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Priority under 35 U.S.C. 119(e) [1001] The present Application for Patent
clainms pri oMAW9HETU. S. Provisional Application No. 60/ 36HEGHUK30Fdsh ed
March 14, 2002, assigned to the assignee hereof and hereby expressly
incorporated by reference herein. BACKGROUND Field [1002] The present
invention relates to wirel ess comruni cati on systens generally and
specifically, to nmethods and apparatus for reducing interference in a
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channels are nultiplexed together and transmtted on a single physical
channel . In parallel, various other channels, such as the sync channel,
etc., are transmtted over a common air |ink. The channels may introduce
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is a frame structure for a downlink physical channel in a wreless

comuni cation system enpl oying WCDVA. WO 03/079577 PCTI US03/ 17950 2
[1007] FIG 3 is a frame structure h 6gwﬂ| nk physical control channel
ina wreless comunication system errp oylrng WCDVA. [1008] FIG 4 is a
struct ur &Field a Synchroni zati on Channel (SCH) in a wreless

[1002] The present 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 mulliplexed 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, the
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. 1 is a wireless communication system.

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

communication system employing W-CDMA.



communi cati on system enploying WCDVA. [1009] FIG 5 is a table
illustrating the Signal-to-Noise Ratio (SNR) associated wth various

codi ngs dug,d @y i nterference. [1010] FIGs. 6 and 7 ill .
interleaving 1n a WCDVA system [1011] FIG 8A and FIG @Ig%%?’gprrats for

Protocol Data Units (PDUs) in a W CDVA system [1012] FIGs. 9 and 10 are
wirel ess apparatus for reducing interZerence. [1013] FIG 11 illustrates
codi ng of Adaptive Milti-Rate/Dedicated Control Channel (AMR/ DCCH)

h | s. [1014] FIG 12 ill i I
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to power offset,.val ues. | illustrates in timng diagramform
vari ous %OEEHHP'F%OW%’IS%TP&#@#ﬁé@i@)g%\%ﬁml tiple Transport Channels (TrCHs)
on a compeoPhyEIGd is & e dlustrBlirigtHeEDIgRESICRI 613¢ Bditjol(BI6T) Jesociabac
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specific i ndi cated. [1020] Note that the exenplary enbodinent is

provi deaagéfyphwsé%ml ar throughout this discussion; however, alternate

enbodi NEMD$2]TRY FIGH Ol B &reWréldéHapiSaratué fdr BALLIHGANHéRbRe. 3 vari ous
aspects wi thout departing fromthe scope of ”ﬂff iheseﬁt in\@g on. :
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"~ [1014] FIG. 12 illustrates simulated SNR values required by various transport

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



desiring efficient use and nmanagenent of resources. [1021] The exenpl ary
enbodi nent enpl oys a spread-spectrumw rel ess conmmuni cati on system

enpl oyi ng Wdejga(n_d- Code Division-Miltiple Access (W CDVA). Wrel ess

conmmuni cat i"CA"¥Y/2Y8ms are widely depl oyed to provide vari BOEUSA¥NIE® of
communi cati on such as voice, data, and so on. These systens nay be based
on Code Division-Miltiple Access (COMA), Tine Division Miultiple Access
(TDVR), or some other nodul ation techni ques. A CDVA system provides certain
advant ages over other types of systens, including increased system
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Partnership Project" referred to herein as 3GPP, and embodied in a set of
documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS
25.213, 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
embodimenis 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.

[10253] FIG. t serves as an example of a communicaiions 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



comuni cation for a nunber of cells 102A-102G each of which is serviced by
a correspondi ng base station 104A-104G respectively. In the exenplary
enbodi nment oNe, of the base stations 104 have multiple receive antennas
and ot her gvigg\;)e‘psgm y one receive antenna. Sinilarly, sonBCHUSEHEIBase
stations 104 have multiple transmt antennas, and others have single
transmt antennas. There are no restqictions on the conbinations of
transmt antennas and receive antennas. Therefore, a base station 104 may
have multiple transmt antennas and a single receive antenna, or nay have
mul ti pl enagbei vesdit echedulartdarsnissignse in systagmil 00.anbystae, 100 preyides il i ze

single antennas for_both receiye an 1t, or. nm tili. ltiple
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interface, wherein at | east one of the channels is non-orthogonal to the
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i nt er f erfeneeampieVaviether sbR AR (OarBpibyeder iMbSthdr @HO ttmidal is designed
and operated to (concurrently or sequentially) receive multiple transmissions from
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
'‘METHOD 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 staticn 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



present invention is applicable to other systens, wherein one or nore
channels present interference to other channels. [1028] Returning to FIG
1, the downlink refers to transm ssion fromthe base station 104 to the
terminal 1062 *4H&The uplink refers to transm ssion from PEHUSKIENIRONAl 106
to the base station 104. In the exenplary enbodi nent, sonme of termnals
106 have nultiple receive antennas ang others have only one receive
antenna. In FIG 1, base station 104A transmts data to term nals 106A and
106J on the downlink, base station 104B transmits data to termnals 106B
and 106Jpresénisieverttahi israpilidablertansthet sysierns, woetedn mineabdr M@ chamelso on.

[1029] FIG Jdllustrates, a c(l%\éml I nk dedi cated physical channel, the
Downl i nkPrepRi;i IRHEeNBRQ PG CBAAAMEI (downl i nk DPCH) in a W CDVA system

Ml ti pl e obagi CREwGRMAGNEIAG! af @i adwhiniafefdisaBsieAgmiSHion RIS tiid beks) are-
mul tiplexed to formone physical channel, i.e DPCH. I n other words,

wi t hi n cstetieroviat itakhe DRariNal d@bc anddhe Aplink ertaratie drasmisgeriraayle s ar e

" ¢ e RNPEDER 6 0 e PERO 1o, S BPhp P el sdnd TS 11
Transm tieRaivals (Mhhaed nfdlfitle recswantsennadnghdidtheps ihanalonly anspecdivé-or nat

Conbi nation Indicator (TFCl). The downlink DPCH therefore ma%/ be_seen as a
time muldntgnes 181G dobase slatipedifda: Bansputpsdaia to teppigalenHififepnd and a
downl i nky Dk ' : I ({PREkHIN mﬁé)] I 2

I 11 ust r;ct)es tﬁ@ﬁ&%?fﬁ%&'ﬁgbgg t{%ﬂﬂ%\%ﬁrt?r}gﬁwm?@&c farngrr?&]c’)f | engt h
10 s i shass statiomt@Q Fansoits dadorewhinaleth anglsoor 2560 chi ps,

por t 1 ona 1028 or L RNl CRRekBYoR St Rdie Biisical ZraRhS’ 14 PRI uaes o
first DAD&dicatearrhysitad {CHIMBA{dEWHIMKODPON]AAR, a Veld DMed sisterm. DRIGIgIgor ti on
havi ng NTPC bits of TPC and NTEC, bits of TFCl ., The next portion is a
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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 Tgor = 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 Npata1 bits of DATAT1, followed by a DPCCH portion having Nyp¢ bits of
TPC and Nree 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 Npior
bits.

[1031] The parameter k determines the total number of bits per downlink DPCH
siot. 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.



6 [1032] Also transmtted within the WCDVA systemis a synchronization
sequence on a Synchronization Channel (SCH). Note that the synchronization
sequence nay be referred to as a synchronization message. As detailed in
3GPP TS 28Y@%{"7"*Qéction 5.3.3.5, the SCH is specified asPAomserwsogonal to
the other channels 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 Secondary SCH. The 10 ns radio frames of the Primary and
Secondary SCH are divided into 15 slots, each of length 2560 chips. FIG 3
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Sequencafe Fifntdraf Md 5&@nUingadRld Gtoupurdndgwkardih 3¢ 2to0H, ..., 14 and
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 prob.lems 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 resuit 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 sequences: the primary SCH (PSCH), and the secondary

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



WO (131079577 PCT/ US113/07950 7 the downlink transm ssion. The SCH is
transmtted with a 10% duty cycle wwthin each slot. The SCHis primarily

used by th rmanal, or UE, to acquire the system timng and hel
i dentity tﬁve(;@gq%sqahi ch the UE nay acquire. In other wor dg(,mpﬁb"“”‘ég]—i

reduces the nunber of hypotheses nade by the UE during cell identification.
[ 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 to provide maxi mumisol ati on between the sync channel and the
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The results illustrated in FIG 4 assu al _power for transm ssion of
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The rig um i ndi cat wor st case SNR due to SCH interference to
t he DPCHstrudbires t hat deswibS8NRiIo @QGRP Wi 'S | 258hdr are ynaioerthoganaby theyhare

considering nulti-path or transmt.-diyversity, techni

interfer qutod%rg’glrdﬁi RRgHYn é?%atfoﬁ'l P@W%Sbrtg? g“tg'ag C%:‘Ji.ﬁggla%%{ n’%v@ﬁgrge Wite
Gaussi andovilink haAMER) ) The wldtefi dupehtiR dnothet direading dattopgbtral DPEHES
(around 50% of the conbinations yield orthogonal SCH rel ative tg the DPCH)

i s typicéndey epnsilerpiigheas el ashhensERamMinge CafiR s§ame™) CHRINENEHound may
becone the L it fact or when considering high geonetries. H gh geonetry
refers t%ﬁ'#léﬂ%{nﬁ%mbf the total power received fromthe target cell to

t he t ot aJi0pBlher FiGckillstiatesdhe avdrsicedsescodEidebit Signial-poiNeisei Ratiai (RNR)

I nterference,. b .ntroduced by the envjronnent an y .ot her tr m ssi on
channel s&uel'tr?ethﬁﬁ)(g%r”ﬁﬁﬁﬁf:eqcﬁ 3y g)éa .ﬂﬂ?d'ée-sgl,ts ﬁIHgﬁ ﬂﬁe{j‘HE%’ h& 3588108 F g?Not e
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of special channels such as the SCH); however, fromcell to cell channels

are not ShecarsHPEY BMIfogedal indicask hiThewsft crbme indigategdrePPEposi ti on,
e o oSl [ e AT BB R T RO R 'y,
pronounc®@H interfooetceasd ,thé dDPEHL onote that the SNR bound will generally not
improve when considering multi-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 channels as proximate the Node-B. The interference presented by a
non-orthogonal channel, such as the SCH, is pronounced. [n 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



geonetry position, the UE sees a | ot of non-orthogonal interference as far
fromthe Node-B. The SCH channel is not as pronounced at |ow geonetry as

t he power of WD 03/079577 PCT/U S03/07950 8 the SCH is added to the other
interferend® fK!Hg little difference. Coupled with the BEHYPHETHOI on t hat
the SCHis transmtted at a sane power |evel constantly, but the dedicated
channel is transmtted according to tfie position of the UE, the SCH has a
greater inpact at higher geometries. [1039] The Universal Mobile

Tel econmuni cati ons System (UMIS) nultiplexing and interleaving schene is
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15 sl ot sinteprar§in AR TheAithk RPLHASS a?é%ltnpﬂ@id%ﬁon Bheditramenbhyorasrs i on s
time multipl exed with control information which is provided at known
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the 2"d I nterl eaver ﬂ hea ciate eriodicity i ?r to the slot
peri odi cFANYMER RNESIGH y:giaeaﬁ ch é‘Pg'C ANE S At é””ﬁ“f?ée%@rﬁ BEFRYLicity is

anot her QoiraR}f uaﬁozma@rtaﬂ&pé@%%ﬂﬂelt@zbns StlaRES6 %haﬁﬁ@l 3 9p4€S. Thd 1042]
FIG 6 illustrates the 151 interleaving procedure 300 with radio frane

segnent ahresn tragspon agarned 204ATR04ABTI284C5arei mappeddoi & gphysicakechanael
csentl ey TASUER IEh BT bed Ry SRR, g Y pPA T n
rel ati veCDWH &istemobadthdraig sncliddshil s&@l@hwlhéﬁﬁi@ dachnslot dighadezd2560 t hei r
relative position in the transport bl ock
chips. The data information is time multlplexed with control information which is
provided at known intervals.
[1041] The interleaving involves two steps considering a 1% interleaver and a
2™ interleaver. A potential problem exists when the structure of the 1% interleaver
(detailed below) is such as to cause the problem to repeat each radio frame in the
TTI. Further, the structure of the 2™ 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% interleaving procedure 300 with radio frame
segmentation assuming a 40 ms TTI. The 1% interleaving procedure essentially
ensures that the TTl bits are spread across multiple radio frames. The 1%
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 TTt 302. The
frames are identified as frames 304 A, 3048, 304C, and 304D. Each frame is then

divided into four portions. The frame division is consistent with the number of



can be seen by the position of the gray areas in FIG 6. As illustrated, a
TTI of 40 nsec includes four frames of 10 nsec each. The TTl is identified
as TTI SOZWOT&” 951‘71,‘ anes are identified as frames 304A, 304B, 304C, and
304D, Each™I%R2°YS then divided into four portions. ThePEFPHMEOH0i sion is
consistent wth the nunber of WD 03/079577 PCT/US03/ 07950 9 frames per
TTlI. The portions of the frames are téhen interleaved together to form the
radio frane stream 306. The shaded portion identifies the processing of a
TTI franme 304A. The interleaving procedure 300 involves witing the TTI
franmes rfeawmnedper oW, ahel porionsraddbié frgmesearerther igereaveaistogethemto B ol um.

[ 1043] e Focip BBme i P8l el oy oo e dFedBh b TTT Bt Tt e
in FI G framé Q04ANIER intaMnmigt probednel 300 ihhelveaieitihgane T drapassebvon a 30

colum matrix, wherein the nunber of colums jis consistent with the nunber
of sl ot Pyp@w,@ndniben reading thw frame porttipasreolysn b selmt e pedegiohthfed into

30 porti; | hans are then interleaved to
formt he"qtglﬁﬁél‘?ec{%@?ﬁ%%@%ﬂ@@?ﬁ?@g%@ﬁggb nd i nterl eaver ensures that
some i nf{0043Y i oThd interiezairy proeedyrer3s0diannel’ inedpeerds illustratel isIFdE. The 2nd
interle r, . however, does not ange the relatiye Iti,on of each
transpo?%t/?ﬂ{ﬁaﬁ?eﬁra%sﬂw @?Wrson%aft' PHeRELHS ?IaB?é,{ %%)??%t?f’é“maﬂ?a i on that
the perighrint the HurdbutesH @Nafindls eatdistbhtanBR e narMaBnet sioks put kemas  high
(3000 Hz) as the periodicity of the slot (1500 Hz). Nevertheless if a

peri odi dromihermeiodfriae i52heaeh {rame igatidded Bdo 9P RaTHorsalg fopdra Madix ast as

| ong or ng t LSS ' ryval e af . ' t channel
e g1 ven-or by POkl S8, hedIREHEaIEd R ENR) ifle MRy SAABRREE. ChoTe
parti culTre pMamtpizateceasumek . thaf $6¢é] inftnmatiod dron reachi tcdngpoet ¢hianmepor t

channel s are nmppe n the physical channel affect .the absol ute, position
of each aRPRAHHY a&hgﬁheﬁlh%%t H‘é‘fr?%@r'qﬁ’@ﬁvﬁﬂi W%fc@ﬁﬁﬁjp%ﬁ%lét'\(ﬁ dat a
from eagihsitioANoPOsdcnC hamRBon Wehaihdrs mfdkasion 3AARInHeackUEbh e witht e Mappi ng
order does not affect the fact that a particular transport channel

i nf or matexeaptioninas thepperdedicity efrrppeanenqsddfiaacoriransphrtehangekisdwice 2s1045]
ot or mad19h CoEHR T M BedfRAL O (TR RGeSk e L R "o
t r ansporitterfefegeeduchndotimtdenerabd mynthe STHAMEPOY I&xramlongosbiongbi on or
TFC) whereas fixed position ensures that irrespectjve of the TFC the
transportpa@ﬁng,ﬁ@nsmlssmn interval of a given transport channel in a given slot, the
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 absclute position of each transport channel but not the
periodicity of appearance of data from each transport channel which is always
3000 Hz. Further, th'e_ 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



information will always appear in the same position within a slot.
Consequently, the mapping position does not alleviate the periodic SCH
interference i ssue. REFERENCE CONFI GURATI ON FOR DCCH [ 1046] In sinul ation
results, a“YfU¥H?t7ansport channel may be affected by thePCBOBIYMt®r f er ence
as a function of the position of that channel within the transport WO

03/ 079577 PCT/ US03/ 07950 10 channel 16u|ti pl exi ng structure. Up to half of
the synbols in a given transport channel may be affected by the SCH
interference. This worst case condition occurs when the rate of the

t ranspor éharmannelitipiexih@wtivetugel vEptio hdik obtiie synbalss roat givemaringpsrt whi ch
are nmultiplexed together. In particular, if the_relative size of the
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may beconhe 'a’ pro min alterna erein the
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each slot. [1048]. Consi.dering the referenc hannel configuratio

descr beB® SVOIEPBTaaig asallon RECHBTESTHaERAt APCERARET of BECA® appear s
to be thgijlineerete With&he HoatBYHodoRaMBEnnePNfd BLCTNMANRoRaskrMy dagrief ore be
the one suffering the mpst from SCH i nterference. Table 1 bel ow shows the
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interference may become a problem in alternate type systems, particularly,

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;



DL 384 + 3.4 (kbps) - 0.9% The reference configurations include a first
transm ssion rate for the data followed by a second transm ssion rate for
the DCCH. kasoswesrpl e, in the first row the Down Link (Dpdrgefsipeg the DCH
data rate of 12.2 kbps with a DCCH rate of 3.4 kbps. The first row refers
to voi ce communication; the second rowrefers to video; WO 031079577

PCTI US03/ 07950 11 and the third rowliefers to packet data comuni cation.
The rel ative DCCH payl oad occupancy is calculated as the DCCH rate divided

by th ' T at f data pl As an. , far it '
communi Al O deid G reteren PePrelvorte FomminRRUREne DS el DR i e
as: (cc Seddpanty Rl@(dfaed dsahe DCORChte @iviekd By thecodifihed tateld (12. 2 +

3.4) [1049] The relative DCCH payl oad occupancy is driven by the nopst
denmandi rf datE@lusDERE. TRESImRHambte. K9 heev G ERMMuRicationEaineadR the anpl e,

for the +3 [ 1 ntaneous DTCH rate is O kbps the
DCCH paylﬁggrgévwg% ﬁ??p&?ﬁ%ﬁ%qg%lbetﬁtggal payl oad, wherein the rest are
not transm ttedQccupmancy B BCOH iate/(ieta rateanBBTsbiate) Wbde or DTX. [ 1050] The
transm ssion of the SCH nessage on a non-orthogonal channel introduces
interfer¥nce to other channels, such as the DPCH The DPCH carries data
and control infggaatzanioandatdjerefore, when the SCH interferes with the
control information, any of a variety of problens may result. As described

her ei nbel1848] a Plae r¢laliveaPCpitbpadaad sCeuRANGY ifc@ivannnthenB8osaieMadNg er es
wi th thered s ARa @SS Ao ot b S leBhididots TIFEE, HgnpiB! B uhsngla

I nterference occurs due to control nat 1 on avi ng the
sane perdazdi @ichyif e ihdtanEyeous DM@ Heateon O Kbpe tipe QI @rhpayadbeowdeastill f or any

-ort h |t 1 Tt ithin th t . The.. bl | t
1 oss. [ 4k &7 A RAYRAGITSIF, PO Rre ol (RS BY Tk S alE R UBHOTD - of
the systpihsHR@owMbie of DGxeased use of power for transm ssions wthin the

system Each of _these issues is addressed herei nbel ow. Note that many of
these pi@BPEsTae dramgmisaiory obbe 3G NemessigeerampIneN-aegopplechanngt f er ence

affects iﬂ%@cetsnﬁfeﬁeg@éﬁgttbiﬂ&ﬁéy cHirnbIsN QhicPSs 3 BIFAS! 1912 KPBH Qrids the

control 1S ansmtt
data 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 transmitied 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 intederence 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 iimited 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. [n 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



different tinme. [1052] The problemis not Iimted to the SCH but may
result in any non- orthogonal channel. The various sol utions descri bed

her ei nbel o that the interfering channel is a det | QLst i
conponent g?ﬂ?ﬁggﬁ}erence, and has a known transm ssion %@ﬁbﬁﬂﬁsFﬁ t he
exenpl ary enbodi mrent, the SCH transm ssion period is a multiple of -slot
periodicity. Further, in the exenplang enbodinent, the interfering channel
is transmtted once per franme or once per slot, and the WO 03/ 079577

PCT/ US03/ 07950 12 presence of the interferiBgﬁchannel Is identifiable by

nterf i d
the receprgsency af Brer wierferingy,Channghiseifetiable; py iheirecrivery Bb%f??cépgmbt her
channel s ne.. ' ' descri bed herei nbel ow and
i ncl ude,C%a[lTbggﬁ]gt 59@?'&?’?‘?#) eé@%weﬁgﬁ?@'ﬁq%‘m ng concepts: 1. Quter Loop
Target HA4988] onTHeakasus solatigns2are Daseriast harbinbetpw amp melusie: het aredi ng
robust ness).; .3. Avtgic} Erarre offsets which lead to SCH alignnment with DCCH
bits; 4OWNGHEddP; BEiITIIHPAFPRAPSY: 5. Lower weighting of symbols inpacted
by SCH, 61 SSiilePLBS TarjcIBasadenlWadkeanLinknd 7. Power boosting. [1054] For
the particular issues discussed hereinabove, 1) and 2) will go a long way
i n ensuring. thala scrambog{ipaievedhe eedng &Pusingssthe desired error rate by
the UE wey.er. t:he probl em whi ch
is the SCH:g' |and(l>q Pé%neeﬁ@g‘;.e%ﬁ@ﬂ{%do% ansa;figﬁﬁﬁp f@“ﬁvﬁ\nﬁtﬁ ﬁ?tg'hest Qual ity of
Servi ce [ 1@5Flo periodit imatieavegnsequence associ ated with the SCH

interference is the., | oss of the radi In j.e., call is dropped. This is
parti cul ar Py 4qwesWeightingof W&%'@q@%c}c%gp&red in such a way as not to

take into acouAtsubBrasaidritapcemtionaafd when setting the DL DPCH power.
Under such configuration, the network will not adjust the power allocation

when the DTCHPowerdigasttgd by SCH i nterference and experiences a high error
rate. en | r : ne! W \ St . hi gher
| ayer pr tﬁgggl sk\bmy1qteh€%¢]&%§r §%Lfe¢e§rglé&%s%gﬁiﬁg%ﬁﬁg@seadzéngﬁg'ﬁﬁq ﬁ%alée uired
rel i abi |way ireedsuring thatithe DCGK ean be esenivatawitly the ddsiopedor rate by the

UE. However, 1) and 2) do not address the source of the problem which is the

SCH interference.

Quter 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 wilt
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 channe! satisfies the strictest requirement
regardless of the individual requirements. In effect, the strictest requirement is
applied to all transport channels.



[ 1056] One enbodi nrent seeks to resolve the problens associated with inter-
channel interference by basing the outer | oop power control nmechani smon

the quali DCCH. Note that each of the transportp ccllmﬂ g has a
uni que {V |@f07)gl7eSer vice (QOS) criteria. In this exanple %%OOS

defi ned by the BLER Thi s nmakes possi bl e determ nation of the strict est
QCS of all the transport channels ankd verifies that each channel sati sf I es
the strictest requirenent regardless of the individual requirenents.
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[ 1059] 0 reducé t e ra I's dropped

due to thetheD$ohb émp@rtr&mnpdngcﬂar@blsetrreosystahenapadhtlevoruiﬁtererhtequmm\drk may
be configured in .error rate S|dere in the
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for the @ﬁ%hett%eaﬂ’éjb@hl@@é ‘@ﬁ’élkresggeweoéélééteﬁ Ri¥ehspayY cB&Anet blm‘érﬁ#rOCk
Error Rate (BLER) target for the "particular transport channel in the UE

t hrough Ral€i o Resource Control (RRC) signaling as described in 3GPP TS

25 331 G801 19 o B A FERABELEI RS the cLREINFSIISFIEEAN [Phe

procedur ures t at ea argets se eac
corresporii@l dxparispeng hidraanel mté sonditions, rtbe uabitvagrkt rinay IBIeER)rmgumtinf or the

DCCH Assstd(r:t?] g%vatyht%atn ﬁtte\AB(EEI-Pgrsrors r‘é‘ié fs%loretgldepeo nrthte%o]::v%lr coV\{roI pro<J:onc}Ner control
In particular, the network may set a BLER target for the DCCH; the Radio Network
Controller (RNC) may set a DCCH BLock 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 0 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



commands received fromthe UE, use of the DCCH by the outer |oop power
control will avoid the effects of the inter-channel interference descri bed

earlier. 'Wo&ﬁ»‘?&‘tﬁl , to set a BLER target on a particul apgﬁpgﬂ%ﬁ%g

channel the networ ensures that all the conditions to en

measurenent on a transport channel are net as specified in 3GPP TS 5. 215.
For the particular case of DCCH a Qyclical Redundancy Check (CRC) is
attached to all DCCH transport blocks, including when no data is
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i nt er f er bRwe@enaDBaH fadif fiame houpdem anthibe cogweon pilelahaseeldadiodme curs i n
the RNC {or RRF link. [1063] An alternate enbodi nent which may be used
if the R&%‘ as ,s?‘oérjneaélmconstrai nts on the selection of the frane offset (for
exanpl e H62] o trhenalesibogiment, thes systbmt seledie aOPRCH framesofisessoch thattine) i s
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enbodi mefiesSSHeKEéRNEBYIR ddifcil@sihti BOCAT ThE frahicadBfsklection occurs in
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 channe} with a
channetl 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



channel s so as to coordinate the occurrence of the interfering channel with
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i nterference a%pears to consistent
channel 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



affect the sane transport channel for a given downlink configuration. This
is minly due to the interleaver structure which results in a conpletely

periodic t 1ss,on of the transport channels with a periodicity equal
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2 and discussion thereof. The secondé6interleaver illustrated in FIG 7
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Bl ock i ntegl egyriverdddintiiidhesr. of colums not a nultiple of 15. Any non
periodic interleaver. Wighting Received Transm ssions [1071] Prior to

decodi ng, wrheBlpek Fterahveywitblirsimbes of gpurakingt sgalltipleadd 5. conbi ned with

other nulti- p@&”%@%&rﬁgﬁﬁf The scaling factor is usually a function of

t he comon *pi Ve{-0-noi se ratio. Since the SCH increases

the noise in a determnistic way, this information can be utilized by the
UE to weight the SCH i npacted decoder input synbols differently. [1072]
Consi derﬂéﬁﬂﬂ%ﬂﬁﬂgﬁﬁwa PSC that repeats every 0.666...ms sl ot
and a Sqobhipt PABEALS dB¥SdiNg L hd BrebAULE {JATBs YR iScAlSEadaWahy Nk
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 symbols 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:

2
) QP 1
| Een- B + I
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



channel s, the PSC and SSC are not scranbled with the downlink scranbling
code. [1073] Therefore, at the UE, after de-spreading the incom ng signal
with the I onj ugate of the downlink scranmbling code and de-covering
t he synbol m{"ﬁ%gﬁe OVSF code, the SNR for each synbol a'fqlﬂgm’a?égder
input is given as: SNR=1 al2'E SF lal2-ECun'fl + la wherein a =
Conmpl ex fading coefficient ,a = Non ¥ orthogonality factor SF = Spread
factor E,, = Energy per chip of transport channel E.c,, = Energy per chip
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knows the value of B, there are multiple ways of mitigating the effect of the
additional interference from SCH. For example, the UE may reduce the weight for
each symbol proportionate to the value of B. This assumes that:
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



In a sinpler inplenentation, the weight could be zero if [3 is greater than
a predeterm ned value, and the default value (pilot strength) otherw se.
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propagation’ path. nes 't he propagation y that a signal
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relevant 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
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I n particendiignswifeq. t Weemsme muolti-path reception is in effect (i.e.,, single-path
reception), and when only 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 to 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-orthogona! 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.
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condi ti Oﬁovl/ér. Qﬁﬂﬁérﬂkdrg, when the data transmitted with the interference component is
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 interierence 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
conirol 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



met, wherein -12 dB is a typical power level in conparison to the total
transmt power. Furthernore, when the data transmtted with the

interferen%(g‘s%mgpent is known at the receiver, such knp&/ﬁgg}a?my be

exploited to 1nprove the quality of the estinmated interference conponent

at the receiver. [1082] After the interference conponent is estimated, the
total received signal is nodified s@h that the inpact of the interference
conponent is reduced. In an ideal situation this interference conponent is
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di gital idpoBbnie GMKENENAED, BRMEEHILESN at aRgiogslitseiomhal RAKE hegdrspbit of a
digital receiver. A fourth enbodi nent subtracts an a progr,l ate digital
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Synchronization Channel (SCH) in the downlink of UTRA FDD systems, mutual
interference between the different transmitted signal components may result. In
particular, signals that are intended to serve as a phase reference, e.g. the
Common Pilot Channel (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 components
are transmitted in parallel to the phase reference signal. The degradation of
phase and/or amplitude estimates of channe! 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



accuracy of the estimated interference conponent does not need to be very

hi gh. However, the sanpling rate at the output of the A/D converter is in
general nmuch |arger than the sanpling rate at the input of the RAKE
fingers. [YSB®'797 di scussed herei nabove, when transm tti P/U$e/07950
time-nmul tipl exed Synchronization Channel (SCH) in the downlink of UTRA FDD
systems, mutual interference between,the different transmtted signal
conponents nmay result. In particular, signals that are intended to serve
as a phase reference, e.g. the Conmmon Pilot Channel (CPICH) in UTRA FDD
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intervals. This may be accomplished by introducing 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 extreme 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 significant 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:



in the sane way, i.e., assumng that the estimation quality of consecutive
estimates does not vary. (1086] If the tine intervals during which

non- ort hog |..signal conponents are transmtted are known a priori, this
infornatioﬁgﬁ€§ﬁggptaken into account to reduce the reIeV%HH%B@?”Ehannel
coefficient estimates generated during such tine intervals. This may be
acconpl i shed by introduci ng wei ghti ng3afactors for channel coefficient
estimates that are proportional to their respective estinmation quality,
e.g. in terms of the channel estimation Signal-to-Noise and Interference
Rati o ( SNIeR)Skip shamnel enefficient estimpiesweatgie sHgieablp ipereaped SHeraieRce hat t he
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subj ect to susdh-hffsdie@ssimalgnt erference are less significant in the pilot
filtering process, the resulting channel estimation quality wll thereby
i nprove. EwenRéplage thanrfal coefficiegt estimaes thad are swiect lafiesAaEbn about t he
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di fferent way @'fhgn [ r [ Pl ment s
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t he presence of non-orthogonal jransmt signals. an - use e latest

non- af f ect &d W&ightgaeh Cnﬁ%ﬁﬂq%@h'&l@&ﬁﬁglm@ﬁgﬁ ?}?eci”@H O{etg? gt ftégrf’wgta are
subject to in@&g@g@e{jg%g%mcﬁ{aﬁ@ﬁe@mﬂtfgr {ag eBtigagNCce of non-orthogonal

transmt signals average of the previous and the current channel
coef fici ente edteignheash ch&hkmel cobtiinieet estvedtbiad treninpetof thatpdet filleawithrae subj ect

to increased jnterference ue to the presence of nap,g9rt nal transmt
signal s and r%ﬁfoéw?f%@quo?% 'QG@F&'&Q?WC PH&?&%sﬂéﬁ@fgﬁgPt he next
channel coeffadingpe estimate. Weight each channel coefficient estinate at

the input of the pilot filter with a factor that is proportional to the
SNI R for [1088] ed&lcterdhat the embodiments and implementations listed above are not

intended to be a complete list, but rather illustrate the variety of methods available
to resolve the impact 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.

[t088]) 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 566. 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



Wei ght each channel coefficient estimate at the input of the pilot filter
wth a factor that is a nonotonous increasing function of the SNIR for
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vari ety of methods available to resolve the inpact of interference.
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the wei ght C r e, fi ed vers] : e I ficient
ot mat oprafin o H g e b Ao SRR b b THEAIAE seiffdccone
uni t 512step\hiecdstipeationrafshe ehanesitcodizizitd adild beareatameadigain, dut titie
transmtted data, In_order to perform coherent denodul ation, .estimtes for

the chanW®F BB¥% iofi & $iangt afigri thei gifiraciantOlablcapstiggiechiierieieden. [ 1090]
The descéarhpﬁném.t Pﬂgstoftﬁé s&Bﬂ&@tidnﬂ frleedtintAbd ‘?rﬂt@ﬁéf’en%@’q?%&‘dhbnﬁf}ﬁe for
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mtigating e ef of the interterence conponent on the cha

est i mat egualtwrofassoe ehavoeb esiidamsdivilr betwye dmiled. Bbisdmeeasgeechannatl y. For
exanpl e: esltﬂne?tic;ni éuseitlity could be taken into account when deriving the weight factors for
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 estimaté 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 coefiicient 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



step, the estimated interference conponent is subtracted froma digital
representation of the received signal as described herei nabove. Then in a
second st stimation of the channel coefficients erforned
again, but 't ?%Hﬁ??ne based on the signal after the subtrggﬁbgﬁﬁipgthe
estimated interference conponent. Due to the subtraction of the estinmated
interference conponent, the quality 28f sonme channel estimates will becone
better. This increase channel estimation quality could be taken into

account when deriving the weight factors for ., channel coefficient estimates
that areeYqVt ¥} BW 1adiq Hame: thys @@grgglpgalgedggwe%gj\lﬁﬁéﬁ@@ ﬁ%{BB@é: II'Rﬁ)w a
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A secondis dd4eai on of inproved channel estimation could be started. And so

on... until further iterations do _not increase the pilot weight factors
any nor e[108@¢n (The $GHesMprigearial PE6efRrinary ricrampling Coslea Hatirppeatat est
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Thi s appr{:\’gg3 'r@aﬁécﬂg %%cf?gﬁﬁpquroeagnﬁ%@ggﬁ%ﬁ ng‘w\ﬂgﬁésh the interference
has a determ nistic conpqpgnig that the Node-B is aware of. [1092] The SCH
conpri ses of &NPS@(%E%E;—B&—&H?H% Code) that repeats every 0.666...ns
slot and a SSC (Seco ry«Bctadbl fang Code) group that repeats every 10 ns

radi o franereidnki ke Qbiplex dading icodfficibannel s, the PSC and SSC are not
scranbled with hhez dﬁ‘éﬁ'-&rrﬁqkog%ﬁarl@y”?alc'tor}g code (DSC). Therefore, at the UE,

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 smailer

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



after de-spreading the incomng signal with the conplex conjugate of the
downlink scranbling code and de-covering with the OVSF code (O thogonal
Vari abl e Factor code), the SNR for each synmbol can be witten
as, SNR = | (%Zhgbﬂ% lal Eclch .fl + Ix wherein a = CoPPBL+4di ng
coefficient /3 = Non - orthogonality factor SF = Spread factor Ec, =
Energy per chip of transport channel 26Ec, ch = Energy per chip of SCH |~ =
Thermal Noise plus Qther Cell Interference power spectral density [1093]

Essentially, the SCH (when present) degrades the SNR of ecel veéi symbol s.
Those t eYIRP n4Iraa. cIB?enPB arthegrpay éaCtabVﬁ@ﬁs Rive fyﬂ%thnu;? fipeofnd dBej vi ng

synbol s fiore, proximate termnals are generally
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bits, uplink Transmt Contro PC) bits and Transport Format
Conbi nat |noreasadbe<traoam¢|ppworts The dedicated pilot bits are used to

nrs s 19T ors AIGEY i Sk, hafilont dEvody el idorRESL S e
conput edisgbpdsedl ess than the target SNR, the UE
« Compute the SNR from the dedicated pilot bits.
' » Compute the difference between the estimated SNR and the target SNR.

« If the difference is greater than zero (estimated SNR is greater than target),
signal the Node-B to reduce transmit power.

« 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.



signals to the Node-B to increase the transmt power. The presence of SCH
on these bit-locations degrades the SNR estimate. Therefore, the conputed
SNR at  thggf,sl9&a4 i ons is always |ower, resulting in the ‘HEP%E’ |ng t he
Node-B to |ncrease the transmt power. [1096] To all evi at 'S probl em
the follow ng power control algorithmat the UE is proposed. Conpute the
SNR fromthe dedicated pilot bits. @@npute the difference between the
estimated SNR and the target SNR. |If the difference is greater than zero
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[1101] In practice, service providers have observed reliability problems with the
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 resulling 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
channe! 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 daescribed 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



R as a function of tine and channelization code, there are nmultiple ways of
mtigating the effect of the additional interference from SCH. Note the

val ue of R, 6§3ﬂg"t)jf7erent for the sane synbol fromdifferent nulti

conponents Y70 Ui fferent Node-Bs: the value of (3 is di f’?ypé‘ﬁ’t’mﬁgr
different synbols fromthe sane rrultl -pat h conponent of sane Node- B.
Interference: L2 Exanple [1101] In pr2&ctice, service providers have
observed reliability problens with the transm ssion of L2 ACK/ NACK

nmessages sent on the downlink when operati ng at. hi ﬂh I%eorretrl e For this
Scenari o8 MDA PGHIEASSENG ROMIGACOS| WHiE &ejtigae thedopagholithg NACK

nmessage | n@eﬁét@ntjf’% Oq.loﬂ,yee T}g) -chékhdi e fSHEANNCK is used to confirm

transm ssi ons I'srupts a given comunication and may result in

t he | oss[iif04h cb UMTBtﬁteeILZ)eetltletsh(éiadm binkdlamod RILEhmakdel@nigiredsnan
unaccept bI e roblem [1102] Based on investigation of potential scenarios
resul tin dtsﬂ@c’l‘%@@ of the L2 ACK nessage, and sinulation, the problem

appears to reﬁHttTrBﬁéﬁBrﬁntWHHé’r 8§tly St fatkd g@ condi tions. Wien said

conditions are net sinu aneou t he SCH annel has significant inpact
on the tranrsnRE€ildnackhowieelgea Mt!ﬂé’ Mnt@‘rrreaa’sls;@ger.\nceSaard sompasignalimgear s to
prevent successful and reliable transm ssion of this nessage; the inpact
of | osing theME8SIE NACK is described in the next section. Note that the

i nt er - channel RLOtﬁkBSW@%?;%de@fféﬁﬁéckef SEHicBE aPAIRSst Of theY SiMlingPr ocedur es.
[ 1103] For a given set circunstances, a message nmay be particularly

sensitive to MAeSEEE. i nterference. This is verified in sinulation results.

cont i gur EL10Bhs heaRefebFtis TRRHEEay andlsing AERGLwRUORFRRREMTR 380, o ey

inter- channeCKi/Nmer mesbages [atd Qdled! forUMISS mdstm L2Thet SCHegalfasionki nk
Cont r ol L r¥ he confi 3ured in three nct ways: RL Tr Bsparent
Mode, m)ﬁ‘t"P{}’ PR integereace dp f%@'SS'W_@fUﬁ% Al snesasges i ®ani ng

Servi ces|3etyShRRe S«hlé@dgeagresnﬁ§%ﬁ%éorred?t&)e%ﬁtf&wf qHgesshdde. mf Bhe Packet
services and nost of i gnal 1 ng
scenario, the L2 ACK/NACK: loss is limited to a specific configuration of 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.



messages. [1105] The inter-channel interference affects the Acknow edged
Mode of L2, as L2 ACK/ NACK nessages are used for this node. The SCH
transm ssi on(i ntroduce interference to transm ssion of the ACK/ NACK
messages inv %3’" | oss of these messages results in i nBeFUEBN¥8er ati on
of the system In one scenario, the L2 ACK/NACK, loss is limted to a
specific configuration of the MEASUREBMENT REPORT nessage, wherein the
VEASURENMENT REPORT rressage configuration (event 1B described in TS
25.331, section 14.1.2.2 used to report that "A primary CPICH | eaves
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sent nes e 1 ost. This tri ggers an RLC reset procedure, during which
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more general RBEdc@NNETIONSERLIE ¢OMPLETE
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.



probl en(s) as descri bed herei nabove. For exanple, the Radi o Resource
Control (RRC) protocol relies heavily on the successful delivery of L2

nmessages. anpl e, many RRC procedures are conside rglnated in
UE when thé%l?:%}r??szzpondi ng RRC nessage is delivered to thégﬂgé\@ﬂ’q}sgyers for

transm ssion. These include: RRC CONNECTI ON SETUP COVPLETE RRC STATUS
Sl GNALLI NG CONNECTI ON RELEASE | NDI CAT30ON COUNTER CHECK RESPONSE RADI O
BEARER SETUP COVPLETE RADI O BEARER RECONFI GURATI ON COVPLETE RADI O BEARER

CHANNEL PGB BRI RATRCIFRIAETE Do o R 0 £ MOREAYER ¢ BEARER
RECONFI CLBATY ONGHUR o8t @ BEARTFa, SRchAhb UBE FRANBRERT SFABVAT

COMBI NATI ON' CONTROC FAI'LURE ~ PHYSI CAL CHANNEL RECONFI GURATI ON' FAI LURE
UTRAN MOBlachings| INFORNVATASHS, e lasrpf AgmehyenigationurihArEumacovireb IeHAIRDEVER FROM

03/ 07957 TORCR! UBRGroBt =530 PBaT PPN RERPRK (inlB0 GYPel DTy

transm t irgskmdtidRnoh hehae paggehrietddwitherdspadt, td eaeli grgvioas asthtes snatf a
synchroni zati on between the UE and network state machines. In nmany cases,

the | 0ssSeAPsPhohih(aiastiskHewi A epamales é*&%ﬁ@rTé%ﬁEeg,EEiUFcQATﬁﬁE?sﬁﬁQeﬁhe RRC
messages jal Godll {?f %ﬁfEF I'é%oxy@ﬁa%‘?&ﬁrt? s t'o/f?omHﬁgﬁcﬁ%nét.’&}’mﬁg%)bftainblﬂﬁf?mgrsﬁﬂé' on on

what has change respect to e previous state, snapshot of the
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status of the neighbor list.
[1108] Whenever there is a reset of the L2 entity used by RRC (RB2, RB3 or
RB4), RRC messages can be lost. If the condition leading to the reset of the L2
entity is not temporary, multiple L2 reset procedures will happen until L2 will
generate an unrecoverable error. L2 will then inform the RRC state machine, and
a message will be sent by the UE to the network requesting the release of the
connection. Note generally that this assumes the maximum number of 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.



current status of the active set. Simlarly, the MEASUREMENT CONTRCL
nmessages only indicates the changes in the neighbor list, rather than the

| at est st he nei ghbor |ist. [1109] Wenever t her et of
the L2 ent ?{d;”g’ﬂ’g;e d' by RRC (RB2, RB3 or RB4), RRC nessagegc"gﬁﬁ’3fgiﬁﬁost

the condition leading to the reset of the L2 entity is not tenporary,
multiple L2 reset procedures will haglen until L2 will generate an
unrecoverable error. L2 will then informthe RRC state machine, and a
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continuous resets in the used L2 entities, with a resulti n? cont i nuous

| oss of Gantol (vaiue “BAdrdiate infemasiondsalyg 1 ell gy Rée fipklissel in@’, ©@Bnt ual | y
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reduce the data rate whenever some data IS |ost by the | ower
PDUs are only expected to be needed for very extreme circumstances, however
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 SUFIs, 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 to a certain
sequence number. The SUFIs making up this message would be made up of
three fields:
1. A tour bit field indicating the type of status Super Field (SUFI), which in
the case where all the PDUs up to a cerlain 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,



| ayers. The quality of service would then be degraded and the application
may term nate the packet session, due to the expiration of tineouts.

[1113] In WPFC(B%@S?' M (Acknow edged Mbde) L2 (Il ayer 2) Conﬁéﬁgﬁ%%ﬁ)co'

Data Units ave the structure as illustrated in FI e PDU 360
i ncludes several fields. The 1 bit D)C field specifies whether the PDU
carries Control (value "0") or data32nformation (value "1"). If the DC
field is set to "0", then the following field is the 3-bit "PDU type"
is.carried by

field. This field specifies what kind of coptrol jnformatjon

this PDU. For rafhoygh ahways ﬁpgeqqngpglﬂleayply%@atcgpg{gr, nggislﬂrtg AR ues. 000,
001 and 010, i ngli|cabiviKh] BIRSEIcKRhYCHIdAAL cbPBIEHAd.i S a STATUS PDU, a RESET
PDU or a RESET ACK PDU. RESET and RESET ACK PDUs are only expected to be

needed for ve. Pagdingdieid 872 Slsbeansiesf the fivdle60. Shareddingigiugis Nessent i al
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to a cerfgienalssemderimeningbahen oS dcrambRi the datal hhe otis dysefonal d be
made up of three fields: 1. A four bit field indicating the t of status
Super Fi dleyiatesum occyrerse ioh the pEoligle |ifraves F'Phﬂ@"@Mohﬁpngcgt%ertai n
sequence &mgblgbugre bei ng acknow edged, takes value: 0010 2. A twelve bit
field 37"8 i ndi cati ng the sequence nunber up to which all the PDUs are
positively acknowl edged. This may take different val ues, WO 03/079577

PCT/ USOSé 079?& 32 al though al ways representing the value of a counter,

whi ch stg%" m value 0 when the RRC connection is established. 3.

Paddi ng fihebp 3TRe kftbbisoftif@r-tRainedintbHereREY d8pOndsTHE tHeaskstirgcy @ bRs i s not
that is being transmitted. Some sequences are hit harder than others. The way W- -
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 0s 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 0s 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



specified by the standard and will be discarded by the receiver of the
status PDU. However, a general assunption is that the padding is set by

default to y nmost L2 inplenentations. [1115] Note i cal PDU
Sizes are i“ﬁi(k}ﬁ)g%g?der of 150 bits. Therefore, in a ness'égﬂﬁéna@%ﬁgs t he

one descri bed above, there would be on the average 7 bits set to 1 and 143
bits set to zero (at | east 130 of whi3dh woul d be consecutive). Note al so
t hat ci phering, when used, scranbles the data and could therefore

alleviate the occurrence of the problem However, ciphering.is, not applied
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relatively easy to inplement. In the case of scranbling in the

system {o achieve both (1) and (2) given hereinabove. The problem would

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



MAC, the scranbling could be tine-specific (based e.g. on CFN). This woul d
elimnate data-correlated errors, ensuring that the |ikelihood of

successf ul eting a certain nunber of re-transm ss e sane
for any dabﬁ”u§éﬁgtnce This woul d be the best solution |$8ﬂﬁ%maahg term
and woul d achieve both (1) and (2) above, both for ACK/ NACK nessages and
for data PDUs. [1119] The padding fia#d in the nessage does not need to be
set to any specific value by the peer entities since the padding value is

i gnored by the protocol. The paddi ng val ue co#ll d ther foretF1 ndated to
set the 34168 & g@n@fwsﬁcgémﬂgmﬂee oPe (gnahgRiedo Miths Py ﬂ\" es not

requi re g,bﬁgy@dgfﬁa\,\g@?@gﬁ&mr&1,3,@% (JJ@ere are again two possibilities in

the way 'thrs ener at e One woul d be to pad using the
repetiti[om24f awspachéipowescontobpocedtre is Boels dovenl bydhe desermanekner at e
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both (1)nyand dodlerdoraBl ib@wrmV@ |n1aaendnn@bif¢m POCid exponews soid | remai n
for speC|f|c hi gher | ayer data sequences. [1121] This solution is

non- i nt ripiereeenceowhich doas Nat aeciranatiectade armueh tasser eRENBABRACHIIMN poi nt
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is the pfe on f & eh nterference: ower Contr ol
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| oop par&fﬁfﬁrrés@uiﬁfbohbaientHBgraTd%hgﬁbf iﬁ@@b@HQféﬂcﬁﬁmeerate is met. However

this assunes that the power <control loop is set up in such a way as to
t ake i nt[é'l35,1:oumhea\cthaeﬂomqntfﬁéprﬁﬁﬁ‘d‘iﬁ:@keﬁ 1@93&}001\@6&?@. RgGHbetiptova

speci fi C%[é e nonsﬁ@r {J?ﬁe%g%fforn@ troht%epé?a‘f’ﬁfnong@{b‘ E? ry B Signdli in such

a way as 1o on nce of a sin nspo nnel
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can be configured w or w thout
Node-B. Note that this configuration should be considered as a relevant invention

to solve the particular problem described herein.

[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-channe! interference. First, high geometry
impacts the affects of inter-channe! 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,



possibility to explicitly power control the DCCH [1124] Wen the power
control procedure is solely driven by the performance of the data channel,
any abnor n@lq PGfHE95 mance of the DCCH will not be correcte power
control | oop prgéﬁéure. In particular, if the DCCH experig%ggén@gﬁg

i nterference which does not affect (or affects to a much | esser extent) the
guiding channel (e.g., DICH), the p&&er control outer loop wll not

i ncrease the inner loop set-point and the problemw ||l subsist. In one
situation, the system does not rup. ap_explicit .power . control .out | oop on
the. boosMessates; ¥y fdaeiedfn pLBus Blaselie PakubitRin Fa iR s ot on
degr adat jhghintef-chaendPitEHeepter mance. [1125] Wien the power contro

procedure takes into account the DCCH error rate the system should be able

t o adapt[11871 heTbendd ACHncasmiinludes allhel Weggaravajed fadtetsgddeoke AGHe ajr
reliably, ver | 0 %b'n ference may
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t han t hehiplwverate gackaigcaiflgovetibnf oTha @i tdovalsatheRDCAOH tite.  Nezloer Not e
that this configuration should consjdered as a relevant invention to
sol ve t hePny! §?‘CRFP'5?'%$‘MBW'BW%5§H %‘@3'%@“@%9‘9?@.@%] There are a number of
condi tions whi ch when occurring sinultaneously can potentially lead to a
significant inpact on the link performance and stability; the main source
for the Iptastsrenss: AMRepeetfesdmicance associ ated with the non orthogonal SCH
channel . SCH in | , Ve factors
agar avai t VERL * ADEERERHERT kB BuPE i bR proltR B e B 0Tt e
af f ect s Aflaptivee MutthRate | (AMR)espesatn gcervicds il WeDBbd tiney eesaioydn aie

interference is |solated when the UE | roxi mat e the Node-B and therefore,
results ‘i”FﬁqCSE@bb’f h'QEf%F‘?Hf"‘eoﬂ’.‘ ?%B&ﬁldj ' &%@H'q ﬁ'@n%|&%q’91-o§];9t%g’!ﬁ1 i
mechani sgmiss sptéﬁc;f?%eﬂﬁcé ri@ﬁ:ﬁ@ﬂ& d%}feiaﬁeéferﬁﬂéﬁ eGeVee! 11 fisel-e8arkhelt he SCH

In this case, power contro s not adjust to overcome the iInpact of
t he SCH.intEmierencedimagrisivieyan impagdt woh any afihtvaripit of othenseniaesdiTherigh y,

magni fi e I npact . Addifi L1y, .when_ there |s.no.div i in on the
Soi i nt o Btk ALY re B8 b cBRE5 8 sifhg, LRTidng Fidheyh Elad o RN 0"
degr adi ngarfa@etpprodedans Whesertdive spoagINse At cluid Bigpificafap indread@siesl on
channel s which benefit fromthe diversity. Fourth, when the |low rate

F
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Fifth, V0o hl3{PORFEm A e EHehdd FRairks dduire much less base station DPCH

transmit power than full rate frames. A long period of silence on the downlink will
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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 block (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



nmessages Wi th |long sequences of bits of a sane polarity result in a
sensitivity to the inter-channel interference. [1127] The L2 ACK case

i ncl udes a ) aggravated factors. The L2 ACK nessage is a |ong
sequence owoz@?'a}sspfhat i s mapped onto the DCCH within a %HH%'P’"?”&% packet
configuration. The SCH covers the DCCH bits. The power control set-point
is driven by the DCH quality at high3geonetry. Interference: AMR speech
service [1128] The inter-channel interference may create a problemwth

respect to an Adaptive Milti-Rate (Al S i i.n W CDVA t hus
r esgl ti rRptien SSW“OUE‘&@E%M%?V qs,it%Hsé@@e@@ﬁéﬁ%ﬁf/ﬁ%ﬁ%et&f% &% si gnal
bearer. t%@oﬁh@ﬁnéﬁ%m%oﬁ&ﬁﬁﬁ@ fRfMice is provided as an exenpl ar;

t channe

however, I nter-chan interference may have an inpact on any of a
vari ety [#13th heln tberWiCRKIA Tysterh| tjle voige servicatie paider wabdhe Adaping ays to

i gnal ing,,.incl udi i gnal i t th hand ar |
cert ai n BpiiEie SAMP SHeFeB e e AN AR R Tl eb B SR et "
dropped &g fréme TASIONRIMEasH riccaRat(NULLE fremVEVdAF Gd me giendsTiupn md)he
transport format used. Silence franes require nmuch | ess base station DPCH

transmi tTheoREt framars hipiqally seat oncgrsery 260 aiyig Y BIense Perie@ on the
doun gkl 3445 5858} D AR, SEMNER CH bUESTrbs PO, Lahioc case

significa transmt power 1S Insufficient to‘reliably
comuni cavde avER.20 kbp H@AH ursiqgabéirorgproteatior (UEB).nEach loé tHaC2H bitapael does
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transmitter will not know to take corrective action. [1129] A parti al
sol uti om)iB-BR always transnmit at |east one transport block with zero bit

(1x0 for on %}EH i ns d 8 r The 1x0
f or mat i[m'@desp\%gg bi s"?é;s}‘@ﬁ‘gé:@éﬁﬂ‘?% %?@Qﬁﬁoé\ﬁ?éﬁ rsge(@l?mé&}rﬁr no
t ransm saessages iOX)tipdwechomtheosame IGCDCEH Toe lexapbleeel afoater mlatahihg CRC

e .the transmt

errors .on e. DCCHwIl fqgrce the base station to increa ;

power *arft P OEER 1ol e eSS o Y. RS SpTb SPTR A PIE 5 EVBRON 1150)
Not e t hahe sty SacBepRitdiadelm@! istd @B ASe tA18 rRatBARY AiGibIRSSAORRiddd fol | ow
| ong periods of "silence are |likely to be delayed due to retransm ssion.

Thi s al g0 thejtabie abk1G ol v avhicieingicaisisdhe typicatesdingesn ANMEYDGEH toaagiaibwl edged

Mode. AC\ﬁQnRQ(SQ?QS?? PCT/ US03107950 .
[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 reasconable. The problem arises when
the same RM attributes are kept for SID and NULL frames. The SNR requirement
is much lower for such class A frame'é, 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
tab, simulations have observed that the actual BLER for DCCH at this low SNR
can be up to 60%.



36 better solution to this problemis to use different DPDCH DPCCH of fsets
for each transport format conbination on the DPCH [1131] In the W CDIVA

system thgovigl§Rspervice is provided with the Adaptive M}‘llnt.lé £ (AMR
speech service. The AMR source coder generates either a f rate frarre a

SID franme, or no data (NULL frane) every 20 ns (i.e. TTl = 20 ms). The SID
frame is typically sent once every 168 ms during any silence period.
[1132] There are many nodes for the AMR codec, but the npbst w dely used

node is k i ual _erron..pr ctd E 244
rode 1S 1RRP “BPSllah, IBERURL s hoSbiR hECLL MRS s SRl B Sy 244
class C hilitive ibhthe @R@reEidn@Bl PsEUlt ih Scélnsimsrewmthrmﬂheﬂ%ée 4he BERTH or

fuII-rate class A bits or 8. 1x10A(- BLER [1133] Along with the AMR

channel sSNG rege¥remgnt, laaﬁlﬂfbu%@gﬁﬁﬂrb%% ProRie§sages is nuitipl exed on the
same CCTLQ@'I_J)ThﬁJo‘?é(ﬂ% th@‘fﬁ#da%erﬁé‘ib&gﬁi@&ﬁﬁé%gs the iMreAf) tll?féijedt cszt oy

St andar dS. wever sed on sone ed information,  the
accept edregquirdeiehtseoi €ldss Als“diJILlhéranmsevdeﬂ@BHnggaaltlmg tﬁlmw a§uch(ﬁf‘¢lat ed in

the tabl e of FI tes t typic n

t ranspor {*AERATA gre TYh%citpnéﬁgh%?anggqrﬂﬁ|ogw%r}p§h rag,ear] o%sbw ﬁwer
control EQbr giaﬁérﬁfﬁbndlﬁéﬁ)sp&gﬁicb(!ﬁe CENKAS h@'&@ntr@l‘l@érfthéée padatetdrdss A bits
operate at DCCH BLER is from2%to 8% This seens to be

r easonabQ@Od Tolution wellshprabaklyhayada compdrasa e hasastation sides Alake RBBt f or
SI D and ass A
franes, aﬂé@% thzhgﬁlﬁ%‘%lﬁggnéé&c%m%? hécﬁ%’%ﬁy evver fEP hestﬁﬁgﬁé;%the 81

bi ts for clardnel, reageDfOCHﬁHsMS‘hSottadm Elask Aframesavould lalgdysabeseceivedladt | on
results of re uir r var'ou ranspor ormats of the Cass A
nd  DocriphheaeE Mar T8 BUREE o Holue bl et B0 whsliopUisie ipceinot “be
run of f edntidlearddGsiot BEEALA ANt A1REStabRe $blRioh 148 bit transport format on the
has no CRC. So during the silence period, when the outer | oop

Psccglr i Y/\Q[ﬂ 1?3\31 ofliy posaigle v adjustelbe ra@n@a@hmﬁ;gatmbu#@%m gangiize the 13, then a

Ile)s(slfﬁaﬁd’ ggmgﬁeyafg%gg-% Ll?ﬁ-Tg/gS IDW* E}Pdé??rlé rr:ui'] elpltrggscg %ivt(ﬁaegbggrved

t hat t hespstémalolt ERdier tdOECreade thel sepetittorSNIR DCOH barhilp ihcreéslfg the
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 0 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. '



W O 03/079577 PCT/US03/ 07950 37 [1136] In addition, there is a possibility
that I 1l-chosen offsets for the SCH relative to the data channel results
in "collis ch further raise the DCCH SNR requi r eggiiqosaid, t hus
exacer bat e*s@ﬁ@%@obl em [1137] Note that the fundanental pr'%l)sgll3 “ftere S
the inherently different SNR requirenents of Class A NULL frames vs. DCCH
signalling frames. Such SNR requiremdnts are a function of the transport
bl ock I ength, the coding, and as well as propagation conditions. Since the
UE has n tr e Rrobably
nave o Doidelt  Srdiica Rl BrRARBhEYIna el 3 SO tkh Marthitf PO e
t o al waymare poest thine rmeemw an@dmﬁterl’mre trdamumahestuterclmprfteatcheu:d. , DCCH

1x148. So thep C ass A WOul s, be rece ed at . nuch tter than
1% BLER d F—BWe&BtS tshpéseth %gﬁ‘é'”édt‘ﬁo%seoﬁ Gm?Pp'Xoﬁwt"Pﬁgﬁ ®and is
not deemp@prh @oﬁ@ ‘c!:"ffbé’t”bésédl%ﬁ%e' Instaht@9stisbtrandraitadi ps¢ the
rate- matchl ng attrl ute equalize th requi rements for Cass A NULL

frames afttcarBEoH fdrrig 8ofmtemadion).l n t hi s case the system woul d desire to

I ncrease, r t|t|on on e jncreasin h ungt r| n the
0 s A A3 GREbEbE " aem s ares; ararned reserB Rf ' el ST on.
[1139] Thquiramehneafdt fists@miportl foymaRCad i T4tsle t2, amBsh tfopampbssisliertrCe, he SNR
requirenents for Class A, B, and C all glo up due to puncturing, for the

sake of thecbasecetption sas corpive thenperalbeNRysausemeNt 8s Hee Maysaddf #le- of f
since thﬁtded*étgw.vauﬁrgkﬁ Eéqtﬁrlaﬁ]e 4 ot fudiehéd InVPI'G’ 1'30W59ggpﬁﬁsrﬁ9 fhe bqs@ss A B,

and C, an ting power
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t he DCCH[1144hpe Uﬁn\oebtuawsqm%sawmﬁ mdo@mmlapdw@wﬁm oaklcongimeahwpiener Wi | |

be transmitted for the 1 X et thro 1141] Transmttlnglxo
i nst ead € @15,@ @L&*@Pﬂt@@l%tsﬂhﬁtughﬁéﬁél%ﬁ ‘Iap[eaﬂbﬁﬁ% OBéra@Bﬁﬁ ?rrr%ﬁfts?ﬁct‘”gbomer
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error rat:entrdfla(abaﬁdtxseqmamnﬂaﬁmm,elnbefmnéltlohe) outer |oop target has
[1145] For example, suppose there is a silence period, and the base station is
transmitting NULL frames {1 x 0 on Class A}, and no signaling (0 x 148 on DCCH).
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



had the time to "catch up." If there is sone acknow edgnent/ retransm ssion
schene on the DCCH, this nay be acceptable. WO 03/079577 PCT/ US03/ 07950 38
[ 1142] Herein chene is presented that may work w tho wtting any
nor e pomer‘g‘{’ﬂg‘?ﬁwzcessary, and furthernore requires no oggﬁrl]%ﬁsgﬁggn
"catch-up” delay. Thi's is based on the idea of having the base station
apply a variable DPDCH - DPCCH povver39offset based on the instantaneous
transmtted TFC (transport format conbination). [1143] Suppose the base
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formats | or alT pos ase station can
conput e tEDPCOHEEpSNY onthe Farsporefermbe Meanwhite, dfe BIFCCH meferamgevi dual

SNR requirenments, as, illustrated in FIG 13. Every frame, the b station
coul d thEﬁWSH]et‘J@r['Staﬁ’é“%t?%ﬁ§dﬁstja€%‘?/€é’ird'a@li%ﬂfﬁ ?Q;’Q'qui{r'pcfe pwgrrmﬁﬁ %‘3 ' TFC

whi ch isd@%ﬁ@?ﬁ%ﬁﬁe%%ﬂlo b HBREE coidli ng for the UE's power control
| (

conmands. Concept ua , this divides the transmt power into one
conponen{1148]ch Attthe NuteeB st tableis sidrasstosmaprtbedit eerabmation 4 RePqiised on

transport format., cqdin tc nd,.anot he i,ch e . bE

adj ust s Pﬁ?%ugﬂu?'nngp-?%JBPIEO%%UC@&F’%& ﬁ{@&gﬁrﬁ@ﬁﬂfﬁ@ﬁﬂﬁanggs 1§Jhannel
condi ti ongstrated 14 Hrobeds exvappives conpploasing henableswih stheemaeppgr olodF and t he
base station is transmtting NULL franes (1 x. O on Cgass AL, and no

si gnal i ngopwination do ppwsrcpijset valies J@S‘Pr%@ﬁéfﬁd@oq Stafs BXReGP VISP
accordin Te . [ ' | ' i 1 x 148
el 1 aPofedep Atk indh USRI TS BBy BRI A g e

requi r emtimg foofn &.L@/diBvracommitingg. tlo olalsimbagimarie theasemmeindtis asethon @

automatically apply an additional, po of 2, re t s used
for the HB”?%/’Q?I‘S{FP%% ”ﬁ%%%‘é%‘i%&?&o%ﬁeﬁr{@g?ﬂ?gr@ﬁ? i&# rOtEhLa}}g?‘f ererﬁh\ggNR
requi r empide- blftfls e tlanSmHCHONE: of thet DPOH Daisbdedn tigopodet eohtsolt hat
recei ved power has suddenly changed _wi t hout the UE havi ng sent an

cor r espofRdhgcliRER thaMk at steffidndbhe IRBSOE RAWar HfsWenBP DRt s W@%Channel
he base A ) ARG MR pi Liithi:8 1R BBHRE of IR BRI BF  er
recei vi ng ha dhaanas taoe lranemitieolvdtestizec@d. the . frame's TFC, and hence, to
realize t[P‘ﬁ{Q]t hef\lo Qe}ﬂgtetr{isn aESFo%icKeé’anpgé"s’Eﬁ& t\)AéaaerqéJr%Ii%é)d to support different

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.



the new transport format, and not a change in channel conditions. [1147] To
address this problem according to one enbodi nent, only the DPDCH transmt

power is per TF, while the DPCCH power is kept pe@Rshffhs@cross
TF's. In g‘%g?’h%ﬁds t he base station would transmt the %Fplﬁs CCH WD 0 31(17

9 57 7 PCTI U8031117950 39 at the reference power |evel, and woul d adj ust
t he DPDCH power level relative to t ¥ DPCCH dependi ng on the transport
format. Meanwhile, the DPCCH reference power |level is adjusted as usual

accordin th / ner -1 oop
pover cogl PRI, " THBSG TR Rl RRATheE BBREIRe Hht 17 LB A0 b G

conbi nat ibmmk*aorrmdpkmwecircmfsf st algbrithm Atepsxdeneiibedfin sconineatioraith the
illustrated in FIG .14. strates a roces p ontrol
using a tegg]og MERR Q'ﬁgoﬁ%(i)&q{ﬁ'”ofna#% W?WQP Sn 3 o° %8&@?'0 ﬁ’%@@tﬁ Sal ue.

The proc%éﬁm@flé? sbfivhfe, DYor @eRIDIAAIBNEOWET bottoNt 'Y EleadPadiysiratemthisUE at
step 602. The power control feedback may be in the formof up/down

commands lntBWhéﬁ@e@Hﬁbd@fnﬁﬁdeQfﬁeaﬁ@r’rﬁw{ﬁf@s vBHGES iysteative ofEPPRIS.of a
easur ed ﬁdo‘ﬂ?%o&ﬂe% Wil gr%ﬁﬁﬁgéhé%ase m%dtcﬂfogs la’%ll Tﬁ‘f‘errln%bde B

adj usts t Yansm it power n ro
f eedback of tloair fumetidifalit. $Viegth604uchil henctiormaligyrist mp;damenta‘d asumamma ars t hen

| cul ated, b lying th ffset to th [ st
05, ThaoLRA RSN LR B A e P ieaiorad SRR B nES RO s

appr oach opaRe RASHIIYsyBR rfle BkiIRY! #rfshrisomay RApkemeit ftrﬁee HesdribeBLiERcichaaS!t s for
each transport format. The base station would sinply take each  separate

BLER t ar geva"medNé!fcﬁw wach padiigulas anplisatioal bet sdch ieiapentatiosdegisiongependent
power off 5 r | roach is
the abili f‘gu@oﬁ]c{t]@? %%ysbgeg%t#ag%ﬁ%gse%pg% %ﬂg@%&cﬁ %%V@F%t e}
based onlrweentlad-FC Al so, the exact SNR requirenents set forth in Table 2
may vary ndi ment at i on pr o ati on_.condi The nor e
accurate [ffgﬁr eqﬂ'l%r‘@%’HPgP“S "BHwe fﬂS’C@l Qlof:l"%lrﬁﬂ&ﬂgﬁea %'f%‘r‘rtls\ﬂtelsl:r Nn terns

of transr&bhné@w wutH'OfH% feh%odlrﬂem@.ed.ser%@@d vmém Fhay Wihﬁ%érﬁé@rﬁrs are
set identically t then this schene I nply r'educes to the original

schene ofperf@rmqatmmat gmkpwsepsoce[sgqrsa]dlmmwnﬁl Psegassorf (D$Me aart woul d
underSta%gpﬁé}ﬁ‘i%n'Qﬂe%ﬁf%ﬂn'té)é}a%%d cﬁ&&P?hélC), a field programmable gate array

(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with 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



may be represented using any of a variety of different technol ogies and

techni ques. For exanple, data, instructions, conmands, information,

si gnal s, b\'vb% m.mg.y.,nbol s, and chips that may be referenceq,ctrmsgﬂgﬂgpt t he
above descri pPI on may be represented by voltages, currents, )

el ectromagneti c waves, magnetic fields or particles, optical fields or

particles, or any conbination thereof4l WD 113/ 079577 PCT/ US03/ 07950 40

[ 1152] Those of skill would further appreciate that the various

i Il ustrat e ,i-nd » Thi YRt ) S
descri be%koxﬁg‘%:ﬁﬁgr@ imoéiriJ %%F% '{1@ Hé@ogﬁ%ﬁ’dg rﬁ%%@!ﬁﬁ&%@%&be

i mpl enentrethealteheaiitg, tne prévesdonard the efpageemesiafm waae reside aerdisanetei ons  of
both. To clearly illustrate this interchangeability of hardware and

sof t war eFW‘QPP%ﬁ@ i BUSEE IELTINAY conponents, bl ocks, nodul es, circuits, and
steps hayprgimen 14@sEkLREd RRRHBIGFBEIR ticioBed YiBodifenid Rl providRatibonal i ty.
Whet her such functionality is Inplemented as hardware or software depends
upon t he epableianyl parseipghillechin iba aghi meke ghusdinst presanisinyeplinse dvarmust he

| . il i 1 ' t i i it
P varyi TEUGERIORS 1S ESh UqttBo oV bBP BB e St 83Tk SR Bihbar T on
deci si onart, saadl thenglenbdc i prietipieet edfidsd cldrginngnay depanpplied ftoomtiidre scope
of the present invention. [1153] The various illustrative |aqgical blocks,
modul es, egRPdimentawithoddRRaRG oM the SRid of ﬁ‘éQPQAPfttﬁet"h‘é?rB'ﬁ’Bod%HﬁHP@

di scl Osegré'é?ern?!id%_e h REndtTRIeHEBALE HeON itébegoftﬂé'ﬁﬁbaﬂifr{énf’s GG Abreylr POSE
processor, a digital signal processor r?DSP , an application specific

i nt egr at &dt & tac b tacca@ied) theawitiesl scqpeogensintent! witlydle paincigles @mPadyelor ot her
programTﬁm l.ogl i di screte gate or transistor logic, discrete

har dwar e cct)ﬁﬁ?g%ggr?t%ssggg{reﬁ;éﬂy conmbi nation thereof designed to perform the
functi on$itssjcr VBHATHSIGILAIMED@SNeEr al pur pose processor nmay be a -

m croprocessor, but in the alternative, the processor may be any
conventional processor, controller, mcrocontroller, or state machine. A
processor may al so be inplenented as a conbi nati on of conputing devi ces,
e.g., a conbination of a DSP and a m croprocessor, a plurality of

m Ccroprocessors, one or nore mcroprocessors in conjunction with a DSP
core, or any other such configuration. [1154] The steps of a method or

al gorithm described in connection with the enbodinents disclosed herein
may be enbodied directly in hardware, in a



sof tware nodul e executed by a processor, or in a conbination of the two. A
software nodule may reside in RAM nenory, flash nenory, ROM nenory, EPROM
menory, EEPROM nenory, registers, hard disk, a renovable disk, a CD ROV
or any other form of storage mediumknown in the art. An exenplary storage
medi umis coupled to the processor sucH2that the processor can read
information from and wite information to, the storage nedium In the
alternative, the storage nmedium may be integral to the processor. The
processor and the WD 03/079577 PCT/ Usbai¥Po50 41 storage medium may reside
in an ASIC. The ASIC may reside in a user termnal. |In the alternative,

the processor and the storage nmedium nmay reside as discrete conponents in
a user tern AghethddldB5)irdibs cpmenin@adodgseni, poinprisiog: t he di scl osed

enbodi ments is provided to _enable any persgn ski llledl' n the art to nake or
use the pleEEBHING HyRIPFBIRN ofamestage 0%(5‘9?'05[ ?5°8F\L°‘PB"€E hese enbodi nents will
be readi | ’ aLRENGISORELE(SNR

pri nci pl eaéS'grﬂﬁg gﬁt hEeg)ealt ﬁgﬁlﬁfﬁm}ag%gldleg E{S'?lgrur(])qt?ttlk‘cl)ge1’romrg(rébodl ments w gt hou)t
depar t i ngisfrecaived biea speiver amt scope of the invention. Thus, the present

i nvention is_not intende S, .S erein,

but is tdepinglysaey’ of‘ﬁéec\ﬂvﬁggtttkgﬁeﬁﬁ'é’cr %?{Eleg‘ﬁ”ﬁmj "1 EE fe"%'?ﬁﬁ%rgl es and
novel fe\@ﬁéﬂéaﬁ%uﬁhg%le@ﬁ)@ﬂ)c&%rﬂh@dec[o@ﬂéai adbWTngl 1§ (REALHREY WBighd2  CLAIMS 1.
A net hod ofa w rel'ess conmuni cation system conprising determ ning a sl ot

| ocati on \@fﬁeran theswiagjess samanunisation i)ﬁ@@bﬁélw@ﬁhmﬁedcd%@ﬁgﬁ‘l Myltigleight to a
pIurallty tter as a f i 9 4(SNR) as
recei ved ngg@f Ver; ang thc'f "(5’8c°(5{’('j%§6na?r&aaﬁf§?rll%sgEsgnlr?g;o?egc\lg?'\?/ daRg%l %he receiver
f r om eachypdrén pleUgnak hsh)aldmﬂatécra’:tﬂsmrtgttefs wherein during the slot |ocation
the decoding is according to the assigned weights; wherein the wireless
conmuni cati on stemis gllwlﬂeband de Division Miultiple Access (W CDWVA)

system and t BBRnGh- I%Ir al, ch ar’? is a synchroni zati on channel, and
wherein the SNRis ca cu“fat't d acd‘ordl ng to: 1 al 2 -E

a = Complex fading coefficient

f = Non-Orthogonality factor

SF = Spread Factor

E., = Energy per chip of transport channel

Ecs, = Energy per chip of SCH

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

decoding transmissions received at the receiver from each of a plurality of transmitters,
wherein during the slot location the decoding is according to the assigned weights;

wherein the non-orthogonality lactor varies as a function of time.

2. The method as in claim I, further comprising:
adjusting the weights of the plurality of transmitters as a function of the non-orthogonality

factor.

3. The method as in claim 2, wherein adjusting the weights further comprises:
reducing a weight when the non-orthogonality lactor is different for a plurality of

transmitters for a same symbol.



SNR =lal2.Eh Q+ la SF a = Conplex fading coefficient /3 =

Non- Ort hogonal ity factor SF = Spread Factor E,, = Energy per chip of
transport channel E,,h = Energy per chip of SCH /o, = Thermal Noi se plus
O her Cell Interference power spectral density decoding transm ssions

received at the receiver fromeach ofad4plurality of transmitters, wherein
during the slot location the decoding is according to the assigned weights;
wherein the non-orthogonality factor varies as a function of time. 2. The
met hod as4i nTkd mpthed as melaimeh wherepr adashge thedyaights Agtheneoirisgsit s of the
plurality 1.t i i f e;-Ron- LEY: tor. 3.
The. met noetatie ERACEHCS (REpdh SRSLMARY Puch W REACIE RRPRT, pEHmERAE PL.
reduci ng sgmbelis gilvin searuntd@tenon- ort hogonal ity factor is different for a
plurality of transmtters for a same synbol. 43 4. The method as in claim
2, wherein adjusting the weights further conprises: reducing a weight when
t he non- okt h I Ol | E r : i different
synbol s f?'omﬂgérz@%ﬂr)gﬁssﬁ?ﬁ@rzfI\\%F Fé"l’igecﬁﬁp %g%qges@?tﬁlrc hglr !r:rélgl?r% er ei n

adj ust i ngetting aweiighhtszeramnvhbetheoonrthsgmalitydettoi agealswairgdeterimvoeder o when t he
non-orthogp%aléty factor exceeds a predetermned threshold. 6. An

appar at udMteshold-wi r el ess communi cati on system conprising: neans for
determining a slot |ocation of a message on a non-orthogonal channel neans
for assigning a weight to plurality of transmtters as a function of

Si gnal - t 06Nof8eppar8NRIN wawirelessaoyetinigation sxsteai. gemprisingg neans for decodi ng
transm ssjon, fecelyediat, H8.Logshyen.Lr.om, cach, ofithe pPlur ahi ty of
transmtters, wWiérein rl%g ne" 31 di"cPaeat Oh°TRE cocﬁﬁg is according to
the assi gneds foMabgiting Merght i Flfaliviof elessi e AF Y Mirk8bh ONSigHatieNdis a

W deband- Code Division Miultiple Access (WCDWVA) system and the

non- or t hE§VURARS CReIMFFEA ajreceavesianehr oni zat i on channel : and wherein the SNR

is cal CU|rﬁéaﬁgfcﬁgig&fdmgr}gangf?ﬁssion received at the receiver from each of the plurality of

transmitiers, wherein during the slot location the decoding is according to the assigned
weight;

wherein the wireless communication system is a Wideband-Code Division Multiple Access
(W-CDMA) system and the non-orthogonal channel is a synchronization channel; and
wherein the SNR is calculated according to:

laff E,

SNR : -
|a| 'Emh'ﬂ + Ioc

SF

a = Complex fading coefficient

fi = Non-Orthogonality factor

SF = Spread Factor

E., = Energy per chip of transport channel

Ecsn = Energy per chip of SCH

l,c = Thermal Noise plus Other Cell Interference power spectral density;

wherein the non-orthogonality factor varies as a function of tine.

7. A receiver in a wireless communication system, comprising:
recetve circuitry; and

a processor adapted to:



SNR = SF lallEcuh.a + a = Conplex fading coefficient /1 =

Non- Ort hogonal ity factor SF = Spread Factor E,, = Energy per chip of
transport channel Ecsh = Energy per chip of SCH 1. = Thermal Noi se plus
G her Cell Interference power spectral density; wherein the

non-orthogonality factor varies as a fudction of tine. 7. Areceiver in a
wi rel ess conmuni cation system conprising: receive circuitry; and a
processor adapé ed to: 4}4 determne a slot |location of a nessage on a

S

non- or t hogonal “¢HEMHA Ote{%%ai“@ﬁoéa HErRE on B nep-pribgsenpkspagiielt r ansmitters as a
function of S z&ﬁgh atRidiRisS IB?aII itPof tkar¥RltteRSas a%ﬁét?b‘ﬁ%f@ign@l [PREisY Rhtig decode
transm ssions recei ved at t e receiver fromeach of the plurality of

transm t t &NR) asiexepied adureceigert he sl ot | ocation the decoding is according to
t he assi gned

W debant Gode BEbABmARRR e abudhd Redie RRTaR S i Ml ' ®

non- or t hogaRAl i MRdin u&.@tﬁm@hro@moaaﬁé %o@lhgmkerd%qo wmgg.ghéu the _SNR
i s cal cul ated accordlngto | al' E z lal Eo.e-P + I. =

Conmpl ex f‘étellngh&g coefficient /1 = Non- Orthogonal i ty factor SF = Spr ead
E?Ctsgq (o wl_erguln%egxrlrﬁlgﬁocl%gnlelgu éatltor ans?é)ng) fvhc%ﬁ? eeﬁr%%s Oﬁlﬂ?prsl%ég elgs(g | chip

density; @mdCDMRAYERtEmM Tahkﬁth@@ﬂn@hhhglgl@rk&‘ahlﬁey |§°a’:\§)ﬁ161ﬁroﬂﬁﬁtl|(ﬁﬁclﬁﬁn31 dmanction of
t1me.
wherein the SNR is calculated according to:

|a|2 'Ecl
|a‘2 'Ecy:h lB u Ioc

SNR

« = Complex fading coefficient

f# = Non-Orthogonality factor

SF = Spread Faclor

E., = Energy per chip of transport channel

£.n = Energy per chip of SCH

foc = Thermal Noise plus Other Cell Interference power spectral density; and

wherein the non-orthogonality factor varies as a function of time.



