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system such as W deband Code Division- Miltiple Access (WCDMA), various
channels are nultiplexed together and transmtted on a single physical
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communi cati on system enpl oyi ng WCDVA. WD 03/ 079577 PCT/ US03/ 07950 2
[1007] FIG 3 is a frane structurBACKGROYNRI i nk physical control channel
in a '_chLess comuni cati on system enpl oying WCDVA. [1008] FIG 4 is a
struct UM8'"%f a Synchroni zati on Channel (SCH) in a wirel ess communi cati on
syst em¢ggbpPy! THe Vodddht invention relates to wireless communication systems

generally and specifically, to methods and apparatus for reducing interference in a

wireless communication.

Background
[1003] There is an increasing demand for packetized data services over

wireless communication systems. In a system such as Wideband Code Division-
Multiple Access (W-CDMA), various channels are multiplexed together and
transmitted on a single physical channel. In parallel, various other channels, such
as the sync channel, etc., are transmitted over a common air link. The channels
may introduce interference to each other in a given situation. For example, as the
sync channel is not constrained to be orthogonal to other physical channels, thg
sync channel may introduce interference to the other channels.

[1004] There is a need, therefore, for a method of reducing the inter-channel

interference of a wireless communication system.
BRIEF DESCRIPTION OF THE DRAWINGS

[1005] FIG. 1is a wireless communication system.
[1006] FIG. 2 is a frame structure for a downlink physical channel in a wireless

' communication system employing W-CDMA.



[1009] FIG 5 is atable illustrating the Signal-to-Noise Rati o (SNR)
associated wth various codings due to SCH interference. [1010] FIGs. 6
and 7 il lwetmsares7interl eaving in a WCDVA system [1011] PC®&uUs8xoasd Fl G
8B are formats for Protocol Data Units (PDUs) in a W CDVA system [1012]
FIGs. 9 and 10 are wi rel ess appar at ug for reducing interference. [1013]
FIG 11 illustrates coding of AdaptiVve Milti-Rate/Dedi cated Control
Channel (AMR/ DCCH) transport channels. [1014] FIG 12 illustrates simulated
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resour ces. xenmpl ary enbodi nent enpl oys a spread-spectru
wirel e§$014] FIG. 12 illustrates simulated SNR values required by various t?anspor{n

formats.
[1015] FIG. 13 illustrates SNR requirements for various Transport Format
Combinations (TFCs).

[1016] FIG. 14 illustrates a table of power offset values corresponding to TFCs.
[1017] FIG. 15 illustrates in flow diagram form a process for mapping TFCs to
power offset values.

[1018] FIG. 16 illustrates in timing diagram form various scenarios for
transmission of multiple Transport Channels (TrCHs) on a common physical

channel.

DETAILED DESCRIPTION

[1019] The word “exemplary” is used exclusively herein to mean “serving as an
example, instance, or illustration.”  Any embodiment described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over
other embodiments. While the various aspects of the embodiments are presented
in drawings, the drawings are not necessarily drawn to scale unless specifically
indicated.

[1020] Note that the exemplary embodiment is provided as an exemplar

throughout this discussion; however, alternate embodiments may incorporate



comuni cati on system enpl oyi ng W deband- Code Division-Miltiple Access (W
CDVA). Wreless communi cation systens are wi dely depl oyed to provide

vari ous womese7sf7 comuni cati on such as voice, data, and POTArsN3/TH6Ee
systens may be based on Code Division-Miltiple Access (COMA), Tine
Division Multiple Access (TDWA), or ;some ot her nodul ation techni ques. A
CDVA system provi des certain advantages over other types of systens,

i ncludi ng i ncreased system capacity. [1022] A system nmay be designed to
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and documents including Document Nos. 3G TS 25211, 3G TS 25.212, 3G TS
25213, and 3G TS 25.214, 3G TS 25.302, referred to herein as the W-CDMA
standard, the standard offered by a consortium named "3rd Generation
Partnership Project 2" referred to herein as 3GPP2, and TR-45.5 referred to herein
as the cdma2000 standard, formerly called 1S-2000 MC. The standards cited
hereinabove are hereby expressly incorporated herein by reference.
[1023] Each standard specifically defines the processing of data for
transmission from base station to mobile, and vice versa. As an exemplary
embodiment the following discussion considers a spread-spectrum communication
system consistent with the cdma2000 standard of protocols.  Alternate
embodiments may incorporate another standard.
[1024] A W-CDMA system is described in the set of specification documents
defined by 3GPP having address given as ETSI Mobile Competence Centre, 650,
Route des Lucioles, 06921 Sophia-Antipolis Cedex, France.
[1025] FIG. 1 serves as an example of a communications system 100 that
supports a number of users and is capable of implementing at least some aspects
of the embodiments discussed herein. Any of a variety of algorithms and methods



ot hers have only one receive antenna. Simlarly, some of the base stations
104 have multiple transmt antennas, and others have single transmt

ant ennas.woheH0®s57are no restrictions on the conbi nati ons @CTUSasGIY6E
antennas and receive antennas. Therefore, a base station 104 may have
multiple transmt antennas and a si ?gl e receive antenna, or nmay have
multiple receive antennas and a singl'e transmt antenna, or may utilize
single antennas for both receive and transmt, or nay utilize multiple
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multiple base stations. Soft handoff in CDMA communications systems is well
known in the art and is described in detail in U.S. Patent No. 5,101,501, entitled
"WMETHOD AND SYSTEM FOR PROVIDING A SOFT HANDOFF IN
COMMUNICATIONS IN A CDMA CELLULAR TELEPHONE SYSTEM," which is
assigned to the assignee of the present invention.

[1027] A W-CDMA system is provided as the exemplar for the present
discussion. Note that in a W-CDMA system the base station is referred to as a
Node-B, and the mobile station is referred to as the User Equipment (UE).
Alternate embodiments may employ alternate communication systems wherein
various channels may present interference to other channels in the system. In the
W-CDMA system specifically, channels are coded and transmitted over a same air
interface, wherein at least one of the channels is non-orthogonal to the other
channels. In a spread spectrum system, the orthogonality of the channels avoids
inter-channel interference.  Therefore, the presentation of a non-orthogonal

channel incurs a potential problem for inter-channel interference. However, the



termnal 106 to the base station 104. In the exenplary enbodi nent, sone of
termnals 106 have nmultiple receive antennas and ot hers have only one

recei ve wotenrma’7 In FIG 1, base station 104A transmts @®aTa/SO®OMEr nmi nal s
106A and 106J on the downlink, base station 104B transnmits data to
termnals 106B and 106J, base statiqgn 104C transmts data to term nal

106C, and so on. [1029] FIG 2 illustrates a downlink dedi cated physi cal
channel, the Downlink Dedicated Physical Channel (downlink DPCH) in a
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the SCH 1s speciti as non-orthogonal to_the other
information, such as known pilot bits, Transmit Power Control (TPC) commands,

and an optional Transport Format Combination Indicator (TFCI). The downlink
DPCH therefore may be seen as a time multiplex of a downlink Dedicated Physical
Data Channel (DPDCH) and a downlink Dedicated Physical Control Channel
(DPCCH).

[1030] FIG. 2 illustrates the frame structure of the downlink DPCH. Each frame
of length 10 ms is split into 15 slots, each of length Tsior = 2560 chips,
corresponding to one power-control period. As illustrated, the DPDCH portions
alternate with DPCCH portions.  In the example, a slot includes a first DPDCH
portion of Nparas bits of DATA1, followed by a DPCCH portion having Nyec bits of
TPC and Nyra bits of TFCI. The next portion is a DPDCH portion of DATA2
having Npataz bits. The final portion is a DPCCH portion of PILOT having NpiLoT
bits.

[1031] The parameter k determines the total number of bits per downlink DPCH
slot. The parameter k is related to the Spreading Factor (SF) of the physical
channel, wherein SF = 512/2%. The spreading factor may thus range from 512

down to 4.



channel s and to DPCH specifically. The SCH is a downlink signal used by the
UE for cell search. The SCH consists of two sub channels, the Primary and
Secondar ywB@Bto795he 10 ns radi o franes of the Primary and BetwarsdaoyssCH are
divided into 15 slots, each of length 2560 chips. FIG 3 illustrates the

structure of the SCH radio frane. TEe Primary SCH consi sts of a nodul at ed
code of length 256 chips, the PrimaFy Synchroni zati on Code (PSC) denoted

cp, which is transmtted once each slot. The PSC is the sane for each cell
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represents the slot number. Each SSC is chosen from a set of 16 different codes
of length 256. This sequence on the Secondary SCH indicates to which of the
code groups the cell's downlink scrambling code belongs. Note that the
synchronization message is transmitted at a predetermined position within each
slot. In this way, the synchronization message has a known occurrence.

[1034] Hereinbelow are described various aspects of the WCDMA system
which when put together may lead to the problems discussed hereinabove.
Specifically, the following discussion covers the interaction of the SCH and the
DPCH, interleaving and channel mapping, reference configurations, power control
and the specific weaknesses in the Layer 2 (L2) ACKnowledge (ACK) message.
Note that similar inter-channel interference may result from other channels, but the

SCH is described as an exemplar.

DPCH and SCH Interaction
[1035] With respect to DPCH and SCH interaction, the SCH is a special signal
comprising two 256 chip séquences: the primary SCH (PSCH), and the secondary

SCH (SSCH). The two sequences are transmitted in parallel during each slot on



[ 1036] Al though the primary and secondary synchroni zati on codes (PSC, SSC)
structures, as described in 3GPP TS 25.213, are not orthogonal, they are
desi gned wo opomsite maxi mum i sol ati on between the sync chaomaiSonemdsa he

ot her downlink channels. The isolation depends on the spreading factor of
the DPCH under consideration as wel| as the scranbling code segnent
covering the particular synbol. [1037] FIG 4 illustrates the worst case
coded bit Signal-to-Noise Ratio (SNR) due to the SCH interference in dB.
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mprove when consuﬂenng muﬂ:'path or transmit-diversity techniques as the SCH
interference is deterministic and fully correlated (i.e. not Average White Gaussian
Noise (AWGN)). The median SNR for the non-orthogonal cases (around 50% of
the combinations yield orthogonal SCH relative to the DPCH) is typically 5 dB
higher than the worst case SNR.
[1038] The SNR bound may become the limiting factor when considering high
geometries. High geometry refers to the ratio of the total power received from the
target cell to the total power received from all cells. The total power includes
interference, both introduced by the environment and by other transmission
channels. The closer a UE is to a Node-B, the higher the geometry. Note that
typically channels within a cell are orthogonal (with the exception of special
channels such as the SCH); however, from cell to cell channels are not
necessarily orthogonal. In this way, for a high geometry position, the UE only sees
orthogonal channeis as proximate the Node-B. The interference presented by a
non-orthogonal channel, such as the SCH, is pronounced. In contrast, for a low
geometry position, the UE sees a lot of non-orthogonal interference as far from the

Node-B. The SCH channel is not as pronounced at low geometry as the power of



has a greater inpact at higher geonetries. [1039] The Universal Mbile
Tel ecomruni cations System (UMIS) nul ti plexing and interleaving schene is
descri bedwDr3®@3P7 TS 25.212. Various transport channel s &ce/isns/emscoded
and interl eaved separately on a per Transmssion Tine Interval (TTIl)
basis. Then the channels are nultiplﬁxed on aradio frane by radio frane
basis, interleaved and mapped onto tHe physical channel payload. The
transport channel mapping may be according to the fixed or flexible
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[1041] The interleaving involves two steps considering a 1% interleaver and a
o™ interleaver. A potential problem exists when the structure of the 1%t interleaver
(detailed below) is such as to cause the problem to repeat each radio frame in the
TTI. Further, the structure of the o™ interleaver and the associated periodicity is
similar to the slot periodicity of the physical channel, and therefore, the SCH
periodicity is another potential factor leading to the SCH interference issues.

[1042] FIG. 6 illustrates the 1%t interleaving procedure 300 with radio frame
segmentation assuming a 40 ms TTl. The 1%t interleaving procedure essentially
ensures that the TTI bits are spread across multiple radio frames. The 18t
interleaving procedure, however, does not affect the relative position of the bits
within each radio frame compared to their relative position in the transport block as
can be seen by the position of the gray areas in FIG. 6. As illustrated, a TTI of 40
msec includes four frames of 10 msec each. The TTl is identified as TTI 302. The
frames are identified as frames 304A, 304B, 304C, and 304D. Each frame is then
divided into four portions. The frame division is consistent with the number of



frame 304A. The interleaving procedure 300 involves witing the TTI franes
row by row, and then reading the frame portions colum by columm. The
order of wbe3/oraster| eaved portions is predeterm ned and pPediusbaioss [ 1043]
The interleaving procedure 350 of the 2nd interleaver is illustrated in
FIG 7 for three transport channels, The interleaver is based on a 30
colum matrix, wherein the nunber oP colums is consistent with the nunber
of slots per frane. Fromthe radio frame 352, each frame is divided into

30 ' ' . tyi ' d t

For m R et T T fie Tt othie: il RAD heRSnBBaidte ot 1P oNed ot
sone i fHorahs framd stpeamasBns. tTeeshaded pbaiomeidentifigsetiespronessiad oflaot T The 2nd
interl . h , does _not ch | ati ve, i f

L anspBRMeBaRe The Iniiavind Breaaturs S0BaeHoEs W naPe HEPafesgBfn « ha

t he pegi odici 7 coame! Ti adcef e hi gh
(3000 P OUE ¥ Rbn FRGREANE rdthe TRAIOAS EGRBRT by GORIE The o A o 0

Ioeri Odirﬂclarléem&fﬁ?ﬂens:shpm?btmmimman@@tmziata@dﬁl-byfthe SCH, were to Ias':1 as I
ong or | onger han the transmiss i Ot eLMa IR channe
n's oHe431eT othe Meleqeprseis sl el dnicteale s @ ERIC. CroT NS
parti cyl @t i RANSHN ls. THOfrddVRras drisetiromai 3t coluenr maateRor t

dﬁorFE re
channel s "are mapped on the physical channel affect the absol ute position
of eachhereinshermursbeaneaktolbmnsrisconsistenfaritn dhe nunbsr A e e dEBe- dat a

fromeach transport ch I i ' : . : t \ iTappi ng
or der 3:6%@ thstra H&%peﬁ@?feﬂ ff%&? %g%ﬁ)\ﬁ@%ﬁggﬁg\gpp rlgngggr@ﬁ‘g ﬁaﬁﬁgll){m
i nf or MaoNTRS WRYorRPARAThdMintdrisa@tetoplosmt ihenfinal tihierleatied stream 358045]

Vari abl e posjtion mapping results in having a particular transport . channel
i nf or ndihieod “aipirsigavier esdras E?Egrﬁo"fi@ﬂ‘%r@ﬁ‘%f’&#%c‘ﬁa fFEPﬁB‘Pri‘ el

tEanSP Bbeald 0l b 1R S InflBAFEY dnkivBRSA06S nbOERBIGLCRT teakve o

e€d position ensures that irrespective of  the TFC the
t r anspokitohamhesach Niranspati @haninel’'s ainfeyatappadihin readie slelewpbsiig on

L et HIPE ueRbty o SRR B0 RSN BB ot

S?:HS: mﬁéﬁ &ﬁbd ﬁigla%sth?ﬁ)rfﬂi()ﬂmyt?fqn%@ﬁ(15@.@“921 NBeribelafsf i at gstidaic t he

rence as a ction of the position of that channel within the

t r ansponterfé@id/ IG5 a8 thalr jesedted dyothel 8Cthamere! toriast ias| ROy lONBREL ur e.
Lven

b ! b B TSB! ol s Geh AR gr bR o e sis it od by
interference would affect half of the symbols of the particular transport channel.
[1044] The order in which the transport channels are mapped on the physical
channel affect the absolute position of each transport channel but not the
periodicity of appearance of data from each transport channel which is always
3000 Hz. Further, thé mapping order does not affect the fact that a particular
transport channel information always appear in the same position within the slot.
[1045] Variable position mapping results in having a particular transport
channel information appear in a different position for each combination of transport
channel information elements (Transport Format Combination or TFC) whereas
fixed position ensures that irrespective of the TFC the transport channel
information will always appear in the same position within a slot. Consequently,

the mapping position does not alleviate the periodic SCH interference issue.

REFERENCE CONFIGURATION FOR DCCH
[1046] In simulation results, a given transport channel may be affected by the

SCH interference as a function of the position of that channel within the transport



occurs when the rate of the transport channel is lowrelative to the other
transport channels which are nmultiplexed together. In particular, if the
rel ati ve woag/oofs7t he transport channel is | ess than 10% &ea/ush&oms@nspor t
channel is an end channel, i.e., the first or the | ast channel to be

mul tipl exed, then for certain frane offset half of the transport channel

synbols will be affected by the SCH.Hf1047] Note that for an interleaving
process wherein the data is provided at varying locations within each |ot,

the pro Ie of .inter-ch as rivaryi ng

| ocat i GH d'%i‘f"g' Plexing s‘t“ﬁlgp‘ﬁﬁot [@I d @%@%Eﬁgﬁ‘%'s gwghq\ﬁlﬁﬁﬁ nterfere

tone L?@%?‘?’éy‘ S e s oh w1 T et e A et or .

i nt er - ochanisrhen therateradibe tanspertcha, nﬁi '§H8an@é?&"’8&8§h h@l'fht Q%p%rf)

inter-c n e I et ypthesyst ens,
na p@s wh PR RERE B IQRANE 18 (RARUSH | MAktianve el ¥ty

partlcﬁ; contr information is provided during a
consi steikpeRTHanas! isnleseanan sliogs anpjmea}artsmm deanng) is 196 end ehamel: channel

f t d bed 3GPP TS I
O oo Tpbaestsas the laFlehaBReLlo pa utiRRKeRanen forEeh SR e Bk hall "N
may th %é){r?ﬂg% Pﬁ% H'TBCO% },\ngoé gﬁea@gtby fh@(ml;ﬂCH interference. Table 1
re ive

bel ow |ze 0 for wvarious confé&yrdatd ps on a
per radii047} anNotemsat. foT mterlm@ﬂ@@%%ﬂ@ﬁ thecrpiaaipL e

CONFI GURATI ON OCCUPA 3 ps)
- 5. 0% MBfYiRgIOCRUgNS Wi “(%b@?m é()%gﬁ/‘%%rg’bfégéé(ggm%r %Iganr?\l glER‘r-t gr?lérgﬁgélaﬁ%ﬁﬁpe a
first te{saétﬁ)@résrmﬁ Vatifig fie¢atidieofctitita nfiedrisotat nobxll acsmmmbstcrfetherdaéan on
rate for the DCCH For éxanple, in the first ro t&v éh dq& %
def i neswitl hatedere whatheam@-@rthmorzalwé\@@nﬁj t ¥V 'I§\&ﬁ4 ei‘tot‘-,’-"eéﬁar qIRBIE. The
first rowr S, L t h nd|diowThet&bie, t pter deo; WO
031 orospreisiasHas RkET 1R SR, PRRi R S T s
communi giaihhen. inféifereatat prasdn@Ha pa;ﬁmamtedcmlpbhen‘y i sThal nigraghanngd t he
DCCH rate divided by the combined rates at P%%—l anpl e,
for thdnigsiesenasorani RetaBa aePrl i i teﬂ e ?yppe yste ety
wherein the data or control information is provided during a consistent position in

each slot.

[1048] Considering the reference channel configurations described in 3GPP TS
34.108, the Dedicated Control Channel (DCCH) appears to be the lowest rate
channel in most configurations and may therefore be the one suffering the most
from SCH interference. Table 1 below shows the relative size of the DCCH for

various configurations on a per radio frame basis.

Table 1
REFERENCE RELATIVE DCCH PAYLOAD
CONFIGURATION OCCUPANCY
DL 12.2 + 3.4 (kbps) ~ 20.0%
DL 64 +3.4 (kbps) ~5.0%
DL 384 + 3.4 (kbps) ~ 0.9%

The reference configurations include a first transmission rate for the data followed
by a second transmission rate for the DCCH. For example, in the first row the
Down Link (DL) defines the DCH data rate of 12.2 kbps with a DCCH rate of 3.4

kbps. The first row refers to voice communication; the second row refers to video;



first row, the occupancy rate is determ ned as: Occupancy = DCCH rate/ (data
rate + DCCH rate) % or: 20% = 3.4/(12.2 + 3.4) [1049] The relative DCCH
payl oad ovowparsy7is driven by the nost denmandi ng TFC i nPCRaSIF#@S5@nd not
by the instantaneous TFC. For exanple, for the 384+3' .4 case even if the

I nstant aneous DICH rate is 0 kbps the DCCH payl oad would still be 0.9% of
total payload, wherein the rest are ot transni tted, i.e., Discontinuous
Transm ssion Mode or DTX. [1050] The transm ssion of the SCH nessage on a

non-orth nal, . e I.N i ibR. O I il e GCHsuch as
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The probl em n@gcipanegenDOGH axig/(deta @te kdySkhl radek¥mel transmitted within
the system The problemresults in |oss of data and control information,
the i n€brrect power control of the system and/or the increased use of

power for transdd Sssopgovs L) the system Each of these issues is
addressed hereinbel ow." Note that many of these problens are nutually
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channelosd,[a and control information, and therefore, when the SCH interferes with the
control information, any of a variety of problems may result. As described
hereinbelow, a particular problem is introduced when the SCH interferes with the
transmission of the PILOT bits.
[1051] The inter-channel interference occurs due to the data (or control
information) having the same periodicity as the sync information. The problem
may be seen for any non-orthogonal channel transmitted within the system. The
problem results in loss of data and control information, the incorrect power control
of the system, and/or the increased use of power for transmissions within the
system. Each of these issues is addressed hereinbelow. Note that many of these
problems are mutually exclusive. For example, when the interference affects data

. there most likely will not be an effect on control as the control is transmitted at a

different time.
[1052] The problem is not limited to the SCH, but may result in any non-
orthogonal channel. The various solutions described hereinbelow assume that the
interfering channel is a deterministic component of interference, and has a known
transmission period. In the exemplary embodiment, the SCH transmission period
is a multiple of slot periodicity. Further, in the exemplary embodiment, the

interfering channel is transmitted once per frame or once per slot, and the



[ 1053] The various solutions are described hereinbel ow and include, but are
not limted to, the followi ng concepts: 1. Quter Loop Target Based on
Weakest Lwolo3/0257Dat a scranbling (inprove the codi ng robu®Cmase)o7930 Avoid
frame offsets which lead to SCH alignnent with DCCH bits; 4. Non periodic
i nterleaver; 5. Lower weighting of s ol s inpacted by SCH 6. SCH
suppression/ cancel l ation; and 7. Po boosting. [1054] For the particular

i ssues di scussed herei nabove, 1) and 2) will go a long way in ensuring
that t [V | t [ r i/at.e |RLffcle arlE.
oveveP oD R B B e T R B R e e i eh s the
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radio link will eventually be dropped. [1056] One enbodi nment seeks to

resol ve t#e Nompedodicantedeavared with inter- channel interference by basing
the outer_lqo Qwer I ' dog, . quality of the DCCH Note

t hat eachSOﬁ‘(f "i’?‘gﬂﬁﬁg’f‘g’%’ﬂgﬁ'ﬁgﬁ@bﬁ{a@s %F\hﬁjue Quality O Service (QOS)
criteria. gl rsCHisuppresadbcandedatly ared defi ned by the BLER This makes
possi bl e determ nation of the strictest QOS of all the transport channels
and veri fVefowenbeeddehannel satisfies the strictest requirenent
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SCH interference.

Outer Loop Power Control with Highest Quality of Service
[1055] The ultimate consequence associated with the SCH interference is the

loss of the radio link, i.e., call is dropped. This is particularly likely if the network is
configured in such a way as not to take into account the DCCH error rate when
setting the DL DPCH power. Under such configuration, the network will not adjust
the power allocation when the DCCH is affected by SCH interference and
experiences a high error rate. Consequently the high error rate condition will
subsist, the higher layer protocols will not be able to exchange messages with the
required reliability and the radio link will eventually be dropped.

[1056] One embodiment seeks to resolve the problems associated with inter-
channel interference by basing the outer loop power control mechanism on the
quality of the DCCH. Note that each of the transport channels has a unique
Quality Of Service (QOS) criteria. In this example, the QOS is defined by the
BLER. This makes possible determination of the strictest QOS of all the transport
channels and verifies that each channel satisfies the strictest requirement
regardless of the individual requirements. In effect, the strictest requirement is

applied to all transport channels.



experience a sane synbol error rate in a given radio condition. However,
when the SCH is added to the other channels, the DCCH synbol s nay be

i mpact ed wod3/0t43e¢7 DCCH synbol error rate may be hi gher thaaTiuse3/exwsbo

error rate of other transport channels. This is true when the sync nessage
Is transmtted at the sane positionf§1the slot with the control

i nformation. This results in a higher“error rate for the DCCH [1058] In
W CDVA, even though the underlying physical channel synbol error is the
sane fOUO@?'] tINEePRidt SHROUYH SoachNef Inet RahEEOH asHarReRs dyditanenasqaal ity
of serVice'for each transport channel by adjusting the weight of each
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speci fication t he UE power control procedure ensures that each of the
BLER t afajefer hetDE&H. each of corresponding transport channels is net,
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as specified in 3GPP TS 5.215. For the particular case of DCCH, a Cyclical

Redundarai@. Check (CRC) is attached to all DCCH transport blocks, including

when no I §.tr 1 1t Gis . | . I [ f DCCH) .
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Controller (RNC) may set a DCCH BlLock Error Rate (BLER) target for the
particular transport channel in the UE through Radio Resource Control (RRC)
signaling as described in 3GPP TS 25.331. According to the 3GPP specification,
the UE power control procedure ensures that each of the BLER targets set for

each of corresponding transport channels is met, including the BLER target for the
DCCH. Assuming the network has sufficient power to follow the power control
commands received from the UE, use of the DCCH by the outer loop power
control will avoid the effects of the inter-channel interference described earlier. In
general, to set a BLER target on a particular transport channel the network
ensures that all the conditions to enable BLER measurement on a transport
channel are met as specified in 3GPP TS 5.215. For the particular case of DCCH,
a Cyclical Redundancy Check (CRC) is attached to all DCCH transport blocks,
including when no data is transmitted (i.e. a O bit block shall be defined for DCCH).
[1060] Note that while the use of the DCCH, or other transport channel
impacted by the interfering channel, in the power control decision making process

overcomes the results of the interference, such solutions may waste transmission



necessary. The increased power may |ower the capacity of the system Tine
O fset of SCH [1061] When a particular channel or set of channels are

af fect ed WQ iBl®s8CH interference nore than the ot her tramsparsoi/eieannel s
with which they are multiplexed, the system may adjust the SCH to overl ap
with a selected transport channel tfi‘ IS considered insensitive or |ess
sensitive to the interference. There "are several possible ways to

i mpl ement such a nmethod to reduce the SCH overlap. Each uses know edge of

the frameoffSgle NYYLH b? tFa{?%rﬁlﬁératTé(? thnEn'ﬂg udhes WReR: HoRRPHHaadip frame

boundary and the conmon | ot chann radio frame ~boundary in a cell.

[ 1062] rieneemryethbredncmasedtﬂwayna;etnvwrltbetcapamm-thfersa{ﬁ&r@ffset such t hat
the SCH does not interfere with the transport channels which nay be
sensitive to the SCH interference, in particular the DCCH The frane

of f set ﬁﬁ]lee@;féé}rbf@mqrs in the RNC for each downlink. [1063] An alternate

enbodi be used if the RNC has sone constraints on th
seI ect i[0060f t Whelr amparidylsechatng! arxeatpmfchanaelsoatnalifgeiefry the S@ﬂ'&t ri bute

oSSy, Wb, 5 S8y I PR Ay ™20
the RNGhyfipR&Al, FRCssiém! hrgeadiiiofien8CHstosewdrag mtl‘rm/eelebtedotrani;pmh of the

transport channels so as to coordinate the occurr n e of the igterfering
channelchanng! that ineemideradeippenaitive 6 less; $RNSIBESTO 'QF% qren¢s t'REre

interferin h set d
channela(rlg) ge\%}gppﬁégbgg&\ga)}g ﬁ%r%{b?em%ﬁpﬁ'@qh ng @rembhd %ﬁgggﬁﬁgﬁ gr?zli—lnnel (s),
\INn& . tdvalapf T Sedch udied Rnbh'le&jgwyf tregirame offsetdiwrath anthef relative tiplirg Node- Bs
en in soft handoff. Th B es the offset for the
channelbeﬁ‘é@@ﬂ %@Ppﬁbr%'%ﬁﬁg‘%boﬁ'ﬂ*&o&ﬁ"@'r @ﬁOHH%BHMﬂL?ha'ml E%éiPﬁ'%{'ﬁ?s case
Is the ?fﬁ]sﬁggl channel, SCH. [1065] Transport channels that are | ess
0 e

sensitive [ n ‘erfering channel are typical Iq t hose that cover a
| ar ger [1062] onlmbne reafnmcnmment Abet systegursateity aubPEH dogne pifselesyghathat a

comp ottbpy SR e ieds vatn i raiChngveld Qi htchd PR 1o
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transmtted on that transport channel , w |
the RNC for each downlink.
[1063] An alternate embodiment which may be used if the RNC has some
constraints on the selection of the frame offset (for example due to the desire to
distribute the DPCCH transmission in time) is to change the transport channel
mapping order onto the physical channel. This again is controlled by the RRC in
the RNC.
[1064] Each of these embodiments seeks to move the position of the transport
channels so as to coordinate the occurrence of the interfering channel with a
channel predicted to be the least sensitive to the interfering channel. Note that the
Node-B sets up the dedicated channel(s), and therefore controls the timing of the
dedicated channel(s), i.e., time offsets. Note this may require coordination of
multiple Node-Bs when in soft handoff. The Node-B moves the offset for the
dedicated channel based on the timing of the interfering channel, which in this
case is the sync message channel, SCH.
[1065] Transport channels that are less sensitive to the interfering channel are
typically those that cover a larger portion of the frame. As the SCH only uses 10%
of the frame, a transport channel using less than or equal to 10% of the frame may
completely overlap with the SCH transmission. In this case, the entire transport



overshadowed by the SCH. This information is at risk for loss due to the
interference of the SCH [1066] It is further possible to change the order
of the trawpgpores7cthannels within the frane. As the SCH i Crrsnymiosd ed at
the sane position(s) in each frarre changi ng the order of transm ssion of
the other transport channels over 1 iple frames will ensure that the

ot her transport channels do not overlfap with every occurrence of the SCH
[1067] FIG 16 illustrates various solutions for reducing inter-channel

| nter f ehenng) a?edetlﬁdrﬁﬁtlﬁﬁr?ﬂa'ﬁsm-m@d obhdithal 8 (Pcwrahammawmt Fhars a
predeterm ned orde or the transport channels an lies interleaver
port i orsveashadowad thiypltiee &Cltthe Trhmbeformfatlsholss ap giskf st[nﬁ)SSTHQel i®t 8¢ er ence
mechani smég |de E]I fé@ﬁ as the SCH The first exanple illustrates a change
in t he IRiEKQEeRaS Adhe erein during the SCH occurrence, the transport
channel ngsoﬁ'lé‘?t?r%é’i" gdasibheiy bRénde tHe bt oTthé Benspdrt chaanalwvittime SCH
has act on the transport channel B. In a second exanple, the
transpdhe fcamanelbs e Sﬂé‘) I%ﬁr@nﬁﬁpﬁ@@ atothef sameat pesiten(pkdu@a hféam%act of

the SCH, In.a third, ex pRi_N i s done
on a p&agHY Psderl\%qp%@mceiﬁ%@m?f %&r&«g@u r}Fﬁ?B@é"?{é i@%ﬁégﬁéﬁ?ﬁ'@ﬁlpﬁe

her ei nghgwes wilteorsark i thhefiee beietetramgrat shhanslends ot riveylapahitedverpe sane
transport channel for a given downlink configuration. This is mainly due

to the qasuseneawéthaBlibt ure which results in a conpletely periodic
t t hgat t he SCH
fa.“sm[iﬁbgj‘ [%%9 er‘g ﬁﬁfé?ﬂ%‘?é% QQﬁur?h%oWnBHsaf et c?déf YirfR@léharirel t he

peri odi or exanpl e e system escri her ei nabove, the
t ransmig®renencar as defetalled dweréi. sl oflse perlgfrraarmon@ﬂaﬁd)rﬁ nialadthsdi 8cussi on
t hereof. The second. i Bt erl eaver iJlustr defines.t he nunber

of col WRFRgEtREMiNed,rdar fprethgrtranipost ChaNe g? P‘(ﬁpg":ﬁ%r‘nt?‘?]%?‘?éer RIS PRal 1y,
t he n“:)%"?f]ﬁl%le‘:% ‘fﬁgsndrﬁber?’?f M Cer frathdTul Thelisterbrehive WRdchiahRat ishe

order I'nterleaving of the ‘constituent transport channels is
const andenﬂ’fimir aé the SGHe Tier first leaatryole)ﬂlustfetes atchengavedhe H@mr odsel t he

same as the, od| i t f the trans |on \
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03/ 0795s7e7N|B§TE§ WUSRBn3 iRy lﬁthl@t\ﬁé* eﬂh‘éeSCH hasdsid imgactton hiee sramepbitne as
the SCH, then that information w | occur concurrentlr& t he SCH each ti ne.

channel B. In a second example, the transport channels (TrCHs) are mapped
differently to reduce the impact of the SCH. In a third example, the mapping of the

transport channels is done on a per slot basis.

Non-Periodic Interleaver
[1068] As described hereinabove, the SCH interference appears to consistently

affect the same transport channel for a given downlink configuration. This is mainly
due to the interleaver structure which results in a completely periodic transmission
of the transport channels with a periodicity equal to the SCH periodicity.

[1069] For example, in the system described hereinabove, the transmissions
are defined as 15 slots per frame. See FIG. 2 and discussion thereof. The
second interleaver illustrated in FIG. 7 defines the number of columns as a
multiple of the number of slots per frame. Specifically, the number of columns is
30, which is a multiple of 15. Note that the order of the interleaving of the
constituent transport channels is constant. Therefore, the periodicity of the
interleaved channels is the same as the periodicity of the transmission. Therefore,

if a given transport channel has a portion of information (from a column of



[1070] An interleaver structure which renoves or reduces the consistent
periodicity would significantly reduce the effect of the SCH interference
on a parwp®alzs7transport channel. The result will be toPs€marse3/01960 i npact
of the SCH over all transport channels nultiplexed on a sane physi cal
channel. Note that this assunes nul %pl e transport channels are nmapped
onto a common physical channel (whi is typically the case). Sone exanple
of interleavers which would reduce the intra-frane periodicity of the SCH
i nterf ?ﬁt?ﬂ&EYérEn én‘g?mtte@'att the fa’nﬁédmélta@rir@asw thBho@lt iiffo@RtRay euill wi t h
nunber s not a nulti : Any non periodic interleaver.

Wi ght |dcgummmwmhtﬂjrthe§@}§aaoh§mﬁﬂ071] Prior td decoding, the received

synbol re typicall I d i i
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( CPI CH)epibaIRAY - Jveufaob@%ﬂc%\h'tw re3UBE EthbheffS&Hof ithe r 885 Mitlierencesenia a
determnistic’way, thi's information can be utilized by the UE tgg\r/ﬁl ght

me ﬁCIﬁarTmﬁa:lt uangméwﬁannabuﬂ heyiesult willige & shars the 1@?2@ ehoig t he SCH
ich inclu a t hat 6
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e arter e- spreadi
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symbol t he decoder input is
gi ven a{g%é{ﬁehﬂ rg‘é%ng%%f—)d 4}9 P é@rlgi ﬁﬁéﬁe%ﬁ@%dﬁ%r ein a = Conpl gx
f adi ng coef Bicict@isetl mtmverorthogonal ity factor = Spread factor E t =

Energy per chip of transport channel] ECScll =
= Ther i - NcB'ng m’taée@&ﬁg/vl”t:@luﬂ"bﬁh%ﬁqlké'm@ﬁd@t@d\% g%@@ﬁ a don t ;?CI\;'\DI o
9577 PCI/ US03/ non-orthogonality factor varies as a
Lunc]t! OE of ROy P%ggﬁdnﬁlem%hannel i zation code utilized in the

ownl i nk.

Weighting Received Transmissions
[1071] Prior to decoding, the received symbols are typically scaled and

combined with other multi-path components. The scaling factor is usually a
function of the common pilot (CPICH) signal-to-noise ratio. Since the SCH
increases the noise in a deterministic way, this information can be utilized by the
UE to weight the SCH impacted decoder input symbois differently.

[1072] Consider the SCH which includes a PSC that repeats every 0.666...ms
slot and a SSC that repeats every 10 ms radio frame. Unlike other downlink
channels, the PSC and SSC are not scrambled with the downlink scrambling code.
[1073] Therefore, at the UE, after de-spreading the incoming signal with the
complex conjugate of the downlink scrambling code and de-covering the symbol
with the OVSF code, the SNR for each symbol at the decoder input is given as:

SNR = ] £, . SF
@[ BB + L
wherein & = Complex fading coefficient
[ = Non-orthogonality factor
SF = Spread factor
E, = Energy per chip of transport channel
E.., = Energy per chip of SCH

I, = Thermal Noise plus Other Cell Interference power spectral density

oc



[ 1074] Once the UE has acquired the systemtimng, i.e., "knows" the SCH
val ue and position in tinme, i.e., time occurrence, the UEis able to

det er m newODlg/0798¢1 ght s of the various transmtters. Note tPrhatuskhiombedge of
the SCH value and tine of occurrence inplies know edge of the value of (3
as a function of tinme for each chamieil i zation code. Note specifically,
that as the value of O increases, the SNR for that synbol degrades
further. [1075] The decoder input synbols are typically scaled by the

comon iHd Qén- oﬁhbg Iy Fﬁdt@l"véﬁésb@sk AGuGEIDAI sTasbiMitide ahe tisynbol s from ot her
mul ti-path ents. The UE may then interpret the conmon pilot strength

from eazhlanntahzagnen casleautilized v Hhe/dagynli@i.ght that is applied to the synbols.

Si th h e
1 galf5H neoBRe BB YE bS A@lliBePhel et RElfuR S RS E R BOH
exanpl Qﬁaldélan@%dmbbrr ROtee, §.8¢ tited @etufronce,adelUEistablle o aetsrhiinadhe to the

value of P. Thi's assunes that: a. The value of Ris glff ?_51 [y@r t he same
synbol welgmwoﬁﬂw@rmoumtransmﬁbﬁrﬁ d&ﬁﬁ%ﬁh@hk@owmedp gﬁ} #d b The
alue of R di fferent or di f t th

\éorr;ong'ﬁrt‘ éisogghge%%émg ©3 #ngwlgc{g% éf | rrp g%eér}c 'QS Q?UEﬁ% g "]F';Itb fggﬁl d be

zero ifofR h ﬂi&L orf B&de 2 Nd?té%%bmbmlmﬁawaé e varm@ &g ndﬁéasést thel ue

(pilot streng erwmse. This is equivalent to assum ng an erasure when
t he vaISNRo‘brmartsymbehdegraldleariUEherpr edet erm ned value. [1076] In a soft

22y nda7aL) ﬁ‘“%ﬁ%e#@%é%ﬁﬁ@%iw% e LB Sotée 07 47 B RE, "o
Node- B-gjendtti lE t8C @RATY OGombihedr with aagbispimbolg Heoray wiivdrs rﬁuld:rpatlh)ot h
Node- Bs, the could assign a weight of zero to the s rrbols |Hj¥)acte

synbol campenatisie- Epa Ulndnay dhe Imtﬁ@febﬁ%lopmn@%rﬂlbt é gibfrom eaah
Node- B-, %}ggé%%p%:g?r?es{/é)&f@ }Nﬁﬁh?rﬂtlglr |br%3rp@F6Q8%e S7Pr¥b70]Is ASlr}Ecé feUeesisyi | |

pr ocess Sl gn N gen consit s one ore nore COFT'pOSI te

si gnal %ﬁcﬁ@@'tf(@@aﬂd@@f%ﬂlﬂre@@e n&ﬂt‘Men@ap@dﬁ rﬁitstlgmldgvvheowff@@i%ﬂhe
PCT/ US03/ 07950 18 interference received from other ﬁ Btz@l n the network

and i ntagdidonral dderfe@ncedredrSehurk@exampia: berldEdnaer WREPHEI noi se.
Ea R Hap RafEa e b ORISR il gnal ¢hat contains
a. The value of B is different for the same symbol from different multi-
path components from different Node-Bs.
b. The value of B is different for different symbols from the same multi-
path component of same Node-B.
In a simpler implementation, the weight could be zero if B is greater than a
predetermined value, and the default value (pilot strength) otherwise. This is
equivalent to assuming an erasure when the value of B is greater than a
predetermined value.
[1076] In a soft handoff (SHO) mode, the symbols may be affected by the SCH
from one Node-B (say Node-B-1), and not affected by the SCH from another
Node-B (say Node-B-2). In such scenarios, prior to combining the symbols from
both Node-Bs, the UE could assign a weight of zero to the symbols impacted

symbols from Node-B-1 and assign the default weight to symbols from Node-B-2.

Suppression of Interfering Channel

[1077] A UE receiver will process received signals that in general consist of

one ore more composite signals received from one or more serving Node Bs and



UEs and sone shared and overhead signals such as the Conmon Pil ot Channel
(CPICH). The conposite signal of one particular Node B is received at the
UE receiwero3pvsr7 a radi o channel that introduces in generall/uSaxonyses of
signal phases and anmplitudes. If nultiple radi o propagation paths exi st
bet ween the Node B and the UE, FECEQ%IOH of multiple echoes of the
transmtted conposite signal with different phase and anplitude changes
for each echo is possible. This effect is comonly referred to as

mul ti - RERerEREPIdRNeERE BiRRAUBEE BE ARt IMbrRoKUBR infefdreniaifionehannel
can be characterized by a conplex channel coefficient and a delay. The
channelotioeresdurces of indeffi¢iense mmab@%mrraﬁbnmsadﬁa@wﬁa& seping N@éet%‘s t he
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propagation delays of different propagation paths are also referr to as
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differ Ia)pr?ﬁé‘%tahﬂal Q@éfhéleH?H@ﬁﬁe§fﬁﬁaBélé}w ahigitadeo chargss gslative Besi des
t his coherent denodul ati on function, RAKE recei ver also perforns
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nessageeigvant propagation paths of all radio channels that the UE receiver intends to
use for coherent demodulation — or any other equivalent information that
sufficiently characterizes the radio channels such as their complex frequency
responses — need to be produced in order to perform coherent demodulation. In
general, UE receivers in CDMA systems use a RAKE receiver to perform the
coherent demodulation of the signals received over the relevant propagation
paths. The RAKE receiver uses the phase, amplitude and delay estimates of each
relevant propagation path in order to time align, appropriately phase shift and
weight the signals receiver over different propagation paths before combining
them to one signal. Besides this coherent demodulation function, a RAKE receiver
also performs UE-specific de-spreading of the CDMA signals. Also other receiver
architectures such as equalizers are suitable to perform coherent demodulation in
CDMA systems.
[1078] SCH suppression/cancellation is one method for resolving the
interference issues, such as SCH interfering with PC bits (impacts UL power

control). In one embodiment, the problem is solved at the UE by identifying the



transmtted. [1079] In 3rd Generation CDVA systens specifically, there is
the potential for transm ssion of non-orthogonal signal conponents wherein
ot her si gwealo3/ortsnponents transmtted fromthe sanme transnmPCrasoae®seubj ect
to increased interference. For exanple, when transmtting the
time-multiplexed Synchronization Chzltgnel (SCH) or when transmtting data
usi ng Secondary Scranbling codes in he downl i nk of Universal Mbile

Tel econmuni cati ons System Terrestrial Radio Access (UTRA) Frequency

Di vi si qgc A &ﬁn@%ﬁﬁéﬁgamw%m R ihesrRNERce REbIMRE DL Bearthidid er ent

si gnal ‘components res di scussed herei nabove, under certain

condi t icansedtbyetie SOH-roessagsotiaingihgsealsiets poingrwkich doe &Gt masgrpge is
interference tqQ user or control data transmtted in parallel fromthe sane
transmtfefr@rm'ﬁefﬁe i npact of such interference may be the degradation of

decodi ngo7gF" f ff BENGEEfALORCC DAL isyStemsSYpacifigatlydehéreeis! s Updteatiarfor n
favorabl e radio conditions (e.q when no multi-path reception is in effect
a

(i .e., tensghiesipat hof rrereptthegonalarrignglerrasmpgnants « éhaseing cothgli SPNSEcur s) .

In particul ar, when th ser. or, C [0 (o] =oded i ecei ver
are tr&EMPQHEIHS dﬁ??%ﬁtggcﬁ(?% e g@h@ kr@ﬂ%@&lé& gr(g\;a%%gafsb t|ﬁ%rb9§ec§

non- or tikegRAGhce Rt &xapPIPONRGH Sranbittidg dlol tings-mudtiflexsthByrchronizdtioe
drastically degraded. The interference appears to be drapptic \F/}gen t here

is a tiGRannald r P pHeRGrAISNRItiNG EaienbSINGrIPcRNGY: SATRMPIME COPRE dR f er i ng

the 1 e uik L Bl MdbIE e R S St e ot

of an mgRasatWERADFréquersypPivision Muplee (EDB)i systémnas muitialdinterferease 9. The
apparatus 400 inc¢cludes a receiver front end 402 that, ,includes a alog to
o 51 t 2l bRisReBrbe diTeTaResianal oane e TustPU P paasE. MR e e
in the ﬁerpd%'v ik 4020.- bf 488al conpdnefls t eagssearueher 404,
a channée estlﬁ{)r%{j@reﬂ%ﬁogﬁg%l%dgéﬂ O-Fg???ﬂ%torg4%8 for int e?fe?ence conponent
caused ihierfevence t toogseal ot rcoméiel sdatantrappiitied imhpasdlel chen Ho B

Channel PRy The dpaar Do ot enF S RaY Einhe detdydi BEEEONRg, " L.

to the Rfincesii wd eecet®ér. Hich ARy be ehieduitdedanr in ifasdrableerddiousi ng a
sliding correlation with a-priori known synbols of the | CH., WO 03/ 079577

PCT/ USO8 G (R@. Thiesh Aonenulipathirateserion ot alieels(ke-otipgieat

stgnifi %%gbtigr%l, %}ﬁdt\lﬁ?eﬁw 8HI9 little or no fading occurs). In particular, when the user or
control data to be decoded in the receiver are transmitted during a close or same
time interval(s) as the non-orthogonal signal components, the decoding
performance could be drastically degraded. The interference appears 1o be
dramatic when there is a time-wise overlapping of sufficient information with the
interfering signal.
[1080] The impact of the interference may be reduced by canceling the
interference component, i.e., nbn—orthogonal component. One embodiment of an
apparatus 400 for suppressing the SCH is illustrated in FIG. 9. The apparatus 400
includes a receiver front end 402 that includes an analog to digital converter,
wherein a received signal is first processed by the UE in the receiver front end
402. The unit 402 is coupled to a searcher 404, a channel estimator 406, and an
estimator 408 for interference component caused by non-orthogonal transmission
signal. The searcher 404 uses a-priori knowledge of transmit signal components
such as the Common Pilot Channel (CPICH) in order to provide information on
significant delay taps to the channel estimator 406. This can be achieved for

instance by using a sliding correlation with a-priori known symbols of the CPICH.



correspondi ng channel tap coefficients that have been derived for instance
by correlation with a-priori known synbols of the CPICH for given del ay
taps. Thewoobamset estinmator 406 is coupled to a denodul atcr/usa®oxse ch i s
further coupled to a decoder 412. The output of the estimator 408 is an
estimated interference conponent mh& h is then subtracted fromthe output
of the unit 402. In this way, the interference conponent, i.e., the power
of the interfering channel is subtracted fromthe received signal. This is

prior W‘P\ededﬁ'éﬁHélatésﬂﬁwgt&bM@_Gt Rahtihheusp PEBLLES si?ﬁifi&ér@ d8lagottass pmtls to a
e

RAKE receiver, 1.e., diversity receiver. [1081] In operation, the received
si gnal cosresposdidgrahrame! hapicagfiicipatst thetikjayet beery dasivefntosringlegae oy

resultin rr.om t he non-orthogo |t r e
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known at the receiver, such knowledge may be exploited to improve the quality of
the estimated interference component at the receiver.

[1082] After the interference component is estimated, the total received signal
is modified such that the impact of the interference component is reduced. In an
ideal situation this interference component is cancelled. The modified received
signal is then used for decoding the transmitted user and/or control data like the
unmodified received signal in a conventional receiver. Due to the reduction of
interference in the received signal, the decoding performance for the user and/or
control data can be improved. In particular, in cases where the user and/or control
data contained in a transport block are transmitted in parallel with the non-
orthogonal signal component, this decoding improvement may be desirable.
Various embodiments may be implemented to mitigate the effect of the
interference component.

[1083] A first embodiment subtracts an appropriate digital representation of the
estimated interference component at the input of each RAKE finger in a RAKE

receiver. A second embodiment subtracts an appropriate digital representation of



the estimated interference conponent at the output of each RAKE finger in a
RAKE receiver. A third enbodi nent subtracts a synthesized digital

repr esentwoiosn79sof the interference conponent in the digi tralr/ubosrenso f r om
the A/D converted received signal at the input of a digital receiver. A
fourth enbodi nent subtracts an appr?ﬁri ate digital representation of the
estimated i nterference conponent at e output of the RAKE finger conbiner
in a RAKE receiver. The choice which of the four mentioned enbodi nents is
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anplitude estinmates of channel coefficients in order to enable coherent
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and decodi ng performance of the receiver. %085] In order to follow the
vari at ilaiger drar thensrmplingerate et e kpgy et thei RBKEFINgesRei ver enpl oyi ng
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coeffi ortizgtion OHagdebySCHE ineke mowiinkpbieU THA FADD syateaf mutualart WO
03/ 07gﬁntéﬁzgéc%s%?é{vee?egﬁ?he different transmitted signal components may result. In
particular, signals that are intended to serve as a phase reference, e.g. the
Common Pilot Channe! (CPICH) in UTRA FDD systems, are subject to increased
interference due to the non-orthogonal transmission of other downlink signals such
as the SCH. Consider pilot signals known a priori by the receiver, such as the
CPICH, used to produce phase and/or amplitude estimates of channel coefficients
in order to enable coherent demodulation. The quality of the phase and/or
amplitude estimates may be degraded when non-orthogonal signal componenis
are transmitted in parallel to the phase reference signal. The degradation of
phase and/or amplitude estimates of channel coefficients will result in a degraded
demodulation and decoding performance of the receiver.
[1085] In order to follow the variations of channel coefficients over time, a
receiver employing coherent demodulation updates phase and/or amplitude
estimates of channel coefficients continuously. Since the time variations of

channel coefficients are limited by the maximum Doppler shift, state of the art
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consecutive channel estimates in order to inprove estimation quality by
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' ncl Udelhtevr\\%lg?’ lI'R|7sgr?1£z/ b%cgégé%(l&%%'sgy i@t?’oducing weighting factors for channel
coefficient estimates that are proportional to their respective estimation quality,
e.g. in terms of the channel estimation Signal-to-Noise and Interference Ratio
(SNIR). In exireme cases, the weighting may be chosen such that the estimates
subject to interference from non-orthogonal transmit signals are not used at all
(weight factor of zero). As channel coefficient estimates subject to such increased
interference are less significaht in the pilot filtering process, the resulting channel
estimation quality will thereby improve. Even if pilot filtering is not used, the
information about the presence of interference due to non-orthogonal transmit
signals may be used to skip channel coefficient estimates that were generated in
these time intervals and re-use older estimates instead.

[1087] As described in the previous paragraph, the information about time
intervals in which non-orthogonal signal components are transmitted may be
exploited in different ways to reduce channel estimation errors. Various

embodiments and implementations include:



Ski p channel coefficient estinmates that are subject to increased
interference due to the presence of non-orthogonal transmt signals and
re-use thwoloavexst? non-affected estimate. Repl ace channelpCxasbs/imsent
estimates that are subject to increased interference due to the presence
of non-orthogonal transmt signals bé3the average of the previous and the
current channel coefficient estimteST Skip channel coefficient estinmates
that are subject to increased interference due to the presence of"
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to resolve the lmpact of interference. Specifically, the examples provide methods
for exploiting a priori knowledge of interference timing. In the case of the SCH in
UTRA FDD or WCDMA systems, the SCH time intervals are known after the
terminal has successfully acquired the slot timing. Therefore, improving channel
estimates in the described way is possible in such systems.
[1089] FIG. 10 illustrates an apparatus 500 including a receiver front end 502
which includes an analog to digital converter coupled to a searcher 504, a channel
coefficient estimator 506, and a demodulator and decode unit 512. The searcher
element 504 uses a-priori knowledge of transmit signal components such as the
Common Pilot Channel (CPICH) in order to provide information on significant
delay taps to a channel coefficient estimator 506. This can be achieved for
instance by using a sliding correlation with a-priori known symbols of the CPICH.
The channel coefficient estimator 506 provides a sequence of channel coefficient
estimates for one the significant channel taps to a pilot filter 510. A weight factor
generator 508 provides a sequence of weighting factors that are specific for each

channel coefficient estimate to the pilot filter 510. The weight should represent the



quality of each channel coefficient estimate. Estimates for the CPICH pil ot
synbol SNIR could be used as a netric for the channel estinmation quality.
The pi | otwbiBH®577 uses the wei ght factors to produce filt eced/Soso®sons of
the channel coefficient estimates. The pilot filter is further coupled to
denodul at or and decode unit 512, mhbgh perfornms coherent denodul ati on and
decodi ng of the transmtted data. order to perform coherent
denodul ati on, estimates for the channel coefficients for all significant
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channel coefficient estimates that are filtered in the pilot filter as described
hereinabove. Now a second iteration of interference cancellation could be
performed. The output of the pilot filter could be used to derive a new and
enhanced estimate of the interference component in the interference estimator.
The new and enhanced estimate of the interference component could be
subtracted from the original digital representation of the received signal. A second
iteration of improved channel estimation could be started. And so on... until further
iterations do not increase the pilot weight factors any more. Then the latest
channel coefficient estimates and the latest interference cancelled received signal

are used for coherent demodulation.

Power Boosting at the Transmitter
[1091] In 3GPP FDD downlink, the SCH (Synchronization Channel) is

transmitted in a non-orthogonal way. As seen by a UE, this implies that other

signals transmitted from the same cell/Node-B are subject to additional
interference from the SCH. This interference is deterministic in nature, repeating



every 10 ns radio frame, thus degrading the received SNR at the term nal.
The Node-B can mtigate this effect by increasing the transmt power for
al I chanmeDa3/07950T t he durati on when SCH i s present. Thi sPaparseseidscan be
generalized to any scenario wherein the interference has a determnistic
conponent that the Node-B is aware ?é [ 1092] The SCH conprises of a PSC
(Primary Scrambling Code) that repea every 0.666... nms slot and a SSC
Eﬁle_c(lzgdary Sc&;\nbl ! @ Code) group that repeats every 10 ns radio frane.
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wherein « = Complex fading coefficient
S = Non -orthogonality factor
SF = Spread factor
E, = Energy per chip of transport channel
E_, = Energy per chip of SCH
I,, = Thermal Noise plus Other Cell Interference power spectral density

[1093] Essentially, the SCH (when present) degrades the SNR of received
symbols. Those terminals close to the Node-B, do not have the luxury of receiving
symbols from adjacent Node-Bs. Therefore, proximate terminals are generally not
able to use diversity techniques. The non-orthogonality factor is a function of
channelization code (OVSF code), DSC, SSC and time (modulo 10 ms).
Therefore, the Node-B could unilaterally increase the transmit power of other
channels such as DPCH, when the SCH is present. The increase in transmit
power could be stored in a look-up table, which is pre-computed with the
parameters listed above.

[1094] Further, the increase in power may be a function of the terminal
geometry, which is a measure of downlink C/I. If the terminal geometry is small,
the increase in transmit power should be lower as the SCH constitutes a smaller

proportion of interference and has negligible effect on received symbol SNR, and



26 vice versa. The non-orthogonality factor varies as a function of tinme
and the channelization code utilized in the downlink. [1095] In one
enbodi nerwp 084029sDPCCH i ncl udes dedi cated pilot bits, upli ®KT/UHMN t Power
Control (TPC) bits and Transport Format Conbination Index (TFCl) bits. The
dedi cated pilot bits are used to conput e the downlink SNR In the inner

| oop of DLPC (DL Power Control), thiS5 SNRis conpared to the target SNR

set by the outer loop. If the conputed SNR is less than the target SNR, the
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al gorithms do nho ass a determnistic conponent in the interference. If
t he Sam?r@aﬁﬁé%%h?nﬁm R¥§'ocati on of TPC bits, the threshold to determine

the si "io 61 t heo HievRitd #hid %’tﬁeﬁrﬁt@foﬂoﬁvmg? bWer edntrdlelGsHthm atthendEi zat i on
(C)\/SF)Ql e] and the downl i Pk scranbl i ng codg The TFCl bits are used to, |

(t:)iotrrrs)u;jzmg%%s;@nspgt f or mat cogbl nation on a slot-by-slot basis. The TFCl
plis are, g %% rr\rgtpe 8§20l BralS 25 211, 25.212 and 25.213. WO
! e Compute the difference between the estimated SNR and the target SNR.
e |f the difference is greater than zero (estimated SNR is greater than target),
signal the Node-B to reduce transmit power.
e If the difference is less than zero and less than a threshold, signal the Node-B
to increase transmit power.
« |f the difference is less than zero, but greater than a threshold, signal the Node-
B to reduce transmit power.
[1097] Among other things, the threshold could be a function of the UE
geometry. In a simpler implementation, the threshold could be a constant.
[1098] The TPC bits are used to set the uplink transmit power. Any error in
estimating the sign of the bits leads to a performance loss on the uplink. Typical
TPC bit sign estimation algorithms do not assume a deterministic component in
the interference. If the SCH is present at the location of TPC bits, the threshold to
determine the sign of the TPC bits needs to be a function of the SCH,
channelization (OVSF) code and the downlink scrambling code. The TFCI bits are
used to compute the transport format combination on a slot-by-slot basis. The
TFCI bits are coded. TFCI coding is detailed in TS 25.211, 25.212 and 25.213.



[ 1099] Once the UE has acquired the systemtimng, i.e., "knows" the SCH
value and location in tinme, the UE knows the value of R as a function of
time for weash7shannel i zati on code. As the val ue of R inciPeagsss3/ovbe symnbol
SNR degrades. [1100] The synbols are typically scaled by the common pil ot
strength prior to conbination with 5 e synbols fromother nulti-path
conponents for a RAKE receiver. The”"UE nmay interpret the common pil ot
strength fromeach finger as a tine-varying weight applied to the synbols.
Since yigodf abheekRBIOE! s RoifellthoPoydtom fiviid, ian, Kndwsrethen8CH
channeli zati on code, there are nmultiple ways of mtigating the effect of

t he addiatieoantl ldcttionfiariene ethier O 18CHYs Mg valueeoivBlasea dingloni &f imefferent for

t he same synbol fromdifferent rrulti-foth conponents from,.different
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t r ansnicesnisinaidn WAthAGKd N4Erbate sisame stheeninudtinpathe cdmponents frea Bfdskat i ng at
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L2 ACKfP sisaa fumetioepsfatiine apdobh@&melizatior]codes et aravesttiptatways of

potential scenarios resulting in the |oss of the 12 A ssage, d

si mul atmkﬁlﬂa’fllﬂ%@%ﬁﬁw@ﬁtﬁﬁpﬂé&ht@ﬁ% 'Wtégﬁfqnoﬁrféqﬁ"asghnb@%%%e y ?ﬁﬁ ‘szaiﬂeous
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Sai d i nRGientNeRREBS PePANE S (5 scditferdnt] foruiiffarent syrhiolsrfaomarthessaone of t hi s
message; the inpact of losing the L2 ACK/NACK is described in the next

sect i ormultineatl copmonenkof sree-NYR@Rel i nterference may affect ot her
nmessages or WCDVA procedures. [1103] For a given set of circunstances, a

nmessage nmay be particularly sensitive to the SCH interference. This is
veri fi gdtarfersheai!ll2X Examplesul ts. There are WO 03/ 079577 PCT/ US03/ 07950 28 a
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transmission of L2 ACK/NACK messages sent on the downlink when operating at

high geometries. For this scenario, the SCH transmission results in frequent loss
of the ACK/NACK message in the L2 (layer 2). As the ACK/NACK is used to
confirm transmissions, the loss disrupts a given communication and may result in
the loss of a call. Therefore, the interference with the L2 ACK is an unacceptable
problem. |

[1102] Based on investigation of potential scenarios resulting in the loss of the
L2 ACK message, and simulation, the problem appears to result from a number of
simultaneous conditions. When said conditions are met simultaneously, the SCH
channel! has significant impact on the transmission of the L2 ACK/NACK message.
Said impact appears to prevent successful and reliable transmission of this
message; the impact of losing the L2 ACK/NACK is described in the next section.
Note that the inter-channel interference may affect other messages or W-CDMA
procedures. ‘
[1103] For a given set of circumstances, a message may be particularly

sensitive to the SCH interference. This is verified in simulation results. There are



[1104] In UMIS the L2 entities (Radio Link Control, RLC) may be configured
in three distinct ways: RLC Transparent Modde, nostly for voice services.
RLC Unackwowbedged Mode, for stream ng services and sonme PCHABOI/OTYS0
messages. RLC Acknowl edged Mode, for packet services and nost of the
signaling nessages. [1105] The integschannel interference affects the
Acknow edged Mbode of L2, as L2 ACK/NACK nessages are used for this node.
The SCH transmi ssions introduce interference to transm ssion of the

ACK/ M%lﬁrr‘ﬁpéf‘%?%d tlit%s s%mc? cohf§ifrafibnd MAféh MegaeaBeriepatt sf the BOEbr rect

operation o e Sys n one ~“scenario, the L2 ACK/NACK, loss is limted
to a speerferanceonf btheranteochafnalirteTRFEABIEREMENT REPORT nmessage, wherein the

25. 331 11608 1 ol BWITS Do et UAEE R SopHER RUCRmaVIRECOMRBAT caves
t he regﬁ),reteid]%ﬁ&%s? i.e. that a radio Ilink should be renmoved fromthe

active set. e foll owi ng reconstructs |ikely cases in which this nmessage
maybe | osé: RLC ThansyBASuRANERTMRENORT R aRiwiaes. transmitted in uplink and

not correctly received by t network. I1f all th i nk

e Nack ot ek Msttbetfiodg OF faamindienlss FEPEFSnalfdn.' 2

result of thﬁe%erseset, the content of the re-transm ssion buffers at both
the n

the UE and work are flushed, resulting in the loss of all the

nmessages #otR@Acknowtesiged Modefanpacketaprviges and mesbtE/signalig®oRT
nmessage is in the RLC transm ssion buffer waiting to be sent for the first
time in upli"ARSSEHSE downl i nk ACK/ NACK nmessages correspondi ng to previously

sent Wﬁ?%@é]gs Fhe ihietlhathélSntdicr&@eRs affédts Bhé Ackaewidugedeviode of HRy asig whi ch
the contents of the transm ssion buffers at bot hg’gg@g%‘h%nd t he .net wor k

are fl UsheAGKINAGK: megsages tale Hsed for i moee-ned94g fanpgyissions
REPORT IPEpdues S TeShes 1o, FrerREtrL h s AQUNACRImERERde e e Ve 1

REPORT 'f € ne onger able to renove from
the actjpye dfethebbemeasaged iredultshirt incorgaer epkratientof1the. sygtam. ndhwenk i s

requir es%e%grig? itl?cte a|12n A:(?E/rlr\lulgci)l%altc;sgnist ﬁmtltggt toU% %Béé’.ﬂg hcotn i%hre{tl%%i 8t the
MEASUREMENT REPORT message, wherein the MEASUREMENT REPORT
message configuration (event 1B, described in TS 25.331, section 14.1 2.2) is
used to report that “A primary CPICH leaves the reporting range,” i.e. that a radio
link should be removed from the active set. The following reconstructs likely
cases in which this message maybe lost:

1. The MEASUREMENT REPORT message is transmitted in uplink and not
correctly received by the network. If all the subsequent downlink
ACK/NACK messages are lost, an RLC reset procedure is triggered. As a
result of the RLC reset, the content of the re-transmission buffers at both
the UE and the network are flushed, resulting in the loss of all the
messages not yet successfully transmitted.

2. The MEASUREMENT REPORT message is in the RLC transmission buffer
waiting to be sent for the first time in uplink, and downlink ACK/NACK
messages corresponding to previously sent messages are lost. This
triggers an RLC reset procedure, during which the contents of the
transmission buffers at both the UE and the network are flushed, resulting

in the loss of all the messages not yet transmitted.



link. As a result, the network will respond by increasing the radio |ink Tx
power, until synchronization is |ost (probably due to the |loss of the
uplink resepsiomsy? This wll cause a capacity reduction PATIUsSe3/e®™E0 / sect or
fromwhich the radio link is transmtted. [1107] The |l oss of L2 ACK/ NACK
has a nore general inpact than the spgcific problen(s) as described

her ei nabove. For exanple, the Radi o Resource Control (RRC) protocol relies
heavily on the successful delivery of L2 nmessages. As an exanple, many RRC

pr OCEdE‘i ]gf eoﬁ@@%h&ﬁ@ﬁsUﬂEMENWEP@Hfferﬁ M isdost espeatdionkyisRRC

nmessag eltvered to the lower layers for transm ssion. These include:
RRC comaamgéx\alséwwemveum theRCtigT sgUbegrdiaink et tigaeres eerNREBEASE

20 R SR, SR TR AR S S

RECONF ;i 3RATd ENeSEIVPIHBT FetwiI SHifAés linREGEING | tBURATICOMKCINPIEE, RADI O
BEARER SETUP FAILURE RADI O BEARER RECONFI GURATICN FAmbk$Egﬁ§Qa&HngARER
I

REL EASHE ritihs yndrRFo MRai@PEHPs Frekablpdve) ivdlre dpsscoiNhraiP icAL

CHANNEL .RECONEI GU I ACTI VE
SeT UpBHTER0EPL dretbasltR Bt TR A Ut Ref TR S TR o
UTRAN RAlrsHifiad. MEASUREMENT REPORT. WO 03/ 079577 PCT/ u503/ 07950 30 [1108]

I f L2 ACK/ NACK t b bl y, t tted, then the ld b

L ost, 18487hg 766 dorosb LB RARIG B FapreAngse st (RN R k st at e

machi N&Soblefh(SPAY RERBed HafeihaSSvE FoY BRAHDIE ZAE! RAdIY! Fkésdwcél mopgeyer abl e,

si nce
(RRC) protocol relies heavily on the successful delivery of L2 messages. As an

example, many RRC procedures are considered terminated in UE when the
corresponding RRC message is delivered to the lower layers for transmission.
These include:
RRC CONNECTION SETUP COMPLETE
RRC STATUS
SIGNALLING CONNECTION RELEASE INDICATION
COUNTER CHECK RESPONSE
RADIO BEARER SETUP COMPLETE
RADIO BEARER RECONFIGURATION COMPLETE
RADIO BEARER RELEASE COMPLETE
TRANSPORT CHANNEL RECONFIGURATION COMPLETE
PHYSICAL CHANNEL RECONFIGURATION COMPLETE
RADIO BEARER SETUP FAILURE
RADIO BEARER RECONFIGURATION FAILURE
RADIO BEARER RELEASE FAILURE
TRANSPORT FORMAT COMBINATION CONTROL FAILURE
PHYSICAL CHANNEL RECONFIGURATION FAILURE
UTRAN MOBILITY INFORMATION FAILURE
ACTIVE SET UPDATE FAILURE
HANDOVER FROM UTRAN FAILURE
CELL CHANGE ORDER FROM UTRAN FAILURE
MEASUREMENT REPORT.



nost of the RRC nessages are differential nessages, i.e. they convey only

I nformati on on what has changed with respect to the previous state, not a
snapshot wD oslo®shat est state. As exanple, the ACTIVE SET PPDARE/MSEages
are used to add or renmove radio links to/fromthe active set, wthout
including the current status of the,active set. Simlarly, the MEASUREMENT
CONTROL nessages only indicates the changes in the neighbor |ist, rather
than the | at est status of the neighbor list. [1109] Wenever there is a

reset ? 6@2 LR LS ACWNAeRdcé%o?B@ eRBRly tRBRntfied, RBéN th&Ressageagesd can be

| ost . tlon | eading to the reset of the L2 entity i s not
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connecthgét oNahe BRIEhiddsngebabrd kiiffereatialnerstagedraie mieyncohesy anly
acceptable resets on L2 entities used by RRC is one, even |f hi her val ues
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station works were 1 nple ted according to what is currently
speci f istafusrof thé@eRRBoptisicedur e, vvhenever t he problem occurred, the call or
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occur due to the |oss of ACK/ NACK nessages, the result] engo# 0SS ?f data at

L2 woul ePrawetienmivaje geneeallydhahinis pesigmes the maximum num acceptable
resets on L2 entities used by RRC is one, even if higher values can be configured.

This means that, a single reset of the L2 entity used by RRC would generate an
unrecoverable error.

[1110] The assumption that L2 may be configured (RLC Acknowledged Mode)
to act as a loss-less data transmission layer for RRC messages is one of the
pillars on which the whole RRC architecture is based. In fact, according to the
RRC protocol, the network should “initiate an RRC connection release procedure”
whenever “an unrecoverable error in RB2, RB3 or RB4” is signaled by the mobile
station. If networks were implemented according to what is currently specified in
the RRC procedure, whenever the problem occurred, the call or packet session
would have to be dropped.

[1111]  The problems created by the loss of L2 ACK/NACK to the RRC protocol
results in loss of user data, as in UMTS the RLC Acknowledged mode is also used
to transmit user data for packet services. A continuous loss of L2 ACK/NACK
would cause continuous resets in the used L2 entities, with a resulting continuous
loss of data. This would be perceived by the higher layers and, eventually by the

user, as a loss of connectivity, i.e. the data rate would drop to 0 kb/s.



with a substantial reduction of the data rate as perceived by the
application or by the user. In particular, the flow control nmechani sm used
by TCP/ | PWOaBowWs3tart) would drastically reduce the dataPCatusSoxbmseyver
sone data is lost by the lower |ayers. The quality of service would then
be degraded and the application may tlerm' nate the packet session, due to
the expiration of tinmeouts. [1113] IR W CDMA, AM ( Acknow edged Mode) L2
(layer 2) control Protocol Data Units (PDUs) have the structure as

|11 ust r ‘(f?jr' ”E%ﬁ if Shly ﬁt?mg% 3@Qetd %Eb&'rd%ﬁlesﬁy%@' lobé ebfdACKINACK bit D/ C

f|eId I es her -t PDU carries Control (value "0") or data
i nf or w&hemg{e\saltmea résumr)g Idsrs Qfmatmlaa:LfZ wbuld sauss mepy L@ retransmissinas
following field is

what
i nd ofwu thgusstartial dooartiopnebo s ey B BefedlabBy e aPplPaR oGR "TT ¢
field g Lf e [f;ba%ulasmﬁé Bl &ahysﬁme@ﬂamsao Lisad by TCP/IM@sloat stag)
respectlve DUis a STAT DU, a RESET PDU or a RESET ACK PDU.

RESET ammazﬁsﬁﬁuamm relDcs tQEedaiﬂlfy’tl’feéX\ﬂ‘&ﬂeé'ﬁr 6MsedaBet§cl@st By ther pwekt r ene
t STAT. h
o ot ocdRIATS: FCRNY of Pk oM RrbS RREPBAGL bR e SRRk En ey |

FIG  8Bgrhihatditife packet @esgidnhdddid the(étéﬁmtloﬁldltmem ries RLC pr ot ocol
status information. [1114] The AM Acknovvl Cgﬁ% de}é?LCg@[réﬂb%cgl IS
desi gne[d1&3bundﬁéN Mést Al (Aelipioxs 9@9}1’%%0 t h2 d nts.
In Sucgpgﬁ%\lggﬁg ( cenﬁ) +V@lm£ sk éﬂﬁé“%hra@trs{eoatﬁtw gdoemmetpp(ngeeti ve

and po to preserve e synchroni zation of the
recei veinaindes r<ovenalt fiskdsdovise eﬂnmtt D/C digtd d;pscmlersu wigethzhdke %@Mn@&m@lgnent S

are sent in the formof SUF rt of, S t form
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al | th t s Idiet d@ Beifis € aurRitcld mufber
The SU %qu]g?t ﬂgldt SI S nesﬂlsigg%%mquw lﬁgldng”gs 3?9 boS lr ee fiel 35 1. A

f our b|¢orftrcéllrdormdilmats cayricd dytthisePBU. skalt igleasigp thisefieﬁd caotpke thigech i n

t he case P t ybgi g9
acknow H%% 5@%%0@% @1@@?%%@ :%g g’fgﬂ%ﬁ%q@% I%at ﬁng t he
Sequencsmq*[ﬁsepmp 4 RESET PO br thRESPRUACK PDihs REISET andcﬂ&@ﬁlreﬁgléd Thi s
may take different values, W 03/079577 PCT/US03/07950 32 althou g\p al ways

r epr eseRDiUsganehenly zaxpecttd ko beuirasied famivery sxipme eirgmstances, how
STATUS PDUs are essential for the basic RLC protocol to function. The basic

format of STATUS PDUs is illustrated in FIG. 8B. In this figure, each SUFI
(SUper-Fleld) carries RLC protocol status information.

[1114] The AM (Acknowledged Mode) RLC protocol is designed around a
Selective Repeat scheme with explicit acknowledgments. In such schemes the
reliable transmission of acknowledgements (negative and positive) is central in
order to preserve the synchronization of the receive and transmit windows and to
avoid stalling. These acknowledgments are sent in the form of SUFls, as part of
status PDUs. In a simplest form, an acknowledgment message would indicate the
positive acknowledgment of all the PDUs in the transmitter window up 1o a certain
sequence number. The SUFIs making up this message would be made up of
three fields:

1. A four bit field indicating the type of status Super Field (SUFI), which in
the case where all the PDUs up to a certain sequence number are being
acknowledged, takes value: 0010

2. A twelve bit field 370 indicating the sequence number up to which all the

PDUs are positively acknowledged. This may take different values,



val ue 0 when the RRC connection is established. 3. Padding field 372 fills
the rest of the PDU 360. The padding value is not specified by the

st andar d woWM3mr4si7 be di scarded by the receiver of the stacwasPiRuIsHowever,
a general assunption is that the padding is set by default to all Gs by
nost L2 inplenentations. [1115] Note,that typical PDU sizes are in the
order of 150 bits. Therefore, in a ssage such as the one descri bed
above, there would be on the average 7 bits set to 1 and 143 bits set to

zero (at |east f 2Bl € RepvRub StiRPIHEOREES f h\dunterNahfhadtans froed
ci phering, v\/neerlllillﬁfs21 d,asc aanvgs thrg?data and could therefore alleviate the

occurrence of vdiee prwhérthe RAtesenmeatioptie esteplisBethot applied to Status

PDUs. Scraml ing, .. ffect of i Fngha | 10t epends

on the sequ n?@%gfr{%%?]'§]37gﬂg?%%r%séiogéh‘% Pﬁéﬁﬁpt ggll]% @o&r@eﬁig%t[jgﬁﬁggpare hi t
harder than ot§8tsiedh e ¥taidardRi el 56 efichidst by it rives efitimnce of bits
Is sent on the physical |ayer during transm ssions and re-transm ssions of

the same set o$tatlist BDUevidaweren agesesaliassumpiiondafngiipe paddingds st to

m nimze the i o f, thi I . ner al | desires to: (1
avo: d gendi ngI g@ﬁ@*@@c}ﬁ@m@s&Rﬁsfgét"njéﬁééﬁﬁ%ﬂbﬁ )an ot h)érs (ZI. g. > al | g]s)
sequenge)1510NdNGR trehapseal PBURsitéeare fethe orderhed 180ybits dTheradpes, idwi ng re-
transmssions of the sanme set of bits. [ 117MA§ t of sol utions7 @.c[e o
pr ovi deBeIsAgeEUaRaRS Hig _@Hﬁtdeﬁﬁr'té%?g%e’(&‘)ﬂ% u %.e onrie EragR RIS api ity
pr obl e Ny bR Kt |t 1556 Rt RebsfUaol B Whforl ARMId BECKARGEURE)Z oT O

I ntroduce e padding. The st'atus can be piggy- backed on a data
PDU t r aNwtei alsedthah diteerthmanivierk usEhi scrarbles| thed deta tang cowldr beeioron of

addi tional, (rando bits i he | oad, , reduci ng,the |.ikel.i seei ng
| ong s&Ya¥RER NGO freﬁgea‘{’}dﬁ]lehgﬁﬂ%me, %?V&fnﬁﬁ%'\‘?é'ﬁpe'sﬁtt 5@@%&(‘) ft% peci fic
sequen@gtﬁfplﬁug.s on the physical layer. The main problemwth this
solution 1s that there is not always downlink data to transmt together
with the Status PDUs. [1118] Explicit scranbling at RLC | evel could only be
done wi§h aliﬁecific scranbl i ng sequence that would be known to both the
net wor nobile (potentially negotiated during connection setup).

Thi s gy g worhd edrely of RiRdragHanil PI4AFRDCE dREBNLISOH 1@ Fsquenice ohbits

bit-sequence with another and is therefore not recom*rer}‘derg.,_rﬁieesal t\ﬁ/_t he

fact thatis being transmitted. Some sequences are hit harder than othe y
CDMA is specified, the same sequence of bits is sent on the physical layer during
transmissions and re-transmissions of the same set of data, even when ciphering
is configured. In order to minimize the impact of this problem the system generally
desires to: (1) avoid sending some sequence of bits more often than others (e.g.
all Os sequence); and (2) change the pattern sent on the physical layer during re-
transmissions of the same set of bits.
[1117] A set of solutions are provided below that attempt to achieve (1) and (2).
The L2 ACK reliability problem, specifically, is exacerbated due to the long
sequence of zeros introduced by the padding. The status PDU can be piggy-
backed on a data PDU.transmitted on the downlink. This would lead to the
introduction of additional (random) bits in the payload, reducing the likelihood of
seeing long sequences of all Os and therefore, avoiding the repetition of specific
sequences of bits on the physical layer. The main problem with this solution is that
there is not always downlink data to transmit together with the Status PDUs.
[1118] Explicit scrambling at RLC level could only be done with a specific
scrambling sequence that would be known to both the network and the mobile
(potentially negotiated during connection setup). This method would only replace



that this nethod is relatively easy to inplenent. In the case of scranbling
in the MAC, the scranbling could be tine-specific (based e.g. on CFN).

Thi s woulwoO oal79sinat e data-correl ated errors, ensuring tha&CcTtuse3/hi9&el i hood
of successfully conpleting a certain nunber of re-transm ssions is the
sane for any data sequence. This wob)%d be the best solution in the |ong
termand woul d achieve both (1) and“(2) above, both for ACK/ NACK nessages
and for data PDUs. [1119] The padding field in the nmessage does not need to
be set fQ ﬁ%e@ﬁezfdgf\}vﬁh aBlHe Yy ishReReSe uttrbbb@inaiidece debpitdatdiacy val ue

I's ignore rotocol. The padding value could therefore be nandated
to set théiethis trethad soredathely 2asy to mplesertf dn theecase: losasibiieg imike does
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sol ut i conspleting & destedn MenbaCIoiNEkaneRissieRs ishine SaMR dohl IV wdaide

systemto achieve both, (1 4] | ' uld
noveverseuBnpe. Hia i peLpEBRs! oo EMnEIbR0 a7 4hd wioliu BEARVEBAID £,
sol uti Qﬂ‘% hAd M abdVe, Bsiry fir ATKMNACKMéduagetandafodslatnBDUsOm t he
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Accor di'ng specifications, the system nmay set-up the power
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single __transport c nel (even when l,pl.e r
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the however still remain for specific higher layer data sequences.

[1121] This solution is non-intrusive; both from the standards and from the
implementation point of view so, even though not perfect from the user data point

of view, this is the preferred solution for the short term.

Interference: Power Control
[1122] W-CDMA supports fast downlink power control. In principle if the DCCH
is affected by specific interference the power control mechanism should be able to

adapt to the environment and adjust the power control loop parameters such that
the target DCCH block error rate is met. However this assumes that the power
control loop is set up in such a way as to take into account actual DCCH
performance.

[1123] According to W-CDMA specifications, the system may set-up the power
control procedure in such a way as to only monitor the performance of a single
transport channel (even when multiple transport channels are multiplexed
together). The performance of the other transport channels is controlled through

their relative weighting in the rate matching/multiplexing procedure. In 3GPP TS



possibility to explicitly power control the DCCH [1124] Wen the power
control procedure is solely driven by the performance of the data channel,
any abnorwalo3pzrsfor mance of the DCCH will not be correct e@CTHS03/6MSPower
control |oop procedure. In particular, if the DCCH experiences sone

I nterference which does not affect (%{I\Eaffects to a much | esser extent) the
gui ding channel (e.g., DICH), the p r control outer loop will not

i ncrease the inner loop set-point and the problemw ||l subsist. In one
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[1126] There are a number of conditions which when occurring simultaneously
can potentially lead to a significant impact on the link performance and stability;
the main source for the problem is the interference associated with the non
orthogonal SCH channel. The SCH interference is always present, however,
several factors aggravate the inter-channel interference. First, high geometry
impacts the affects of inter-channel interference. As discussed hereinabove, the
interference is isolated when the UE is proximate the Node-B and therefore,
results in loss of information. Second, when the outer loop control mechanism is
based on transport channels that are not affected by the SCH. In this case, the
power control does not adjust to overcome the impact of the SCH. Third, diversity,
including multi-path, transmit-diversity, magnifies the impact. Additionally, when
there is no diversity gain on the SCH interference, since 100% correlated except
for STTD. This is only a degrading factor if and when the power control outer loop
is based on channels which benefit from the diversity. Fourth, when the low rate

transport channel is multiplexed with higher rate transport channels. Fifth,



the inter-channel interference. [1127] The L2 ACK case includes all of the
aggravated factors. The L2 ACK nessage is a |long sequence of zeros that is
mapped orwo oBh®SDCCH within a higher rate packet confi guratiusnd/o’pbe SCH
covers the DCCH bits. The power control set-point is driven by the DCH
quality at high geonetry. Interferengéa AMR speech service [1128] The

i nter-channel interference may create a problemw th respect to an
Adaptive l\/UIti-Rate (AMR) speech service in WCDMA thus resulting in an
unacce eQ'\M{h RIfPEed eIl S Han® poRAlOresulnAla beasitvity fot e t hat
t he ech service I's provided as an exenpl ar; however, the
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reduced transmt power is insufficient to reliably comuni cate over the
DCCH si gnal i ng channel Sl nce t he DCCH channel does not carry a CRC on all
t r anspafternefeiaenid REpg SeBfie® e, cannot be power controlled. There is no
way for e nidlEcrebfen grabenPiithespeanal amg
channel ?&na@@ggﬁgﬁcﬁénﬁggﬁ ﬁééllri%éf ordgﬁct he trr{insm tter w F not know to
t ake - cordagive v MulttHabe . (AMRP Fpeachaseivide mIWtCBIMA sthug egsmdting in a&dmi t at

| east one transport block with i t or t st ead
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e power - controII ed. CRC errors on the DCCH will_force the

base stnauerfenencze mayr bawe anHepechesmny pbaevarighy of Gthareseryigesahleinidh ons

st ho fgnie iUl ERyB R s o it dnoilhg dufingy FRlRE 8 g DLel, "

to be dRinmeeer Precddureet rhrerhls sRitatiols, smel emlddmgmﬂmmlysmoyeaméh@rom em
for nessages that use Unacknow edged Mbde V\D/]gw/ ﬁ?{%; PCT/ US03/ 07950
36 bet tnamiey @fitdrepped ceis. sTBﬁ(ﬁNBrfﬁﬂﬁ"?@eUE@f ther AMFe Bt fset s

for ea(iﬂe transport format used. Silence frames require much less base station DPCH

transmit power than full rate frames. A long period of silence on the downlink will
thus cause the base station DPCH transmit power to decrease significantly. The
reduced transmit power is insufficient to reliably communicate over the DCCH
signaling channel. Since the DCCH channel does not carry a CRC on all transport
formats, and therefore, cannot be power controlled. There is no way for the
transmitter to know that the error rate on the signaling channel is unacceptably
| high. Therefore, the transmitter will not know to take corrective action.

[1129] A partial solution is to always transmit at least one transport block with
zero bit (1x0 format) on the DCCH instead of no data biock (0x148 format). The
1x0 format includes CRC bits (as opposed to the 0x148 which results in no
transmission or DTX) which allows the DCCH to be power-controlled. CRC errors
on the DCCH will force the base station to increase the transmit power and future
retransmissions will be more likely to succeed.

[1130] Note that this is a partial solution as the signaling messages that follow
long periods of silence are likely to be delayed due to retransmission. This also
does not solve the problem for messages that use Unacknowledged Mode. A



transport format conbination on the DPCH [1131] In the WCDMA system the
voi ce service is provided with the Adaptive Milti-Rate (AMR) speech

servi ce. Wha3lMMR7B50ur ce coder generates either a full ratreTfusaser9sa Sl D
frame, or no data (NULL frame) every 20 ns (i.e. TTlI = 20 ns). The SID
frame is typically sent once every ms during any silence period. [1132]

There are many nodes for the AMR codec, but the nost widely used node is
12. 20 kbps with unequal error protection (UEP). Each of the 244 bits per
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illustrates sinulation results of the required SNR s for various transport
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power (ég{étl_‘rt:g% cannot be run off of the DCCH because there is a 0 x 148 bit
transp ‘mat on the DCCH, which has no CRC. So during the silence

peri od, ?Mﬁn t RRriUtth | P ANsRAEhxeRelsf fa ODCCHY RS raklib r aigmal lsaensi st i ng
of nmostly NULL frames, then a 1 x 148 frane on the DCCH will be received
at abouessages ig multipiexed i hessarmd HCTEL & exactdevsl prrye Maiching ¢ he

SNR cdnnBLoge Thb SRt biite aery sl sk PSS PRI Tndehs, | 5,

there ifge R8s Adddpted ghileling lis th asenhefrbisematdhing attéb@es as indicated
in the table of FIG. 11, which indicates the typical coding on AMR/DCCH transport
channels. '
[1134] Based on simulations with close loop power control for different
propagation conditions, when full-rate class A bits operate at 0.7% BLER, DCCH
BLER is from 2% to 8%. This seems to be reasonable. The problem arises when
the same RM atiributes are kept for SID and NULL frames. The SNR requirement
is much lower for such class A frameé, because SID and NULL frames contain
much fewer bits than the 81 bits for full-rate frames. The table of FIG. 12
illustrates simulation results of the required SNR’s for various transport formats of
the Class A and DCCH channels.
[1135] Note that an outer loop power control cannot be run off of the DCCH
because there is a 0 x 148 bit transport format on the DCCH, which has no CRC.
So during the silence period, when the outer loop is driven off only Class A frames
consisting of mostly NULL frames, then a 1 x 148 frame on the DCCH will be
received at about 3.3 — 0.5 = 2.8 dB Jess than required for a BLER of 1%. In the
lab, simulations have observed that the actual BLER for DCCH at this low SNR
can be up to 60%.



relative to the data channel results in "collisions" which further raise
the DCCH SNR requirenent, and thus exacerbates the problem [1137] Note

t hat t he womndansmt al probl em here is the inherently diffePEmtUuSBMRISO
requirements of Class A NULL franes vs. DCCH signalling frames. Such SNR
requi renments are a function of the t\r%gnsport bl ock | ength, the coding, and
as well as propagation conditions. Since the UE has no control over these
paraneters a good solution would probably have to conme fromthe base
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puncturing on the Class A, B, and C bits to maintain their relative levels of
protection.
[1139] This approach essentially sacrifices transmit power, since the SNR
requirements for Class A, B, and C all go up due to puncturing, for the sake of the
DCCH 1x148 frame. This does not seem to be a good trade-off, since the duty
cycle of the DCCH is relatively low compared to Class A, B, and C, and so will
likely be wasting power most of the time.
[1140]  Another alternative is to allow the UE to run outer loop power control on
the DCCH by using a 1 x 0 transport format on the DCCH instead of the 0 x 148
format. With a DCCH outer loop, once the UE detects a block error on the DCCH,
the UE will request more power and eventually enough power will be transmitted
for the 1 x 148 to get through.
[1141] Transmitting 1 x O instead of 0 x 148 means that there will always be
some transmit power overhead on the DCCH. Furthermore, with this scheme, the
first frame in a series of 1 x 148 frames on the DCCH may always experience a
much higher error rate than subsequent frames, before the outer loop target has
had the time to “catch up.” If there is some acknowledgment/ retransmission

scheme on the DCCH, this may be acceptable.



[1142] Herein, a schenme is presented that may work without transmtting any
nore power than necessary, and furthernore requires no outer |oop

"cat ch-upwo odet®y? This is based on the idea of having thecChases/stosti on
apply a variable DPDCH - DPCCH power offset based on the instantaneous
transmtted TFC (transport format c%gblnatlon) [ 1143] Suppose the base
station were provided a table of the SNR requirenents for all transport
formats as in Table 2. Then for all possible TFCs, the base station can

conput g1tBg] ov eferéin, ANECHEMYi§ PIBSENIES thdilem@?XWdiﬂkmNﬁﬁoaﬂ trangmigtingnelinyi dual
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This corresponds to an SNR of 0.5 dB according to Table 3. At a later time
instant, a signaling message 1 x 148 is multiplexed together with the NULL frame,
with a corresponding requirement of 3.3 dB according to Table 3. The base
station would automatically apply an additional power of 2.8 dB more than what
was used for the no signaling message case, to compensate for the different SNR
requirement.

[1146] In this scheme, if the UE’s inner loop detects that received power has
suddenly changed without the UE having sent any corresponding power control
commands, the UE will assume that the channel conditions have changed and
may try to reverse the power adjustment that the base station provided. This is
because the UE must wait until after receiving a frame to have knowledge of the
frame’s TFC, and hence, to realize that the change in received power was due to
the new transport format, and not a change in channel conditions.

[1147] To address this problem, according to one embodiment, only the
DPDCH transmit power is adjusted per TF, while the DPCCH power is kept
constant across TF’s. In other words, the base station would transmit the DPCCH



39 at the reference power |evel, and woul d adjust the DPDCH power |evel
relative to the DPCCH depending on the transport format. Meanwhile, the
DPCCH r efwpeno®s7power | evel is adjusted as usual accordi RgTIUSOY/SNOr mal
up / down comrands as, determ ned by the inner-loop power control. [1148]
At the Node-B a table is stored to maggthe TF combi nation to a power

of fset value. An exanple of such a table is illustrated in FIG 14. FIG 15
illustrates a process for power control using a table with the mappi ng of
TF comai itee referenecepmovesr lef/ék eindwabuld. adiint the @RBEHPOWST fovies rdixtiveeteei vi ng
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Not e t hatiséhivaILdPP QR ExXakle EsISshoh RE tAR86E ajliigestelioins FRROMY, diFjGerent

BLER targets for each transport format. The base station would sinply take
each sdlysirates BLERCesBgr power gootichusing deiable vytha thabmepping of TF

ol oo oo AR L RRRGE el YR SR bopss Lo B AT debeTRN F0FL. The
DPDCH - cOR&éiHepaback frai @ UEsgidstep a0® ThéE. poNerosoriis fegdigedk SMR be in
requirements set forth in Table may vary depending on inplenentati on, or
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[ 1151] Those of skill jn the ar d understand that i lon an
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information, signhal's,” bi'ts, " synbols, and chips that may be referenced
t hr oughdie ahasnalscve ttansiited iad stapa§08.be represented by vol tages, currents,
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BLER targets for each transport format. The base station would simply take each
separate BLER target into account in deriving a table of transport-format
dependent power offsets.

[1150] The key requirement for implementing this approach is the ability for the
base station to set the DPDCH — DPCCH power ratio based on the TFC." Also, the
exact SNR requirements set forth in Table 2 may vary depending on
implementation, or propagation conditions. The more accurate the requirements,
the more efficient the system will be, in terms of transmit power. Note that in the
case where all SNR requirements are set identically to 0 dB, then this scheme
simply reduces to the original scheme of no transmit power offsets.

[1151] 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.



40 [1152] Those of skill would further appreciate that the various
illustrative logical blocks, nodules, circuits, and al gorithm steps

descri bedwpr3owsnecti on with the enbodi nents di scl osed heceiusosrenpsbe

i mpl enented as el ectronic hardware, conputer software, or conbinations of
both. To clearly illustrate this intggchangeability of hardware and
software, various illustrative conponents, blocks, nodules, circuits, and
st eps have been descri bed above generally in terms of their functionality.
Whet her [+182] f uﬁeroofaékllt would furfriee apptexiateshabihenearousrillustrdtivedogicdlepends

upon th rticu Ilcatl n and design constrajnts inposed n the
overal | %@)‘% Be MO Ugﬁt P84 nRI9RHEM RECH H%§8PH§%TEPW YiE henal i ty
in vary o p u p tion
deci si oﬁg%dgﬁ%%r% not edl ﬁﬁltéqé?lgr E?Jgd%%smgg%gﬁéggea %ﬁtep%?%?ﬂga?b%m t % scope
of the pomrlmr SQitvmrej oor {darhbBiatidhe \odr botis ||rrost01mrilwenllqua'aealthtsl ocks,

dul bed ti t enmbodi
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integrated circuit (AIC), field ?rograrrma e gate array or ot her

pr ogr anPhher fywtionaliyi c‘é/hecﬂ'l@cﬁil&fe unetienality tis am@iesmmtedo@ bardvmrgccpret e
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M cropr enetheWverdilsystomt, h8kided eirtigdrisveay tiglamesieheatestripetl fuactionality
conventional . processor, controller, mcrocontroller, or state nmachine. A

pr ocess 8t VARINGIVEYS fHer eﬁ%P@ﬁ@H{%&p&%‘C@'%m SHEN dmPlaMeriation idesisitng ces,
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m cr opr ocessors, one rocessors i n conjunction w
core, oinvemjioot her such configuration. [1154] The steps of a method or
bed in c nnecti o ts di.scl| os erein

| it
b DI S Py MPa Riies il BlaeRS, mGnpRta Aa0 stits SesSathdl by
pr Ocessebnné’étldnn \Aﬁthc‘?ﬁé" Sabbaméist B%Cfo‘é’@d Aerchof A Se%bﬁéméfd rgside in

RAM nenory, menory, ROM nenory, ROM nenory menor
regi st epgrfomaedl V\d’ﬁhsfk geaeravpdse pm@ssoa a d]glteztmgnak pmwsmm@Sl?)oram of
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i nf or ma{FRGAY) Cor bitRersprogegraniae U |c| Bevibs, alsbﬁétéagatéeor ttdisistbp@ge, nedi um
may be integral to the processor. processor an
discrete hardware components or any combma’uon thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.
[1154] 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 known in the art. An exemplary
storage medium is coupled to the processor such that the processor can 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



WO 03/ 079577 PCT/ US03/ 07950 41 storage nediummay reside in an ASIC. The
ASIC nmay reside in a user termnal. 1In the alternative, the processor and
t he st or awe m®disom nay resi de as discrete conponents in &CWAES3/0601 nal .

[ 1155] The previous description of the disclosed enbodi ments is provided to
enabl e any person skilled in the art fo nake or use the present invention.
Various nodifications to these enbodinents will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
appl i edstovage hwdlumrrbayllrmadesn antASIC. TapaASIOmalyrresidehia s pser terminas.cope of
the invention, Thus, the present invention is not intended to hbe limted

to the Ehwialiemaiven rﬁ@??ﬁﬁ’f ang, the storage [RedHrLMaydresiie ap gksretecope
consi st and novel features disclosed herein. [1156]
orar 1 SCAmREnel A B e RbBE o I G03/ 07050 42 Gl Ve 1 A method i n k
wirel esﬁtﬁﬁhmnThmpi&xinwleemlptmrrpf ithee 1igscloseelt emitodimenta |slpnbvidedatbi on of
a nessage on non- ort assi ht to lural ity
ot "t ancirbeeihy B&rsGh SHIBENS ihe ANaPgRale B] CRETAE Présers ieaatp i/ A, ved at

a recei H%dmc?d?i@ng%%é&en’ﬁqb@ﬂﬁﬁér&@vﬂﬂ%ér%%aa d;YﬁB éFerﬁ*ﬂ@tﬁ&%eéWéd frf @@ each
of the plurality of transmtters, wherein during the slot |ocation the

decodi ngrtj sandic e dgengrico nringiplesi gatidedehgieis. may Tee appllesd tas othercl ai m

1, wh t t

51 vi'ot onct s AR SEBAR RS 08, PR < eoBr 2 1k RBRIRR G ORGP BRannel
s a sypedyepniimaintion i€ henimbnddd td be limité e ﬂrﬁe embbblﬁhéht% sh@hﬁ’f pereih,he SNR
is calculated according to: z SNR=a |l a ( SF 1 a1l Ecsch ', (3+Idc

wher ei nbHt is t el aceordeyl He vhdesti ssane con%stenNMh- ther priagjBlesl and npwek or  SF
= SpreagdigtlsHisclosed herein.

[1156] WHAT IS CLAIMED IS:



Ect = Energy per chip of transport channel Ecsc,t = Energy per chip of SCH
| oC = Thernmal Noise plus Oher Cell Interference power spectral density
and wher ewp 0Blo®smon- ort hogonal ity factor varies as a functcaenusos/osne. 4.
The nethod as in claim3, further conprising: adjusting the weights of the
plurality of transmtters as a functign of the non- orthogonality factor.

5. The nmethod as in claim4, wherein adjusting the weights further
conprises: WO 03/079577 PCT/ US03/07950 43 reducing a wei ght when the
non-orthogonality factor is differenpifie a plurality of transmtters for
a sane synbol. 6. The nethod as in claim4, wherein adjusting the weights
further conprises: reducing a weight when the non-orthogonality factor is

differgnt f fi f . i m:one transmtter. 7.
The rretelhod gigrrfe%hcgcil E{ %wia%a%e?égbﬁ{ugﬁlsp ﬁ&%’?%‘?@%ﬁ@ further conprises:
setting a weigéimihingzesot Weatioh lnd annessagehoy anan-osthéganalcharnekds a
predeterm ned threshol d. 8. An@gé)ga;??t us ipn a w re{@Sf co?grni(f tion
system comRSSEINY amaigRt toq PlyErlky Hﬁﬂémgt%?3§e} GHPBR I8 Essage on a
non-orthogonal G380 flarigTEI) 4feckc Mbcdivehl hd Lo a plurality of

transmtters as a Ion o I gnal -t o- Nol se Ratio (SNR) as received at a
recei ver; artboveanstrdmsmidsiondirageivedas thessiceiver froseieael chthe pleraléyef ver

fromeach of the lurality of transmtters, erein ri the sl ot

| ocation the decdfﬁprﬁ 'ﬁ‘?@’ é‘g@é?'&icﬁtjmtgot ?ﬁé&a\%%é}@ﬁ‘ethev%%é)ﬁjp& I%9. A recei ver
in a wreless corgpdBidiAg k@ heHsdighed dgritssi ng:  receive circuitry; and a
processor adapted to: determne a slot Tocation of a nessage on a

non- ort hogonal channel; assign a weight to a plurality of transmtters as

a functjon Si_anal ; - Nai tio ( . i kver; and
decode 1'r angﬁ?% @?ﬁ%d ?%&e%kﬁelat eﬁée}mr@%@ '@Z?S%%ﬁnh@&aagp asty%g&ﬁ &8
Wideband-Code Division-Multiple Access (W-CDMA) system, and the non-

orthogonal channel is a synchronization channel.

3. The method as in claim 2, wherein the SNR is calculated according to:
SNR = I o l2 E, .SF
Ialz Eoen IB + Ioc
wherein « = Complex fading coefficient
S = Non-orthogonality factor
SF = Spread factor
E, = Energy per chip of transport channel
E., = Energy per chip of SCH
I,, = Thermal Noise plus Other Cell Interference

power spectral density

and wherein the non-orthogonality factor varies as a function of time.
4. The method as in claim 3, further comprising:
adjusting the weights of the plurality of transmitters as a function of the non-

orthogonality factor.

5. The method as in claim 4, wherein adjusting the weights further comprises:



plurality of transmtters, wherein during the slot location the decoding
is according to the assigned weights. 10. The receiver as in claim9,
wher ei n tWe osioresiess comuni cati on systemis a W deband- Eowasso3/07950

Di vision-Miltiple Access (WCDMA) system and the non- orthogonal channel is
a synchroni zation channel. WO 03/0793{7 PCT/US03/07950 44 11. A method in
a Wi rel ess comunication system conprising: determning a slot |ocation of
a nmessage transmitted via a non-orthogonal channel; canceling the received

power of th?eﬂ@éﬁ@@%ei%ﬁﬂwh_éﬁ&ﬁéV\bﬁgar'thlj‘gmhﬁﬁﬂyifaotoﬁ’Iieadiﬁe'rentédr &i a a physi cal
channel . 12. The nmethod as in claim 11, wherejn canceling the received
power of the me gty ifanssaiersder asmMe§YMROL nt er f er ence conponent
associ ated with the message; subtracting the interference conponent from
the received signal to forman adjusted signal; and decoding the adjusted

;Sisgnal I-6,1|3- tfﬂéaeméﬁit tdw@bh s Brscliafim feﬂ Whgréja,adjmmgithew«ng' hitatferther cooprisrsiponent
calcul ated a e input of a diversity receiver. 14. T t hod '

claim 12, M@ﬂéﬁ?'ﬁgt%\@e’igﬁg WW@rtBﬁé@négmﬁg%ﬁ['tyif§C%§g§ gﬁleé?'ggggget hg oﬁltS plu'?
of a diversity \r,\gir“l&n’gxﬁ{%fed#ﬁere-ﬁtﬂ%é%bworﬁsorf‘e”trﬂ@ﬁiﬁbm’ wher ei n cancel i ng

the received po\ _ nessage conprises: estimating an interference
conponent associated with the nessage; subtracting the interference

conmponent f th ' i ' ' -
o e ahaeS in i 47 WherdiR ddidfindne 3digfts b OBGmpriddy!
seiting a weight to zero when the non-orthogonality factor exceeds a

predetermined threshold.

8. . An apparatus in a wireless communication system, comprising:
means for determining a slot location of a message on a non-orthogonal
channel;
means for assigning a weight to a plurality of transmitters as a function of
Signal-to-Noise Ratio (SNR) as received at a receiver; and
means for decoding transmissions received at the receiver from each of the
plurality of transmitters, wherein during the slot location the decoding

is according to the assigned weights.

9. A receiver in a wireless communication system, comprising:
receive circuitry; and
a processor adapted to:
determine a slot location of a message on a non-orthogonal channel;
assign a weight to a plurality of transmitters as a function of Signal-
to-Noise Ratio (SNR) as received at a receiver; and
decode transmissions received at the receiver from each of the
plurality of transmitters, wherein during the slot location the

decoding is according to the assigned weights.

10.  The receiver as in claim 9, wherein the wireless communication system is a
Wideband-Code Division-Multiple Access (W-CDMA) system and the non-

orthogonal channel is a synchronization channel.
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11. A method in a wireless communication system, comprising:
determining a slot location of a message transmitted via a non-orthogonal
channel;
canceling the received power of the message; and

receiving information transmitted via a physical channel.

12. The method as in claim 11, wherein canceling the received power of the
message comprises:
estimating an interference component associated with the message;
subtracting the interference component from the received signal to form an
adjusted signal; and
decoding the adjusted signal.

13.  The method as in claim 12, wherein the interference component is

calculated at the input of a diversity receiver.

14. The method as in claim 12, wherein the interference component is

calculated at the output of a diversity receiver.

15.  The method as in claim 11, wherein canceling the received power of the
message comprises:
estimating an interference component associated with the message;
subtracting the interference component from the received signal to form an
adjusted signal; and

decoding the adjusted signal.



