hO all at once. This nmethod nmay save both conputation
conplexity and nenory bandw dth for subtraction purpose. Zc fdf ' h fO
beconmes (Y w§9ods J)o f f Joint PIC, OC and TIC1 int PIC, OC
and TI C may %eo p/g?{d%()fr med to achi eve hi gh performance ang’%wlﬁ%?oé@gé“system
capacity. Different decoding and cancel2ntion orders of PIC, O C and TIC
may yield different system perfornmance and different inpacts on hardware

design conmpl exity...PLLC Fjrst Then And. Tl . Toget he Lrgt .Sc )
[001181 FI Ggr%‘?,&’eﬁ?fftﬁ&W’a{hgsca%ceﬂ%?%g@?tu ORARES leﬁe‘g?%dr}nné ﬂ(dgr’a%flﬁﬁgﬁeragerform
O C and Tl Gpjirogt Befo déddderalp uséritrih the Gade 15106 firéte ané cthén ubtebet ithedrs
channel estinmation for all, users and pﬁ{gforrrs power _contr ol bl.ock 1202.

Since the pitecreReecopgibuipys ald & Ongk-e r56enda gppraash ?rhwelﬁﬁ;(g‘fféﬂg%t ract ed
once their %@Bﬁzahéw@f,&hqmlfm&lﬁ 'H&n&’\bﬁﬂpiﬂcﬂﬂore]e?ﬁ)ﬁent-ﬁﬁﬁéiﬁé Qchitelrb. USET S’

traffic channe and certain overhead channelg observe less interference
and are abl én bothivesesf the userg’rpackess whichrdorrot tennitatecad theesanaet sloirboupdi@y b8 Bl ock

1206 chooses_a,qgroup.G of undecoded users, .€. Q. ose..packet s .or
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over head/ t r atdousit ﬁh@ﬁﬁ%ﬁtﬁ@fﬁé’%éﬂdﬁﬁngﬁiﬁildai:ﬂ@ﬁtﬂﬂonduOﬂMA%ys'ké’zﬁZ, only the

successf ul I% decoded channel data will be reconstructed and subtracted from
en

the frdf2llend RENF(FABERillvpiraasyans prpardspspmprising Jesans 123Q;E3441t0 perfera dhes
whet her t herz%ﬂﬁfdeof ff;é el#éeﬁ%et&eaﬂsq%’&uﬁ fCtad 2 h@gfqegﬁﬁéﬁ&néﬁﬁé‘d pf ocess.

[ 00120] The ‘decodi ng/Teconstrtuction/cancell-ation nay sequent al

f ashi on f r orimrdenaee, ssfoware or acaminogiionof hiréwarexahd scfware.n t he group, whi ch may
be call uccessiye,, i nterference .cancel | atj on. | S r sers in
| ate ple@g'ailng or E@ A ﬁ%@%vmﬂ%eéﬁﬁ%wn@é%%oﬁ%%8@@511% group
benefits froghéha ﬁ%ﬂﬂiﬁisle@bh anmifd] chaReBestimaRah biotk 196X 0Bloblo 1 300REves

sinplified approach is to decode all users in the sane group first, and

then subt ra@t daterbased qhaunsl festimpfe corcoiefineduthiannal astimatgt  Siatpcbaseth ehanmebond

appr oach or ¢ Etg‘?n% ﬁﬁ)%debﬁ%ett&eéﬁ?i%ela%sziﬁﬁé Hé)tdgsch@%ﬁ)ﬁiw.'mﬁio&a'f dth and
nore efficient piIpel he architecture. N bot h cases, the Usérs’ packets

whi ch do notpetfemms residealaPIG, hiee..s samoves @t refised@atingato udf thevsigdah basedt bn tahi s
group of paclzre teglegteor}e elélma}cnrrle?regt}nrl]a{tgin%?gciell3l()&t ion. This cancellation may

[00123] For example, consider that blocks 1204-1210 resulted in removing an initial

signal estimate (e.g., pilot signal) P1[n] from the received samples. Then, based on a
better channel estimate derived in block 1300, the method forms the revised signal
estimate P2[n]. The method may then remove the incremental P2[n]-P1[n] difference
from the sample locations in the RAM 312.

[00124] FIG. 13B illustrates an apparatus comprising means 1230-1244, 1310, 1312 to
perform the method of FIG. 13A. The means 1230-1244, 1310, 1312 in FIG. 13B may
be implemented in hardware, software or a combination of hardware and software.

PIC First, Then OIC, And Then TIC (Second Scheme)

[00125] This second scheme is similar to FIG. 12A described above with the exception
that overhead channels of the same group of users are demodulated and decoded before
any traffic channels are demodulated and decoded. This scheme is suitable for a non-
interlaced system since no strict ACK deadline is imposed. For an interlaced system,
e.g., DO Rev. A, since ACK/NAK signals respond to the traffic channel subpackets, the
tolerable decoding delay for traffic channel subpackets in general are limited to within a
couple slots (1slot = 1.67 ms). Therefore, if certain overhead channels spread over

more than this time scale, this scheme may become unfeasible. In particular, on DO



account for a majority of the cancellation gain in an asynchronous CDVA
system [00121.] FIG 12B illustrates an apparatus conprising neans

1230- 1244 to performthe nethod of FIG 12A. The means %ﬁﬁ?-é&ﬁﬁnin FI G
12B may beWAAWPERMbed in hardware, software or a comblGHETERYIShkar dwar e
and software. [00122] FIG 13A illustrates a variation of the nethod in FIG
12A. Bl ocks 1204-1210 renove a signal based on an initial channel estimate
in block 1202. Block 1300 derives a_data-based channel estimate or a
refined chanfevA, auxifipgynilot changelsad &¢Ke phanne|are B sheerdiratiop formal padmay pet t er
channel EStiﬂgﬂd&nwﬁﬁlﬂﬁﬁﬁﬁ?@ed bel ow. Bl ock 1302 perforns residual PIC,
i.e., renoveS a revised estimate of the signal based on a refinenent of the
channel estinmate in block 1300. [00123] For exanple, consider that bl ocks
1204-1210 resulted in renoving an initial signal estimate (e.g., pilot
signal) Pi[n] fromthe received sanples. Then, based on a better channel

estimat e der jyigcPilol/OVePhéad}Bii#hic ChSantECARCNhAGNEIHid Ehik@ Selednk)Si gnal
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channgl s of  &hehea@RRriY Qdfhe? HetShiistioR aRd %‘d&ﬂfgl "El@&( 809 ﬁéﬁ%ﬁﬁ’seﬁld?féfﬁlle any
traffic channels are denpdul ated and decoded. T

his schene is suitable for a

non- i nter| avsts g OISand THC fonvplysuseisorithaopcegdolly desededchameddata. For an
interla stem,..£€.g. . Ree ' S o) t he
traffi c?@ggi%el Sr%lg%gegg gtogm%te@t icg?"éé Qﬁﬁél ecg%éﬁaesdd%{%%f a’fﬁ(’)er?%%r %bgfﬂi[‘eg

channel subpestiation for Peaera(blackel 402)yithieesilotOared o istibtacted fryph FERAM 3121 sl ot =

1.67 ms). Therefore, |f certain overhead annel s spread _over _ nore than
this time schgaveypaed E@ﬁ@ﬂ%ﬂ%ﬁﬁmw@% ﬁseusaﬁggmr gottyo} 23 fernopdCachen po wo
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channel are in a short-durat I on format an e subtract ed before TIC
Joi nt Pi | ot / Dethod perforis aéquentiatidesndislg (Wacksd408 and it 10T frea giver etd@cheme) [ 00126]

FIG 14k ust " 8% Anlblabeb RuFe0 dl b8 oRk G ofied e fner it 2

the pilot (block 1402). The pilot sees less interference compared to the time (block
1402) when it was demodulated for power control due to interference cancellation of
previously decoded packets which overlap with the to-be-decoded traffic packet.
Therefore, the channel estimation quality is improved, which benefits both traffic
channel decoding and cancellation performance. This new channel estimation is used
for traffic channel decoding (block 1410) as well as certain overhead channel decoding
(block 1408) (e.g., RRI channel in EV-DO). Once the decoding process is finished for
one user at block 1412, the method will subtract this user’s interference contribution
from the FERAM 312, which includes its pilot channel and any decoded

overhead/traffic channel.

[00129] Block 1414 checks whether there are more users to decode. Block 1416
terminates the process.

[00130] FIG. 14B illustrates an apparatus comprising means 1420-1436 to perform the

method of FIG. 14A. The means 1420-1436 in FIG. 14B may be implemented in

hardware, software or a combination of hardware and software.



bl ock 1400, the receiver derives channel estimation for all users and
perfornms power control in block 1402. Bl ock 1404 chooses a group G of
undecoded users. Bl ock 1406 re-estinmates the channel 0 i | ot Bl ocks
1408- 1410 WO28972086 5 perform overhead/traffic channel® %ﬁ% ?GF’?)n and
decodi ng. Block 1412 performs PIC for abk users and O C and TI C for only
users with successfully decoded channel data. [00127] Different fromthe
first schene (FIG 12A) discussed above after the channel _estinmation for

al | usef08131bl ock FIGobSA illusiates # seristign of hsimeinsh inFIGelfA-r BiackeRI0Aewss i ght
dth | C
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cancellation quality of the third scheme may be better than the first scheme.

[00134] From a hardware design perspective, the third scheme may have a slight edge:
the method may sum the pilot and decoded overhead and traffic channel data and cancel
them together, therefore, this approach saves memory bandwidth. On the other hand,
the re-estimation of pilot may be performed together with either overhead channel
demodulation or traffic channel demodulation (in terms of reading samples from
memory), and thus, there is no increase on memory bandwidth requirements.

[00135] If it is assumed that the first scheme has 80% or 90% cancellation quality of the
third scheme, there are tradeoffs between data rate per user verse gain on number of
users. In general, it favors the first scheme if all users are in low data rates region and
the opposite if all high data rate users. The method may also re-estimate the channel
from the traffic channel once one packet of data is decoded. The cancellation quality
shall improve since the traffic channel operates at (much) higher SNR compared to the
pilot channel.

[00136] Overhead channels may be removed (canceled) once they are demodulated

successfully, and traffic channels may be removed once they have been demodulated



be inplenmented in hardware, software or a conbination of hardware and
software. Tradeoffs Between The First And Third Schenes [00133] It may
appear that first scheme shoul d have superior performance conpared t t he
third scheMO ¥P¢i¥8%6he, pilot signals are known at the BRUSH q4f63ﬁakes
sense to cancel themin front. If both,gchenes are assumed to have the sane
cancellation quality, the first schene nmay outperformthe third schene

t hroughout all data rates. However, for the first schenme, since the pil ot
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rate per useprovesseseisglvsed lmmeinunber of users. In general, it favors the
first schene if all uysers re |n | ow dt rat r|.on and the opposite if
al | hi gh dat2EPpvHe aannel LN on AUcelloat e the channel  from
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then the FERMM Mpsth df 8 pYlofSIkrRigNs typically chosen as a compromise between increasing
the estimation SNR by accumulating more samples, while not accumulating so long that
the estimation SNR is degraded by the time variations of the channel. The channel
estimate from the pilot filter output is then used to perform data demodulation.

[00139] As described above with FIG. 4, one practical method of implementing
interference cancellation in a CDMA receiver is to reconstruct the contribution of
various transmitted chipx1 streams to the (e.g. chipx2) FERAM samples. This involves
determining the transmitted chip streams and an estimate of the overall channel between
the transmitter chips and the receiver samples. Since the channel estimates from the
RAKE fingers represent the multipath channel itself, the overall channel estimate should
also account for the presence of transmitter and receiver filtering.

[00140] This section discloses several techniques for improving this overall channel
estimation for interference cancellation in a CDMA receiver. These techniques may be
applicable to CDMA2000, 1xEV-DQ, 1xEV-DV, WCDMA.

[00141] To perform TIC of a packet that decodes correctly, the receiver in FIG. 4 may
take the information bits from the decoder output and reconstruct the transmitted chip



residual interference and noise. Pilot, overhead and traffic channel data
may be canceled in various orders, and cancel ed for subsets of access
termnals. [00137] One approach is to performinterference cancellation (of
any conbi NaDi2006/067086 PI C, TIC and O C) for one user at aFCtTi'qu&r%Wi’?he RAM
312. Another approach is to (a) accunubate reconstructed signals (of any
conbination of PIC, TIC and OIC) for a group of users and (b) then perform

interference cancellation for the group at the sane tine. These two
appr oaches rrgam dbyappencedingoresinierierving, demadiloting, ecapphing thendata sheskses
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[00143] Instead of estimating the multipath channel at each of the RAKE finger delays,

this section also describes a channel estimation procedure that would explicitly estimate
a combined effect of the transmitter filter, multipath channel, and receiver filter. This
estimate may be at the same resolution as the oversampled front-end samples (e.g.
chipx2 FERAM). The channel estimate may be achieved by despreading the front-end
samples with the reconstructed transmit data chips to achieve the T2P gain in channel
estimation accuracy. The time span of the uniformly spaced channel estimates may be
chosen based on information about the RAKE finger delays and an a priori estimate of a
combined response of the transmitter and receiver filters. Furthermore, information
from the RAKE fingers may be used to refine the uniformly spaced channel estimates.
[00144] FIG. 16 illustrates a model of transmission system with a transmit filter p(f),
overall/composite channel A(f) (vs. multipath channel g(t) described below), and
receiver filter g(f). The digital baseband representation of wireless communications

channel may be modeled by L discrete multipath components



gain, and re-spreading. To estimate the received sanples for TIC with the
pil ot channel estimate, the transmt chip stream would be convolved with a
nodel of the transmitter and receiver filters and the RAKE receiver's
channel eswonewseTisom despreading with the pilot PN s®GHARW476¢142]

I nstead of using the pilot channel estigate, an inproved channel estimate
(at each RAKE finger delay) may be obtal ned by despreading with the
reconstructed data chips thenselves. This inproved channel estinmate is not

useful for data denodul ation of the cket s{nce the packet | ready
ORI AR

decoded correctly, but is rather e%l,:% y'tor reconstruct
contribution of this packet to the front-end sanples. Wth this technique,
for each of vtee tHetayslexpath ampRides dre ageitiscofresmpndingldelay8tr dhokembioed , t he

met hod may "despread” the received sanples _(e.g., interpolated to chi px8)
with the r@é@ﬁﬁﬁ?&@%@f%ﬂ%?%v%iﬁ?t@@maﬁ’gdﬁg%qir?ﬁlf’if?’ r an appropriate

period of tine. This wll lead to inproved channel estimation since the
traffic channel is transmitted atéd pPgbwer than the pil otEqustigafel (this
traffic-to-pilot JT2P ratio is a function of data rate). Using the data
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effect of tH¥ transmitter filter, nultipath channel, and receiver filter.
This estimte may be at the sang resolution as the oversanpled front-end

sanples (e.g. chi p}(@):l;gm&)¢(t)'ﬂﬁ§¢q¢@n—ﬂﬂl estimate may be achiBaustibnisy
despreading the front-end sanpl® wth the reconstructed transmt data

chips t i eve e P gain Ln channel timati on accuracy.. The time span
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i nfor mat i on Rkpdhentd) Baddaidh the BgRfateiehalipathREarde] & dath 6f threSRAKE! fingefs. a

conbi ned response of the transmtter and receiver filters. Furthernpre,

i nf or mat i on Infthis gxaneple, ageotyal ghame] isshovgras aseolidiline, a1d; the o #e siveny ths v

d ch j ] . j
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h(t) (vs. mRAKBdingecdimnne|estippntes theRiCisi DBAl atdk | 8Bvare baseld on despreadingfwitht er

g(t). The digjtal. baseband repre t.i W rel ess communi cati ons
channel may 13@%55%@’2‘8"%5'3 Eveaﬁgmf“gg{éﬁﬁﬁwgt h conponents WO 2006/ 072086
PCT/ US2005/ OdesRdingtat RAKE Finger Delays with Regenerated Data Chips Instead of Pilot
Chips
[00146] The quality of channel estimation has a direct impact on the fidelity of

reconstructing a user’s contribution to the received signal. In order to improve the
performance of CDMA systems that implement interference cancellation, it is possible
to use a user’s reconstructed data chips to determine an improved channel estimate.
This will improve the accuracy of the interference subtraction. One technique for
CDMA systems may be described as “despreading with respect to a user’s transmitted
data chips” as opposed to the classical “despreading with respect to a user’s transmitted
pilot chips.” ,

[00147] Recall that the RAKE finger channel estimates in FIGs. 18A-18B are based on
despreading with the pilot chips (where the overall pilot SNR is -24dB). FIGs. 19A-
19B show examples of an improved channel estimate based on RAKE fingers and
despreading with the data chips, where the data chips are transmitted with 10dB more
power than the pilot chips.



L g(t) _a,8(t - r,) Equation 3 ra where the conplex path anplitudes are al
with corresponding delays 'r,. The conbined effect of the transmtter and

receiver fig , be defines as fi(t), where O(t) = Equat i on
4 where (r)ég(geﬁlo s convol ution. The conbined (t) is of"‘ )eUI’SIQOé) (’ijésr? to be

similar to a raised cosine response. F&f exanple, in CDMA2000 and its
derivatives, the response is simlar to an exanple 't) displayed in FIG
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- r,) Equation 5 145] FIGS. 18A and 18B show an exanpl e of channel
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[00150] Classical CDMA receivers may estimate the complex value of the multipath
channel at each of the RAKE finger delays. The receiver front-end prior to the RAKE
receiver may include a low pass receiver filter (i.e., ¢(f)) which is matched to the
transmitter filter (i.e., p(¢)). Therefore, for the receiver to implement a filter matched to -
the channel output, the RAKE receiver itself attempts to match to the multipath channel
only (i.e,, g(f)). The delays of the RAKE fingers are typically driven from independent
time-tracking loops within minimum separation requirements (e.g., fingers are at least
one chip apart). However, the physical multipath channel itself may often have energy
at a continuum of delays. Therefore, one method estimates the composite channel (i.e.,
h(?)) at the resolution of the front-end samples (e.g., chipx2 FERAM).

[00151] With transmit power control on the CDMA reverse link, the combined finger
SNR from all multipaths and receiver antennas is typically controlled to lic in a
particular range. This range of SNR may result in a composite channel estimate derived
from the despread pilot chips that has a relatively large estimation variance. That is
why the RAKE receiver attempts to only place fingers at the “peaks” of the energy
delay profile. But with the T2P advantage of despreading with reconstructed data chips,
the composite channel estimation may result in a better estimate of A(¢) than the direct
estimate of g(z) combined with a model of ¢ (?) .



power than the pilot chips. WO 2006/ 072086 PCTI US2005/ 047636 27 [00148]

FIG 20A illustrates a nethod for despreadi ng at RAKE fi nger deI ays with
regenerated data chips. In block 2000, rake receiver 314 7) despr eads
front - end weaenslozzssar t h pi | ot PN chips to get RAKE findg&fr %?015,/8%63@ n bl ock
2002, denodul ator 304 perforns data deggpdul ation. In block 2004, decoder
308 perform; data decoding and checks CRC. In block 2006, if CRC passes,
unit 400 determnes transm tted data chjps_by re-encodin re- |nterI eavi ng,
r e- nodUf82Ing and Fba@slr eslimattpn pwcaiuawe%@sg hegeint exphigitlye syineaiess ther ont - end

| ;
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sampling approach is particularly useful when the estimation SNR. is hlgh,

corresponding to the case of despreading with data chips for a high T2P. When the T2P

is high for a particular user, the channel reconstruction fidelity is important.

[00154] FIG. 22A illustrates a method for estimating composite channel at uniform
resolution using regenerated data chips. Blocks 2000-2006 and 2010 are similar to FIG.
20A described above. In block 2200, RAKE receiver 314 (FIG. 4) or another
component determines time-span for uniform construction based on RAKE finger
delays. In block 2202, demodulator 304 or another component determines an improved
channel estimate by despreading front-end samples with transmitted data chips at
uniform delays for an appropriate time-span.

[00155] FIG. 22B illustrates an apparatus comprising means 2020-2030, 2220, 2222 to
perform the method of FIG. 22A. The means 2020-2030 in FIG. 22B may be
implemented in hardware, software or a combination of hardware and software.

[00156] In the description above, g(t) is the wireless multipath channel itself, while h(t)
includes the wireless multipath channel as well as the transmitter and receiver filtering:
h(t) = g(t) convolved with phi(t).



t he conposite channel estimation may result in a better estimate of h(t)
than the direct estimate of g(t) conbined with a nodel of 0 (t) . WO
2006/ 07208 05/ 047636 28 [001521 A channel estj| ' cedure
descri bed S‘é‘?gﬁgﬁi@ﬁ% icitly estimates the conbined eff g?;[féforﬂf/ﬁfg%s
transmitter filter, nmultipath channel, 2thd receiver filter. This estimate
may be at the sane resolution as the oversanpled front-end sanples (e.g.,
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1001531 FI ow an exanpl e of estimating the conposite channel
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data chips SNR is -4dB,_ corresponding to a pilot SNR of -24dB and a T2P of
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[00154] FIG 22A illustrates a nethod for estimti n% conposi te channel at
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2020- 2030, 2220, 2222 to performthe nethod of FIG 22A. The neans

2020- 2030 i dordats chipsmngyyeagastruct” for samples exclusively. Then, a receiver may have a
' data chip regeneration unit and a sample reconstruction unit.

Adaptation Of Transmit Subchannel Gains On The Reverse Link Of CDMA

Systems With Interference Cancellation
[00161] Multi-user interference is a limiting factor in a CDMA transmission system and

any receiver technique that mitigates this interference may allow significant
improvements in the achievable throughput. This section describes techniques for
adapting the transmit subchannels gains of a system with IC.

[bl)l62] In the reverse link transmission, each user transmits pilot, overhead and traffic
signals. Pilots provide synchronization and estimation of the transmission channel.
Overhead subchannels (such as RRI, DRC, DSC, and ACK) are needed for MAC and
traffic decoding set-up. Pilot, overhead and traffic subchannels have different
requirements on the signal to interference plus noise ratio (SINR). In a CDMA system, a
single power control may adapt the transmit power of pilots, while the power of
overhead and traffic subchannels has a fixed gain relative to the pilots. When the BTS
is equipped with PIC, OIC and TIC, the various subchannels see different levels of



i mpl enented in hardware, software or a conbination of hardware and software.
[ 00156] In the description above, g(t) is the wireless nmultipath channel

itself, while h(t) includes the wreless rrultipath ch as the
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2006/ 072086 PCTI US2005/ 047636 29 [00153] In t he description above,
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[ 00161][0M8B} i - us dnterferennef erroeBatians refers bt mv@,omta)rcdnmlaltlgmlvnft logieahi ssi on
system and recejver a er f e. my

al I ow si gni fsﬁﬁ e?sr #p&‘g\ﬁ?ﬁ;g g?‘"ﬁpl gﬁeacqhﬁgsgvgé ‘ﬂ?g %ﬁﬁn (Fe'f??({é » Tection
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systemwith |C. [00162] In the reverse link transm ssion, each user
transmits pitfaaemitsd @ilpksignal is knowm rf the BTY 3ad dhe pecriyed pHploisi igepnstructed

synchroni zatjpg &d cfankiMkifReOm L PR 8200 Shé AterARBS!is removed by
reconstructing the received subchannel through its decoded version at the BTS.
[00166] Current BTS (with no IC) control the power of the pilot subchanne] E, in order

to meet the error rate requirements in the traffic channel. The power of the traffic
subchannel is related to pilots by a fixed factor T2P, which depends on the payload type
and target termination goals. The adaptation of the pilot power is performed by closed
loop power control mechanism including an inner and outer loop. The inner loop aims
at keeping the SINR of the pilots (Ecp/Nt) at a threshold level 7, while the outer-loop
power control changes the threshold level 7, for example, based on packet error rate
(PER).

[00167] When IC is performed at the receiver (FIG. 4), the adaptation of the subchannel
gains may be beneficial to the system. In fact, since each subchannel sees a different
level of interference, their gain with respect to pilots should be adapted accordingly in
order to provide the desired performance. This section may solve the problem of gain
control for overthead and pilot subchannels, and techniques are described for the
adaptation of T2P which increase the throughput of the system by fully exploiting the
IC.



Over head subchannel s (such as RRI, DRC, DSC, and ACK) are needed for MAC and
traffic decoding set-up. Pilot, overhead and traffic subchannel s have
different requirenments on the signal to interference plus noise ratio
(SINR). | rwe 2@BlM086/stem a single power control nay XGIPS240584%63%nsni t
power of pilots, while the power of ovgfhead and traffic subchannels has a
fixed gain relative to the pilots. Wien the BTS is equipped with PIC, AQC
and TIC, the various subchannel s see different |levels of WO 2006/ 072086
PCT/ 1JS2005 Impertapt Paame pstem Wit di ng on the order of 1Cs and the
cancel | n cap WeEH
subcharm‘tsa]l ngai ns%%) a&%x?q?erts rltl%tsy te%&ggr&% %@n@%@gé&s%%%%%%% sectci on
descri bes neavpilat (il‘ZR)ngam)I Whermn T8Q i ie sictivey thmevcthéa’demnhanlndg'ga:im mgyblkzhannel s

on a systemthat emsnts I The tech ues ar d,o stems
such as EV-E?ﬁ‘??é ﬂvﬁﬁrtﬁf%eﬁgb 5% f aq’l?%’ Woﬁeﬁ @ &? %[E)%?

cdma2000. [ QRdb4hl o%ﬁlea&ﬁ&fdrﬁaﬁbet B lABAdHHE With' G Mwnméhxﬁ@@gedaﬁdhegam@npont rol
on different subchanne adaptively changing the gain of each subchannel
accordi ng tGYQt%ﬂlM%MﬂE@IO%@PPWh%ﬁ@W Saé,ﬂfWﬁ]gW packet error rate, SINR
or interference power. The aimis toir%\/ i\de a reliable power and gain
control nechanismthat allows fully ploitsi'ng the potentials of IC while
provi di 91|65]0bUSt f&-}é Qnefheb BRAbVENE ﬂ[blt gttfblcﬂazﬁkfeé?see HRIsn 8 il Bk ?év\éﬁ

subchanne [001 nterterence cance on refers to renoving a
contri buti oras die traffjc cldnnels ahd h@entaih sattod['ZPV@ nfaycgive mmdfastarwpﬂﬁ)rmﬁncerfon hose

subchannel s h ve hee d er to red e i,nter,f er.ence on ot her
i onal s ¢ hat?oR) PYCRER JBA GG tisapes Bertimsnce a4 WET % PARLHPERLASHRRORSS] gnal
i's known at WH@ 1Tz @8dl thé ertérbaeticy ¥seDis| differest fof GRMNSeftead/pilots Hﬁd taiffiche
channel estimte, In TIC or O C, the interference is renpved

r econst r uct iag T2Ramarbe refugeds wharer-a Allow oBergnt w@na@&sd%dh%v%%ﬁs af the
BTS. [00166] =Tl Oy [

subchannel ESBG#{I or derﬁJlsagweﬁg’ ﬁg%dé(%erglggﬁég{lagtl?g%l rerr%%%?g?ﬁyltah%&%rr affic
channel . TheApoweith aéspeétetot thafihbutated whicainnedder o satisfit € fequiptrhenitss By a
fixed factor T2P, which depends on the payload type and target term nation

goal s. The aleagingtwignTaR ther’o@sqimpa"ﬂP r ¢ parfieplacpayiead iy thel cysrent systemp power
control i nner and outer |oop. The inner |loop ains at
keepi ng the@@%‘ +1e pl‘?‘g)ltab% (Ecp/Nt) at a threshold level T, while the

outer-loop power control changes ttmpt@rgph@“j | evel T, for exanple, based

on packet error rate
[00170] The parameter A,,,can be quantized into a set of finite or discrete values (e.g., -

11'.

0.1 dB to -1.0 dB) and sent to the access terminal 106.

[00171] Some quantities that may be kept under control are traffic PER, pilot SINR, and
rise over thermal. The pilot SINR should not drop under the minimum level des'ired for
good channe] estimation. Rise over thermal (ROT) is important to ensure the stability
and the link-budget of the power controlled CDMA reverse link. In non-TIC receivers,
ROT is defined on the received signal. In general, ROT should stay within a
predetermined range to allow for a good capacity/coverage tradeoff.

Rise Over Thermal Control
[00172] Ip indicates the power of the signal at the input of the receiver. The cancellation
of interference from the received signal yields a reduction of power. [’ indicates the
average power of the signal at input of the demodulator 304 after IC:
I,'<1T,.



(PER). [00167] When ICis perforned at the receiver (FIG 4), the adaptation
of the subchannel gains nay be beneficial to the system In fact, since
each subchannel sees a different |evel of interference, their a%p with
respect t owQ0060%208houl d be adapted accordingly in or 3@?"{38006/10%\9 de the
desired performance. This section may sgj ve the problemof gain control for
overhead and pil ot subchannels, and techni ques are described for the
adaptation of T2P which increase the {hroughput of the systemby fully

expl oi ting tHhe valpeot inrmey)bemeasprgdr Gesbersh ewp eréigwﬁm widated

Paranet ers iBnaneis tWikYc Rrﬁseﬁoﬁ%%ﬁgkoﬁ“@sﬁ@hﬁﬁ@{aﬁfﬁr%eﬁ%d be adj ust ed

are overhead subchannel gal and traffic to pilot (T2P) gain. Wen TICis
active, t he suwbainehdndéBOT anid begontrodledrimythipespedt twa Bueshald ke lteensurs tha
non-TIC), in order to allow a nore fle>§i ble trade-of f between the pilot and
overhead performance. By denotingpr@rth-&4Rerpaseline G used in the current
system the new val ue of the overhead &pannel "gain will be: G =GA0. [00169]
In no-1C schenmes _the overhead/ pil ot subchannels see the sane interference

| evel as t éhepeliris the nOFEMAYFS and a certain ratio T2P/ G may give

sati sf per RLIBAC r h?%qa i or mance
as wel ?ﬁgfgg%i | ot i@hannéﬁaéggﬁnﬁgﬁlgﬁg%ﬁ&@\%gﬁc |1§SB%%§5?IS(? E‘gﬂﬁn‘ﬁ% Z(r:'!?gé{ance

| evel is di fdeexding petformarve of thescmhchiapndloisselated td thafrise oyer therohal] Afeasweed be

reduced in order. . tg. .allo heyent. performance gf the two Ly of .
subchannel s.aﬂﬁrpic' @F@‘éenﬁlggpﬁgéﬁ,rat‘?ﬁ’@%[‘%%s% HO&ertahgr %él?’g‘gzll:er’é‘ﬁ?e by a
factor AT2Rowet. IThé 8FREIGE ROT hblebé soattbRddesy A4dtddiold, ilk.,or der to satisfy the
requirenents. By denoting with T2P the baseline T2P used for a particul ar
payl oad in the current system BB n_eﬂv%%}ﬁ?,(,p,f T2P will be: T2P =T2P AT2P
e paraneter can anty z 0 a set of finite or discrete
[00170[ Th AT2P b zﬂ‘”wo i frt f fini di
values (e.g., - 0.1 dBto -1.0 dB) and sent to the access term nal 106.
1001711 SomeTheoustraink 66 the RO T fhmy be edudvalently dated @ acomstraimt on Iy, amliérahd’ER,

pilot SINR and rise gver thermal. The pilot SINR should not drop under the
i ni num | evé‘FsuH’é?P?gHt&‘GlmlSﬁWS%Fmé aMget i mati on. Ri se over thermal (ROT)

is inmportant to ensure the stability aggimrs he |ink-budget of the power
controlled CDVA reverse link. In non-"PI'C® €cei vers,

where I is the signal power threshold corresponding to ROTH .
Fixed Overhead Gain Technigques
[00174] When the ROT increases, the SINR of the pilot and overhead channels (which do

not benefit from IC) decreases, leading to a potential increase in the erasure rate. In

order to compensate for this effect, the overhead channel gains may be raised, either by
a fixed value or by adaptation to the particular system condition.

[00175] Techniques are described where the gain of the overhead subchannel is fixed
with respect to the pilots. The proposed techniques adapt both the level of pilot

subchannel and the A,,, for each user.

Closed loop control of T2P with fixed A =0 dB

[00176] FIG. 23 illustrates a closed loop power control (PC) for E., and Apzp and fixed
Ag = 0 dB (block 2308). This first solution for the adaptation of App and E,
comprises:

[00177] A. Inner and outer loops 2300, 2302 may i)erform power control in a

conventional manner for the adaptation of E.,. Outer loop 2300 receives target PER and



ROT is defined on the received signal. In general, ROT should stay within a
predeterm ned range to allow for a good capacity/coverage tradeoff. Rise
Over Thernmal Control [00172] |o indicates the power of th i t the

i nput of tWO2PWHEer . The cancellation of interfer enc@ﬁ%ﬂ&@%@ ecei ved
signal yields a reduction of power. |0' shndicates the average power of the
signal at input of the denodul ator 304 after IC 10'S 1o . W 2006/ 072086
PCT/ US2005/ 047636 32 The val ue of 1o maybe neasured fromthe front-end
sanpl es af t eiraffic PERs Ipessdoem2Mageeivgsaibreniold & 2308 and jagneasuysd pilet BBYR  t he
ROT is still irmg)ql{s%nt for the overhead subchannel, and ROT should be
controlled with Fespétt to a threshold, i.e. to ensure that ROT = N < ROTs",
No wher@oi48] i s t B Aailesed papegain ¢@firdl GFCHBM6\adapts Arpfthsal enthe swsasurevfr head

bch | fit. al f he.IC T di ft
Subehannel o RERTIvE] B eticpo Th gun ool 2GRS MkaRiFe ROTEm dncapasd ©
Effective RQIg)TéffTaﬁ@oié@rﬂs QADE YRERCENG HéddRal tHROMRHferRhtE ferldved BY tﬁFéée)gzsnoi se

power. The ef [ may be controlled by a threshold, i.e = N <

ective

ROL1, No Tichemeomsitadaptatdrzn t he ROTq may be equivalently stated as a

constraj n lo,~under th S t] t opse. | ev S

change: tOPBPg 1(t h(;‘)' %8‘3%%&5% %‘n’igsm%ﬁggs}? gar%% cﬁgswar T %’?Seg 60?1(%)%‘ sebidt

corr espondi ngriodicBGT4f). Fi xed Overhead Gain Techni ques [00174] Wen the

ROT increases, the SINR of thgfa&izl Q} and qver he%ﬁmann | s . (which do not
P t3tgy IG g

benef it [00}80h | ©) Eog&ecadaptation thg inferierensy Kdedused fiom fonto lay asur e

rate. In or } . the overhead channel gains
e@? frop ea@wagggeag@yf 8duckd thh@E;{xﬁg&y. g

may be rais el t her I'xed val ue y adaptation to the particul ar
system condi tion. [001751 Techni ques arlg dBOTyi bed where the gain of the
overhead subchannel is fixed w tHPmeSpgecét ‘he pilots. The proposed
t echni ques adapt both the level of pilof subchannel and the AT2P for each
user. 100181 The E, will increase (through the PC loop 2304) as:
I
E '=—2FE .
P Iéthr) p
[00182] The ratio between the total transmit power for the system with and without IC
will be:
_ E,(1+G+T2P)

E,'(1+G+T2P")

where G is the overhead channel gain. For large values of T2P (with respect to G), the

ratio C can be approximated as:

[00183] For the estimation of the effective ROT, the effective ROT changes rapidly due

to both PC and changes in channel conditions. Instead, A,,, reflects slow variations of
the ROT,4 Hence, for the choice of A,,, the effective ROT is measured by means of a
long averaging window of the signal after IC. The averaging window may have a

length at least twice as long as a power control update period.
Closed Loop Control Of T2P With Fixed A¢> 0 dB

[00184] FIG. 24 is the same as FIG. 23 except the gain control 2306 receives a threshold
effective ROT, and Ag > 0 dB (block 2400). This alternative method for the adaptation
of Ap,p is based on the request of having the same cell coverage for both IC and no-IC

systems. The E, distribution is the same in both cases. The effect of IC is twofoldon a



Cl osed | oop control of T2P with fixed Sc = 0 dB [00176] FIG 23 illustrates
a closed | oop power control (PC) for Epp and Anp and fixed AG = 0 dB (bl ock
2308) . Thi ution for the adaptation of Ay2P a i ses:
[001771 A é%@%gﬁg outer |oops 2300, 2302 nay perfor mggi@?"“@gﬂﬁﬁm in a
conventional manner for the adaptation 3 EP. Quter | oop 2300 receives target
PER and WD 2006/ 072086 PCT/ U82005/ 047636 33 traffic PER Inner |oop 2304
receives a 3 (o} A h p.
[00178] B. }Zt‘mg’ﬁés %P'sot%‘% 8%“% 5839@3% %llﬁnN%aSAxu s&)%g%gtcﬁégﬁ t he
measure of sighdl gosiepoe thel systerf m‘tleno dC ﬁhducgtn dosaddbwp)bo@aﬁﬁmtrebw PER
nmeasured ROT and neasured ROTeff and outputs Agé The receiyver, measures
the i nterf epeniob Io cwhiens toypersiilar to the sigBakPoRicr ObS sysemws oG frgg 15C. AT
can be sent é %@i@% age to all access termnals 106 in a sector

peri odi callﬁ f or the adaptation of An,, if the interference after
ICis reduced fromto tolo', the T&Phrbam@p(emonsequently reduced of the

quantity: Aja z ROTS T2P to R@,; E i]——BPf—E will increase (through the
PC loop 2304) as: E'=10E . er I(wem 8 ©0182] The rati o between the
total transm ower for tE systemwith and without 1C wll be: C=FE
(1+G+T2P) Se ere Gis the overhead channel gain. For |arge

val ues [6185]2P (wWridh 259BRMGtes PC {6 B, lah€ Arjpdhied o thACKesubpiRinG]i with fikdas :
j<u") Ce Iog 100183] For the estlmatlon of the effective ROI, the

ef fecti ve Roverbepdriyechiapnghgain(blaeke2506
[00186] The closed loop GC of Arzp requires a feedback signal from the BTS to the AT,

where all ATs receive the same broadcast value of App from a BTS. An alternative
solution is based on an open-loop GC of Arzp 2510 and a closed loop PC 2500, 2504 for
the pilots. The closed loop pilot PC comprises an inner loop 2504, which adjusts the £,
according to a threshold value T,2502. The outer loop control 2500 is directed by the
erasure rate of the overhead subchannels, e.g., the data rate control (DRC) subchannel
error probability or DRC erasure rate. T, is increased whenever the DRC erasure rate
exceeds a threshold, but is gradually decreased when the DRC erasure rate is below the
threshold.

[00187] The App is adapted through the ACK forward subchannel. In particular, by
measuring the statistics of the ACK and NACK, the AT can evaluate the traffic PER
(block 2508) at the BTS. A gain control 2510 compares target traffic PER and measured
PER. Whenever the PER is higher than a threshold, the App is increased, until 72P’
reached the baseline value T2P of the no-IC system. On the other hand, for a lower
PER, the Apyp is decreased in order to fully exploit the IC process.

YVariable overhead gain techniques
[00188] A further optimization of the transceiver can be obtained by adapting not only

Arp but also the overhead subchannel gains (G overhead) to the IC process. In this
case, an extra feedback signal is needed. The values of Ag can be quantized from 0 dB
to0 0.5 dB.

Interference power-based overhead gain control
[00189] FIG. 26 is similar to FIG. 24 except with overhead GC 2600. A method for GC

of the overhead subchannel 2600 is based on the measured signal power after the IC. In



to both PC and changes in channel conditions. Instead, AT2P reflects sl ow
variations of the ROTef Hence, for the choice of AT2P the effective ROT is
measured b a |ong averagi ng wi ndow of the si ,?U f | C. The
aver agi ng VX\)/Yn ogv/ﬁﬁg% have a length at |east tw ce as Igﬁ gg’oé{&gﬁfer
control update period. Cosed Loop Cont3l O T2P Wth Fixed AG > 0 dB
[00184] FIG 24 is the sane as FIG 23 except the gain control 2306 receives
a threshold,.eff | e . %@g > o) Thi .pative
met hod for %ngagigig%t g‘k"ilsl(?%mg%{] per itqspr{bgglggg(e %ﬁﬁgﬁﬁequ%ﬁ&g? yﬁ%r\%%% t he
same cel |l cavelCadkhef signilobéfoleCIG s nan- [nCreaseds pewar. ITland Hhe divedtheadoghinon i s
the same in both cases. The effect of IC s twofold on a, WO 2006/ 072086

PCT/ US2005/ 62mpesgatesfor thg qua%Fédéﬁﬁogﬂ?%‘iee g )mPlﬁ@eB‘PE;?PanaB&/é? 015%#2 e IC
lo, wll in%ﬁﬁ%§§eﬂﬂl§:h respect to the signal power of the systemw th no
IC, ii) dueto Closed-|oop power control by PER control, 10" wll tend to
be simlar to the signal power of, the Rysta@With no IC. AT ,, is adapted
as follows: I"') ROT"~ O hr ArzP=¢ i~ pmw) "Refhreif ACK-based control of AnP
[00185] FIG 25 illustrates PC for Ep ‘and AnP"based on the ACK subchannel

Wi th fxmﬁdm over heagha§URCAMABRLA BPh¢t dddhuliek 02 Gince [HR9 WtRuld dheespordsd | oop
GC of Arzp requires a feedback signal fromthe BTS to the AT, where all ATs

r elcei ve the dg@e@g the@wethead subal?amaelcpbwéf?lﬁclﬁ fsonﬂinelﬁTchae K’eﬂpiial.t e (r]I niat ive
solution is based on an qpen-I| oop of AnP 2510 and a cl ose oop_ PC 2500,
2504 fdPO19tlhe pi TR gainTand ROVSE &anife Sphemia Hey Meluds Ay ingersandrouteraep Phop 2504,

hi ch ad] usb3ed B0 Tir 2. 266 A9, e 1N AR BelsY 36 Heschib? e, et o

| oop contro ec asure rafe e overhe

subchannel s jogp. GC123b@$oldjﬁh§, Whire 591 ﬂ&eaewm%v&cmam is fov@h tiggbabi lity

§%
or DRC erasuré rate. IS I ncreased whenever the DRC erasure rate exceeds

a threshol dyalbatandds decaehsed whenibe PERs clmiehe tanget DRGwimwrn devel of bk s bel ow
Lhe L eshahided O04ALM e eARFicha FIBRLIE o the ACK forvard

subchannel . “Tn par measuring the statistics of the ACK and NACK,
the AT can @ORCOhile Ovechead Tdin Cokiripl
[00192] FIG. 27 illustrates a variation of FIG. 26 with DRC-only overhead gain control
2702.

[00193] Even when the overhead subchannel gain is adapted, the gain control of Amp

2700 can be performed with a closed loop, as described above. In this case, the' E,, and
Arzp are controlled as in the scheme of FIG. 23, while the adaptation of the overhead
subchannel gain 2702 is performed through the DRC erasure rate. In particular, if the
DRC erasure is above a threshold, the overhead subchannel gain 2702 is increased.
When the DRC erasure rate is below a threshold, the overhead gain 2702 is gradually

decreased.

Control Of T2P In A Multi-Sector Multi-Cell Network
[00194] Since the GC of Arp is performed on a cell level, and an AT 106 may be in

softer hand-off, the various sectors may generate different requests of adaptation. In this
case various options may be considered for the choice of the A,,, request to be sent to

the AT. At a cell level, a method may choose the minimum reduction of T2P, among
those requested by fully loaded sectors, i.e.,

A = max  {AY)
T2P ™ efionded secton){ T2pP



(bl ock 2508) at the BTS. A gain control 2510 conpares target traffic PER and
measured PER Wenever the PER is higher than a threshold, the ATTP is

i ncreased, until T2P" reached the baseline value T2P of the no- Ig system
On the ot WO20¥MI20860r a | ower PER the Azzp is decr edSSdVPASOEEE to fully
exploit the IC process. Variable overhegg an techni ques [00188] A further
optim zation of the transceiver can be obtained by adapting not only AnP
but al so the overhead subchannel gains (G overhead) to the I C process. In
this case, wieredt), astheedpackquitedbaithe ssctope d8w. AT may vedeivedifffretdsC, can be
quantized fromO dB to 0.5 dB. Interference power-based overhead gain
control [ 007geHestsfigm vasiops cellsandaisoip this ¢ase, yarious crifpnagan e adoptadedd GC 2600.
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case, the Embgr@ﬁsgmlﬂuﬂmgﬁ&ﬁmtﬁﬁ provi de the sane cell converge of a
systemwith no I C The signal before |IC has an increased power |o and t he
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corres pqu o] de(mieemertaﬂtaspmexslfe!aﬂe swobildsaonsd TR weT2RvkiAgty, wheraripkiel y t o
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and out er Io{?g’“g"g?]d] Qtsgl? %gj§ BaSF 1= dpeasurements Igfsé\% ?g{s @dlﬂfﬁf}gg%%é"for .
as descri bedaRR9@e ofN"PRAAG' ETPR A%ﬂé@ﬁc isOollsoARulatEHeHt he/BIT'S.| Withisds@ased
whenever the PER i s above a target value, and is decreased when the PER is

bel ow t he t adelfatfactarsrralontatadh atdhe BTSf thay are kroadgast dweench FS tesglbihiasesst o t he
| evel of the No- !lg\{h%crgéc\{gg‘?ﬂ%%mw Overhead Gain Control [00192] FIG 27

Il lustrates a vari’ation o ® with DRC-only overhead gain control
2702. [ poierp] Evel’hewbﬂcmptshﬁscmsedhaadnmyhmhpplmﬂltogaVGMaybnmeﬂthms gain

OO o vehrad et e el b i 3P b RorBEet{ R it 200V
dedicated phys1cal control channel (E-DPCCH), or a high-speed dedicated physical
control channe! (HS-DPCCH). The WCDMA system may use a dedicated physical data
channel (DPDCH) format and/or an enhanced dedicated physical data channel (E-
DPDCH) format.
[00198] The disclosed herein may be applied to WCDMA systems with two different

interlace structures, e.g., a 2-ms transmit time interval and 10-ms transmit time interval.
thus, a front-end memory, demodulator, and subtractor may be configured to span one

or more subpackets of packets that have different transmit time intervals.

[00199] For TIC, the traffic data may be sent by one or more users in at least one of an
EV-DO Release 0 format or an EV-DO Revision A format.
[00200] Specific deéoding orders described herein may correspond to an order for

demodulating and decoding. Re-decoding a packet should be from re-demodulation
because the process of demodulating a packet from the FERAM 312 translates the
interference cancellation into a better decoder input.

[00201] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



ETTP are controlled as in the schene of FIG 23, while the adaptation of the
overhead subchannel gain 2702 is performed through the DRC erasure rate. In
particul ar we o0b/R0ssDRC erasure is above a threshol d, tperp¥RbdGEdISs

subchannel gain 2702 is increased. Wen the DRC erasure rate IS eI ow a
threshol d, the overhead gain 2702 is gr¥dual |y decreased. Control O T2P In
A Multi-Sector Multi-Cell Network [00194] Since the GC of /Snp is perforned

on a cejeredjevel , TiRE RAYATinlME HPWokle firther SphletiatehRRdtRl Yariohd) AluvRdtiveUs
sectors may generate different requests of adaptation, In this case various
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and G = G x A0, where AC is also calculated at the BTS. ththegm1 delta

factors cal BuisathimplementationAecisiprehonld aohbe mirprsted BY CaMgng agerariuge t he

access ter , £ hvagsRr dingly. [00197] The concepts discl osed
herei n may E]ee% polf\g%()pr sy 1ststem whi ch uses overhead channel s such

as a. dgei2edt ed pApsi WOus:olhlsn‘aﬂlvech@mablblc(cwwbblulesarmxdnbimweoﬂesmmiat ed
hysi cal control,. channel hi 0 ed dedi ¢ hysi gal
Eoﬁt rol chafqfEre %P&l—éﬂlzbo?ﬁ’é °S§§§F@H Wﬁg%ﬁé@l’ mﬁ&%ﬁé’étp 5 §S| cal
data channgfh tp ¢/ aadigi mf@?ﬁp Prodeddbe Ay ad ofat a
channel (E- %DP( Eagfﬂc}r}f)‘rrg%xm[ 018613348} %’he di scl osed herelﬂgspl.) ijgpé:;éed to

WCDMVA syst efecifict itegratedagiroutt (AHC), ianfield [paegsammpble izatectraye(F§GA)pra
transmt ti R L EINE 1080 9dehie Bail A0 ST dr! ManstsrCiogd, - 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, ¢.g., a combination of a DSP and a microprocessor, a plurality of
Mmicroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[00204] The steps of a method or algorithm described in connection with' the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium. A storage medium is coupled to the processor such that the
processor may read information from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to the processor. The processor and

the storage medium may reside in an ASIC. The ASIC may reside in a user terminal.



thus, a front-end nenory, denodul ator, and subtractor nmay be configured to
span one or nore subpackets of packets that have different transmt tine

i nterval s. or TIC, the traffic data nay be sen nor e
users in at“[ @g@ %érg:e of an EV-DO Rel ease 0 format or gﬂﬂéﬁ%“%\?i sion A
format. [00200] Specific decodi ng order38 descri bed herein may correspond to
an order for denodul ating and decodi ng. Re-decodi ng a packet should be from
r e- denodul at | use r ul E?i t _fr. he FERAM
312 transl a eg&% ﬁ&e%grﬁl n eéﬁ%?g%g%%ﬁ%ﬁgg{‘f gsﬁ}%% I'n gﬂgxﬁagf?eéi@%daescggge% nput .

[ 00201] Thosempdneatsiih b usen tértgnafir t woul d understand that information and
signals may be represented usj any of a variety of .different technol ogies
and tec,wmp_éues. Ii'fﬂgdm&é‘ﬁ?)ll@?“ddgtg@}mg r#g’f F%rWP‘&Pn@{‘XGBrﬁ%gr}lefero‘feﬁé’Lni on,
signals, bi kéutiofd/ "PRsE hefitbsd Rt intehtied 16 ThiPBe 560pR! TS CorcFtO UMY the
above description may be represented by voltages, currents, el ectromagnetic
waves, magnéieran updsrdandotheseaganieptemay bpvd epplicahiltyds other spetions $irewghowy any
conbi nat i onéﬁeh=\'he_,;:osf.e %\Qﬁég%/ 072086 PCT/ US2005/ 047636 37 [00202] Those of
skill in the art weard gurt her appreciate that the various illustrative

| ogi cal[odzbeicks, Whelpteedus déstiptichf tiRrdiscisgbembddimenits Rprelded tb leagblé my
connection wth the . enbodi ments di scl osed herein may he inplenmented as

el ectronic ﬁﬁﬁsﬁﬂv&?’é‘?‘l adhs ot B}Wt%Fbé,PrﬁPn@BYﬁﬁﬁﬁ&t VaHeuUsTRoOHEEoNs Y c| ear | y
illustrate s eﬁl%(ﬁﬁl%’%ﬁﬁ%t&'rkddﬁlﬁggﬁz}reeﬁ;% HRRE SkifBE i Bk bk tsh\é?ehéﬂés

illustrative conponents, ocks, , Clrcuits, an Step ave been
descri bed alponaplge definet lhereimmay bersppifed tdvefher émbutiments withgut départiteg fromuch

functionali is.inplemented.as hardware,.or software. depends, u t.he
parti cul ar BepRitRooBH o e ARen oLt dingiend ilich SO BT LAY
system SKi hinfidd a6t the amsbodiients SHoweNBétint g idasChd hadrded Nt ivaidest istopel N
varyi ng ways for each particul ar application, but such inplenentation

deci si ons s keRpisien; ¥ithde princplesapd aoveh featuresdiselpsed BEPEr t ure from the scope
of the (6928 ent i Wﬁﬂﬁ‘lgrbL .The various illustrative |ogical blocks,
nodul es, and circuits

escribed 1n connection with the enbodi nents

di scl osed herein may be i nplenented or perfornmed wth a general purpose
processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
progranmmabl e | ogi ¢ device, discrete gate or transistor logic, discrete

har dware conponents, or any conbi nation thereof designed to performthe
functions descri bed



herein. A general purpose processor may be a m croprocessor, but in the
alternative, the processor nmay be any conventional processor, controller,

m crocontroller, or state machine. A processor nmay al so be inplenented as a
conbi nati on of conputing devices a conbination of a DSP and a

m croprocessor, a plurality of nlcrog?ocessors, one or nore nCcroprocessors
in conjunction with a DSP core, or any other such configuration. [002041
The steps of a nethod or al gorithmégég@gbed in connection with the

enbodi nents di scl osed herein may b ed directly in hardware, in a
software nodul e executed by a processor, or in a conbination of the two. A
sof t war e nodul e resi de, i n_RAM nenor flash nmenory, ROM nenory, EPROM
nenory, EEPRC&VFWE}?SWT@C‘N@‘@I“&Y@F@% H%@eépekoman%%ovam e disk, a CD-ROM or
any other for JEF&H i t he

pr ocessor such@rﬁigtﬁﬁlﬁ%ggg?%%gsa@é%trﬁgi& t?ejaag%n or |ﬁc%)’rqp )glh%wya%fd) wite

i nf or mat | @oeds ogrmiiads iwtagomg fromeshidumemdry; t he al ternatl ve, the storage nedi um

may be integra roc ssaqr. The processor st or age di um may
reside in an A%P“@% Ei’ @far'@f% goée‘ﬁ‘?@rp HFtﬁgf 6%36(5%5%072086
PCTI USZOO&A%Z@%@ da?anrdrﬂe M?iede?dddﬁfaﬂﬁé b ¥&ond BRa Bape FonPtheadffled Atpkisor age

medi um may reside as discrete conponents in a user termnal. [00205]

Headi ngs @frdata framesdet arseemndriemegduletsfl dptadtaeand to aid in locating certain
sections. Thesg 6{94: ﬂ%? arﬁf S 861?(#1 énmd'ﬁﬁge%%a{aofre{rﬁer{' +1to \?@%grg%gaﬁc ggclkt e?xy g concepts

described thetalt €se conce ica in other

sections mbﬂh@n;gmwem th& @sed l]bdcif& okehd meaforyois seﬁa@aa 66 thé pifrfeant-end
description of the disclosed enbodinments is provided to enable any person
skilled iMCMAY:art to nmake or use the present invention. Various

modi fi cati O”Seattfa%ptp?iﬁgﬁogdet%ﬁﬁ’é)ﬂie ‘Pi'?s’ﬂhém&‘édléte&)&’atf franl '1f3’thé‘ﬁg>%€x%dtflz9e& hose

skilled in th e generic principles defined hereln nay be

appl i ed tdetofrivee isswlrect yndacddedpsibtractingtbp decodertfifst frame fioen thpstoread or scope of
the invention. Thus, the present invention is not intended to be limted to
the embod?¥s shown herein but is to be accorded the widest scope

consi stent w tﬁteﬁ%ﬁngfd NP @8 sedfd BENMEduldtePddi Bamelifshé Qeerd herein. [00207]
VHAT IS CLAIMED | S: 39 CLAI M5

demodulated data frame is correctly decoded, subtracting the decoded second frame from

the stored samples; and

attempting to decode a demodulated data frame that failed to previously decode.

2. The method of Claim 1, further comprising selecting one or more access terminals

having a communication characteristic different than other access terminals.

3. A method to reduce interference, the method comprising:

storing time-interlaced subpackets received from a plurality of access terminals in
a joint front-end memory, each subpacket corresponding to an encoded packet;

demodulating one or more stored time-interlaced subpackets corresponding to a
first packet with a first code sequence corresponding to a first access terminal;

storing the one or more demodulated subpackets corresponding to the first packet
in a first user specific back-end memory, wherein the first user specific back-end memory

is separate from the joint front-end memory;



1. Anethod to reduce interference, the nethod conprising: storing sanples
of data franes transmtted asynchronously froma plurality of access
terminals in ajoint front-end nmenory; denodulating a first data frame from
the stored sanples of data franes into a first denodul ated data franme and
denodul ati ng a second data frane from4he stored sanples of data frames
into a second denodul ated data frane; storing the first and second

denodul at ed data franmes ,int,o.a user ecific back-end nor erein the
Leor apaci fi o PO RS ARREF yR A3 TapRR HERE phe it Shar e pedng honory:
attenpti ngupackdggode the first denodul ated data frane if the first

denodul ated data franme is correctly decoded, subtracting the decoded first
frame from t heiféftenadng oisprdedhe Hest Bapkset ih successibaeastHEIng S8 AMEENDd Ul at ed

data fr anguﬂpfag%%ﬁ"gifgegl@&qg‘ggg%q}"%‘?ﬁggef“dat a frame is correctly decoded,

subtracting't Tom the stored sanples; and
attenpting to sdcacingthe exvonkituateddultaticets framehd hared tiaieltieriacedpr evi ousl y
decode. 2., The method of Claim1, further conprising selecting one or nore
access t erMPASL Wving a comuni cation characteristic different than ot her

access term n?‘H&nocﬁrlatﬁ-QS%EEP%OF@S%@&’H%Jht@Fl@c?eﬁ%ﬁl%&@ﬁeits é&qu ptogonpri si ng:
Su

storing tinme-interl ace packets received froma plurality of access

t er mi nal s s¢éqend gpakenwith o eerong nedersemunnge carasporslingla@isecondaceass pomifiahg to an
encoded packet;, .depodul atin ne .0 re stored tinesinterl subpacket s
correspondi ng f’%”%g 05t 01{)?8%% emvadfl[?teg%fl?pr%%&%8%653%'1&16%%3{1%%%?@5pondi ng to

a first apea®@sintaktdrdalser spedfit backt ¢l mdRoOr whartia thkestoond akespesifiopacket s
corresponding to the first packet in a first user specific back-end nenory,
wher ei n t Rackrendgpemeryris sgpaater frem pisdring Hantrgdapgmorysandepar at e from the j oi nt

front-end nmenory; , ' j I one or
nore stored, dé%r%n&éﬁéttggg&ggrﬁﬂggg&@gﬁ «?lfée? qg?% grr?}epérlirﬁgrretso égéﬁgﬂﬂgdfi rst
packet i ssshpaclessful, reconstructing one or nore subpackets correspondi ng
to the first packet; subtracting the reconstructed subpackets fromthe

stored time-interlaced subpackets; and
4. The method of Claim 3, wherein reconstructing one or more subpackets

comprises:
encoding the first packet; and

modulating the encoded first packet.

5. The method of Claim 3, further comprising simultaneously attempting to decode a

plurality of packets.

6. The method of Claim 3, further comprising sequentially demodulating stored

time-interlaced subpackets and attempting to decode a plurality of packets.

7. The method of Claim 3, further comprising selecting an access terminal having a
higher traffic transmit power than other access terminals as a first access terminal to

demodulate stored time-interlaced subpackets and attempt to decode a packet.



denodul ati ng one or nore stored tine-interlaced subpackets corresponding to
a second packet with a second code sequence corresponding to a second
access termnal; storing the one or nore denodul ated subpackets
corresponding to the second packet in a second user specific back-end
menory, wherein the second user speciﬁﬂc hack-end nenory is separate from
the joint front-end nenory; and attenpting to decode the second packet using

one or noge stored, . d l at,e subpackets. 4. The nethod.of C.aim 3,
wher ei n r&cons P%@FWﬂgggﬁé"Bﬁaﬁ%?ér%ﬁ@%ﬁ@@é?%““%%ﬁﬁ??%%&?mgﬁi%H?ﬁ%ylhe first
packet: angger pREoddBthhmetht ceReadRehlS dsrasfirsiredse terminal Théene@iuledstakd G ai m 3,
further caonprising sinultaneously attenpting to decode a plurality of
packets. Bmeynerizase seRpagketand atiempt fodeeodera RGK3r i si ng sequential |y

denodul ating stored tine-interlaced subpackets and attenpting to decode a
plurality of packets. 7. The nethod of Claim3, further conprising selecting
an access9t er nirhamethay bHGlagm 3hfugther compafsinigaelectargsan dccgpeveminahbaving Her access

termnals as a.first. access term.nal to dul ate stored.tine-interl aced
o bpnores Sither el Bl T en e o RO i SO JRen e et S atTR 2R 3.

further cogRtd SinMifalIsUSabdNSe 3BrRARES hidrREH Sﬂl@t)a 8¢iaR@ afempras B&IodPay! oad
than other access termnals as a first access terni nal to denodul ate stored

ti me-int epdckeled subpackets and attenpt to decode a packet. 9. The nmethod of
Claim 3, further conprising selecting an access term nal having a higher
signal -to-interference-and-noise-ratio (SINR) than other access term nals as

a first agcesshé @eibdal Cladmdermohet eineprisingrseldctingdrdcoése tdraded hawhpacket s and
attenpt to decode a packet. 10, The nmethod of Claim3, further conprising

sel ect i ngOKlAr wndseadsd ﬂ’g"r‘ﬁ‘ﬁ prIMPaRR forgclets of Githes peqgrifeEpinaly apadkdActshpared to
packets of., QifAef, cﬁ%ﬂgﬁtets%rga ﬁlle-sint@ﬁ%iﬁd Eﬁ@%&ke@&&%é@grgﬁf;{o'ﬂe@@de 4 ficgodul at e

stored tinme-interlaced subpackets and attenpt to a packet. 11. The
met hod of Claim3, further conprising, after subtracting the reconstructed
subpackets fromthe stored tine-interlaced subpacket.s, denodul ating stored
i mes CF nt 1 ac bl BEbBAEKERLM dnGrieFt G ARG 117 SUCoaU BRI Bt s i ng
one or m)%&pa@l&é&@&iﬂ%e%téré&fﬁn%hﬁteﬁ&&ﬂ§ﬁ’bﬁabl€@§, aheddiasRdisrbpmeket s, the

third packet being previously ' '
interlaced subpackets and attempting to decode a third packet using one or more

subpackets from the stored time-interlaced subpackets, the third packet being previously

unsuccessful in decoding.

12. The method of Claim 3, further comprising iteratively demodulating stored time-
interlaced subpackets and attempting to decode previously unsuccessfully decoded

packets.

13, The method of Claim 3, further comprising:

attempting to decode all subpackets that terminate in a current time slot;

reconstructing all successfully decoded subpackets that terminate in the current
time slot;

subtracting the reconstructed subpackets from the stored time-interlaced
subpackets; and

demodulating stored time-interlaced subpackets and attempting to decode a

subpacket that failed decoding in a previous time slot.



unsuccessful in decoding. 12. The nethod of Claim3, further conprising
iteratively denodulating stored tine- interlaced subpackets and attenpting
to decode previously unsuccessfully decoded packets. 13. The nethod of
Claim 3, further conprising: attenpting to decode all suhpackets that
termnate in a current tinme slot; reégnstructing all successfully decoded
subpackets that termnate in the current tinme slot; subtracting the
reconstructed subpackets fromthe stored tinme-interlaced subpackets; and
denodul ating stored tinme-interlaced subpackets and attenpting to decode a

subpackety4t hatrht aiduesl AL NduitheroMpAMALUS tinme slot. 42 14. The net hod
of Claim3, further conprising: attenpting to decode all subpackets that

termnate in attempiitgmio deforts ablsubpacketedwhistminateiing cairentdimecdeisf ul |y decoded
subpacket s t hat. fSHIHABLE sl el AN HEERR LA T: BhOkimBURGE BRI NGy he

reconstructed Subpa rom ore ace subpackets; and
denodul attimgslst ored tinme-interlaced subpackets and attenpting to decode a

third packet before all subpackets corresponding to that third packet have
been stored. PEDUAFHBE MSIAMSEHICIAY syppackets figp the sOREHING-Eit§THC## ovi di ng Hybri d
Aut omat i ¢ B?RE&EangeqUESt (HARQ to the access termnals. 16. The nethod of
Claim3, fuu ther’ conprising receiving subpackets which were transnitted
asynchr onous| yefmodurgngdtored tinteyineflacdsebmckas aidwatesipting to dechdsethsidat i on

i sing: joint f - end : fi d.t t I f
O B e A SO R e SR B i S BB &7 s -
denodul ator configured to denodul ate the stored sanples using a first code

sequence corresponding to a first access termnal; a user specific back-end
menmory f okS. st drhiemgetishaidulbiat ddugharsbmprisingiprogiding HebrididstomapeRepéat back- end

menory i s, separat he jaint. front-end nmenory; a decoder configured to
decode dzl%%%l“? S?(Sﬁ\‘f%@ @’%%F%ﬁ%@ lgaall?f‘pl es;

16.  The method of Claim 3, further comprising receiving subpackets which were

transmitted asynchronously from a plurality of access terminals.

17. A base station comprising:

a joint front-end memory configured to store samples of time-interlaced signals
received from a plurality of access terminals; T

a demodulator configured to demodulate the stored samples using a first code
sequence corresponding to a first access terminal;

a user specific back-end memory for storing demodulated samples, wherein the
user specific back-end memory is separate from the joint front-end memory;

a decoder configured to decode data from the demodulated samples;

a reconstruction unit configured to use decoded data to reconstruct encoded and
modulated samples; and

a subtracter configured to subtract reconstructed samples from the samples stored

in the joint front-end memory to reduce interference for the decoder to subsequently

decode data from the demodulated samples.



a reconstruction unit configured to use decoded data to reconstruct encoded
and nodul ated sanples; and a subtracter configured to subtract
reconstructed sanples fromthe sanples stored in the joint front-end nmenory
to reduce interference for the decoder to subsequently decode data fromthe
denodul ated sanples. 43 18. The base43tation of Claim17, further
conprising an error detection unit to detect if the decoder correctly

decoded data from the denodul at S les. .19. The base .stat.jon of Caim17,
Wherern { R usbi B5E SATLO el ShdoRERsr g Put o BLTordhBaUr bBb Oy REbI s of

subpacket g thhdloddr @oRe:tlyQRESTed TR fRRN thR deRBdilRledkarhpledlt -end nenory when the
joint front-end nenory goes not span all subpackets. 20. The base station of

Claim 17, wherein the joint front-end nenory is configured to store a

plurality,of slot f . ianal s recei |J of access
termnal s ]%perg]?ei ?\aég\s/\ﬁa 6‘%‘%@%@&%&{}%&? ?hg %ﬁgéﬁﬁﬁégq%ggﬁ% %IH%?,&‘Q@IS 21. The
base st at danodafiatéd SintBolsiaf subiRickdtithahae de manged adred i the ¢ainf frgisead to

denodul ate the stored, sanples and the decoder is configured to iteratively
decode uRSHOREYa§IIE joiptdEidend paewet does aot spamall pubpackefsat i on of O aim 17,
wherein the joint front-end nenory has a length that spans a tine period
froma beginning of a first subpacket of a packet to an end of a |ast
subpacket 20f t ke lpaektetion & laifiné7, bewecis thatjoionfroidt-«Bd amemdy is chfgeiedtd he j oi nt

front-end nenor as |l ength , that. span l.ess.than.a full. packet. 24. The
bage. ot o PO etk hiplst AT tiedR Bt PP rm Al aP S has ot engt
that spangidal REAE Rsth B A BRI RGEatAeqBest iRRAEGEt of a packet to an
end of a éult;]sesamsgnt gsubpacy(kbelt of the pée%%ietéq eZS.WQThe Ease station of Claim

22, wherein the joint front-end nenory has a |l ength of about 40 slots. 26.

The base s ati op. f. Ghah A thenalenit 18 BRSSP Qnbsegenf | oured Lo

receive and process signalsTfromthe access rmnals. 44 27. The

base st at danodiflat€thaistordd/sanypiiraail Fhet de€oded sconfigired o ittatdhenf dguded to receive
and process CDVA Evolution Data Optim zed (EV-DO Revision A signals from
the acced®urestiinfiecoded packets.

22.  The base station of Claim 17, wherein the joint front-end memory has a length
that spans a time period from a beginning of a first subpacket of a packet to an end of a

last subpacket of the packet.

23.  The base station of Claim 17, wherein the joint front-end memory has a length

that span less than a full packet.

24.  The base station of Claim 17, wherein the joint front-end memory has a length
that spans a time period from a beginning of a subpacket of a packet to an end of a

subsequent subpacket of the packet.

25.  The base station of Claim 22, wherein the joint front-end memory has a length of

about 40 slots.

26.  The base station of Claim 17, wherein the base station is configured to receive

and process CDMA2000 signals from the access terminals.



28. The base station of Caim17, wherein the base station is configured to
receive and process Wdeband CDVA (WCDMA) signals fromthe access
termnals. 29. The base station of daimIT, wherein the joint front-end
menory, denodul ator, and subtracter are configured to span one or nore
subpackets of packets that have diffeétent transmit time intervals. 30. The
base station of Claim17, wherein the joint front-end nenory, denodul ator,
and subtracter are configured to span nore subpackets of 2 mlliseconds
transmt tinme interval packets than subpackets of 10 mlliseconds transmt

time intepyal PRCKRAE Statidd of Gl WASGhe3LiR tHeMAsOftatidnis %rﬂfgl}ré’éﬂ%rr@(jeﬂet he base
station is configured to receive and process CDVA [ V- signals fromthe
access t epmd pratess CDMA Evolution Data Optimized (EV-DO) Revision A signals from the

access terminals.

28.  The base station of Claim 17, wherein the base station is configured to receive

and process Wideband CDMA (WCDMA) signals from the access terminals.

29, The base station of Claim 17, wherein the joint front-end memory, demodulator,
and subtracter are configured to span one or more subpackets of packets that have

different transmit time intervals.

30. The base station of Claim 17, wherein the joint front-end memory, demodulator,
and subtracter are configured to span more subpackets of 2 milliseconds transmit time

interval packets than subpackets of 10 milliseconds transmit time interval packets.

31.  The base station of Claim 17, wherein the base station is configured to receive

and process CDMA EV-DV signals from the access terminals.



