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[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 multiplexed together and
transmitted on a single physical channel. In parallel, various other channels, such
as the sync channel, etc., are transmitted over a common air link. The channels
may introduce interference to each other in a given situation. For example, as the
sync channel is not constrained to be orthogonal to other physical channels, 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.



[1008] FIG 4 is a structure of a Synchronization Channel (SCH) in a

W reless conmunication systemenploying WCDVA. [1009] FIG 5 is a table
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codi ngs due to SCH interference. [1010] FIGs. 6 and 7 illustrate
interleaving in a WCDVA system [1011]] FIG 8A and FIG 8B are formats for
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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



a W reless comunication system a nobile IP network and any ot her system
desiring efficient use and managenent of resources. [1021] The exenpl ary
enbodi nemvoasplwys a spread-spectrum wi rel ess communi cat iPQT/ IS0 PE3

enpl oyi ng W deband- Code Division-Miltiple Access (W CDVA). Wrel ess
comuni cati on systens are w dely depl oged to provide various types of
communi cation such as voice, data, and?so on. These systens may be based
on Code Division-Miltiple Access (CDMA), Tine Division Miltiple Access
(TDMVR) , earisusreaspielcts witithut atemarting ctiomq dies . soopeDIdA  thes tpeesent ovivdetiorter t ai n
advant ages oyer other types of stens, includi I ncyeased system
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PCT/ USOB/P%Zt%g?’shig' 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 IS-2000 MC. The standards cited
hereinabove are hereby expressly incorporated herein by reference.

[1023] Each standard specifically defines the processing of data for
transmission from base station to mobile, and vice versa. As an exemplary
embodiment the following discussion considers a spread-spectrum communication
system consistent with the cdma2000 standard of protocols. Alternate
embodiments may incorporate another standard.

[1024] A W-CDMA system is described in the set of specification documents
defined by 3GPP having address given as ETSI Mobile Competence Centre, 650,
Route des Lucioles, 06921 Sophia-Antipolis Cedex, France.

[1025] FIG. 1 serves as an example of a communications system 100 that
supports a number of users and is capable of implementing at least some aspects
of the embodiments discussed herein. Any of a variety of algorithms and methods



may be used to schedule transm ssions in system 100. System 100 provides
comuni cation for a nunber of cells 102A-102G each of which is serviced by
a correswordiomgpobase station 104A-104G respectively. | npcirassexeryps ary
enbodi nent, some of the base stations 104 have nultiple receive antennas
and others have only one receive antenna. Simlarly, some of the base
stations 104 have nultiple transmt arftennas, and others have single
transmt antennas. There are no restrictions on the conbinations of
transm t may denasedtd scheeulee transnéssicrs. inl Bpstefror@p. aSlyatemsItO@t pavidéx may

have multiple transmt ante nas an sSin rece| tenna, . or have
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i nterf er eifgicopdravRy & (cdnb@rrlé‘@l;ﬂal‘ QEQ@éHtldﬁW 4 M(dtipde 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 station is referred to as a
Node-B, and the mobile station is referred to as the User Equipment (UE).
Alternate embodiments may employ alternate communication systems wherein
various channels may present interference to other channels in the system. In the
W-CDMA system specifically, channels are coded and transmitted over a same air
interface, wherein at least one of the channels is non-orthogonal to the other
channels. In a spread spectrum system, the orthogonality of the channels avoids
inter-channel interference. Therefore, the presentation of a non-orthogonal

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



5 present invention is applicable to other systens, wherein one or nore
channels present interference to other channels. [1028] Returning to FIG
1, the dommolosokospefers to transm ssion fromthe base st aticarusifldrosd t he
termnal 106, and the uplink refers to transmssion fromthe termnal 106
to the base station 104. In the exenplary enbodi nent, some of termnals
106 have multiple receive antennas and3others have onI y one receive
antenna. In FIG 1, base station 104A transmts data to term nals 106A and
106J  on préserddmweritiok, isbasgicable toothd4ystenasiswheiniane oonoze dhaahels106B

and 106J, base station 104C transnits data to term nal 106C, and so on.
[ 1029] Fireesentiinteiferangede othefFliANNgIS: dedi cat ed physi cal channel , the
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the Spreadi ng Factor (SF) of the physical “channel, wherein
The spr ealédingtéchtrepspadychanne! (BEGY isr bangDittedd iwtimeomuiltiplex wnth control

information, such as known pilot bits, Transmit Power Control (TPC) commands,
and an optional Transport Format Combination Indicator (TFCI). The downlink
DPCH therefore may be seen as a time multiplex of a downlink Dedicated Physical
Data Channel (DPDCH) and a downlink Dedicated Physical Control Channel
(DPCCH).

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

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

down to 4.



WO 03/ 079601 PCT/ US03/ 07953 6 [1032] Also transmtted within the W CDVA
systemis a synchroni zati on sequence on a Synchroni zati on Channel (SCH).
Not e t hatwole®snchr oni zati on sequence may be referred t®caasas/n79s3
synchroni zati on nmessage. As detailed in 3GPP TS 25.211, Section 5.3.3.5,
the SCH is specified as non-orthogonal to the other channels and to DPCH
specifically. The SCHis a downlink si§nal used by the UE for cell search.
The SCH consists of two sub channels, the Primary and Secondary SCH. The
10 nms radi@82) ankisootranbmitied nmithin athe S¥eODNBX ysySGHNaise a diyncdrhization 15

| ot h of | gt 0 chi Fl G trat t t f th
SCH 1 adi GOAHERGE OPRa © nc%aq@z@&m Chronel SGH'S MateThat dfe Svathihidarin, n "
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and represents the nunber of the scranbling code group; and wherein k = 0,
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aspect s ngnﬁné/&ighﬁe B4ch S(Bt Vquisze%amé@&eémcérﬁﬁ thedgstem.t he

probl ens scusse erel na Specifically, the follow ng” discussion
covers t Ijt033]t er Bloe | Bacofdarye SSBH eonbistse of DRCFepdatedr treasmhsgmhdofc Hannel

ma ng, reference confi tiog wer, contr ol
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simlar igynenrsHiaidel Cbﬂé@r(SSO?”WﬁldWrer faRsitldaom paragsl whanne!Frimayt t he
SCH i s described as an exenpl ar, DPCH and SCH Interaction [1035] Wth
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secondar
represents the slot number. Each SSC is chosen from a set of 16 different codes

of length 256. This sequence on the Secondary SCH indicates to which of the
code groups the cell's downlink scrambling code belongs. Note that the
synchronization message is transmitted at a predetermined position within each
slot. In this way, the synchronization message has a known occurrence.

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

SCH is described as an exemplar.

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

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



SCH (SSCH). The two sequences are transmtted in parallel during each slot
on WD 03/079601 PCT/ US03/07953 7 the downlink transm ssion. The SCH is
transm t two osiotdson 10% duty cycle within each slot. The 8CHuUSs3/prssarily
used by the termnal, or UE, to acquire the system timng and help
identify the cell which the UE may acquire. In other wrds, the SCH
reduces the nunber of hypot heses made By the UE during cell identification.
[ 1036] Al though the primary and secondary synchroni zati on codes (PSC, SSC)
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(around 50% of the conbinations yield orthogonal SCH relative to the DPCH)
i s typi cAaticHagdymbglgher than the worst case SNR. [1038] The SNR bound may

becone t T t [ [ [ i ] L | onetry
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are not Smreadisgrfagon{Shbgdingl rightncaliing ingicatesthex werghcass SNR yusols t i on,
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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. In contrast, for a low
geometry position, the UE sees a lot of non-orthogonal interference as far from the

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



non-ort hogonal channel, such as the SCH, is pronounced. In contrast, for a
| ow geonetry position, the UE sees a | ot of non-orthogonal interference as
far fromwbesoiMesde- B. The SCH channel is not as pronounce@catushmuwrogeonet ry
as the power of WD 03/079601 PCT/ US03/07953 8 the SCH is added to the
other interference making little difference. Coupled with the
consideration that the SCHis transmtfed at a same power |evel constantly,
but the dedicated channel is transmtted according to the position of the
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rel ativechRpsi tTRE data ﬁﬁ?@rrﬁhﬁ@n is tlme 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 TTl. The 1% interleaving procedure essentially
ensures that the TTI 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 TTI 302. The
frames are identified as frames 304A, 304B, 304C, and 304D. Each frame is then
divided into four portions. The frame division is consistent with the number of



Wi thin each radio frame conpared to their relative position in the
transport block as can be seen by the position of the gray areas in FIG
6. As il lwetsateds a TTl of 40 nsec includes four franespofl/Us03/®ex each.
The TTI is identified as TTlI 302. The franmes are identified as frames
304A, 304B, 304C, and 304D. Each frane is then divided into four portions.
The frame division is consistent with he number of WD 03/079601

PCT/ US03/ 07953 9 frames per TTI. The portions of the franes are then
interl ea\f'namesogent met. befm:rtimns bétheattamesrareghen rintenedosd tagethehtodisdm

portionlden fies th 0GEess f .a, TTl r .304A. The i.nterl |ng
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the framgpgs BpAAS T0d WBrIéWvﬁ?"p%ﬁéduT@%d@rlﬁ%lv% viriig thet TI gaved mar tions
is predeterm ned and predict [1043] The interl eaV| ng procedure 350 of

the 2nd ibytrom, endethensreiadingsthedrameipertps colmminpby celusant The ssdert okthennel s.

The inter wherei n the nunber of

col ums |'ﬁ8ﬁ%%§f%§%&f’ﬁ§n d%ée?fﬁuﬁ%igﬂgfp@éa@eper frame. Fromthe radio
frame 35p10431ch Th@imerléa\ﬁh?/pdﬁédlufé G506 0f ey RMdnterieavéoisigstramed ik FIG54.
The portlons are then interleaved to formthe final |nterleaved stream 356.
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interval of a given transport channel in a given slot, the interference
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[1044] The order in which the transport channels are mapped on the physical
channel affect the absolute position of each transport channel but not the
periodicity of appearance of data from each transport channel which is always
3000 Hz. Further, the 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



fixed position ensures that irrespective of the TFC the transport channel

I nformation wll always appear in the sane position within a slot.
Consequernwby3/o7dshie mappi ng position does not all eviate thecparsboaioss SCH
interference i ssue. REFERENCE CONFI GURATI ON FOR DCCH [ 1046] In sinul ation
results, a given transport channel nmay be affected by the SCH interference
as a functlon of the position of that thannel within the transport WO

03/ 079601 PCT/ US03/07953 10 channel multiplexing structure. Up to half of
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described In 8, the Dedicated Control Channel DCCH) appears
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wherem 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%
DL64 + 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;
and the third row refers to packet data communication. The relative DCCH



DL 64 + 3.4 (kbps) - 5.0% DL 384 + 3.4 (kbps) - 0.9% The reference
configurations include a first transmssion rate for the data foll owed by
a second woansrdéssi on rate for the DCCH For exanple, in trheusnsess ow t he
Down Link (DL) defines the DCH data rate of 12.2 kbps with a DCCH rate of
3.4 kbps. The first rowrefers to voice conmunication; the second row
refers to video; and the third row relkrs to packet data conmunication.
The rel ative DCCH WO 03/ 079601 PCT/US03/07953 11 payl oad occupancy is
cal cul at @adykad deeupatty isacalcdliatddias they DG{eH qatebdinisiedr tayt te cmﬁbiﬂada’atﬂws

X I r the voice co i cation define n,the  first row,
the occufLiel PRRCRC e A fniidanie, s sy Bobeiation stites fg
DCCH r at @}st%wOthe &%ipandy atelid détermindd ab:1049] The rel ative DCCH payl oad
occupancy is driven by the nost denmandin TFC in the TFCS and not by the

i nst ant aneous TFQccwRRNY @ REIEH ratef(datrerad@4-RBCLH wigk¥even if the

I nstant aneous DTCH rate is 0 kbps the DCCH payl oad would still be 0.9% of
total pa l'oad, wherein the rest are not transmitted, i.e., Discontinuous
Transm ssi on I\/bdgzo%r— BEX122Q0%)4) The transm ssion of t he SCH nessage on a
non- ort hogonal channel @1 ntroduces interference to other channels such as
t he DPCHITE4R] DPERe eelptivye DCA Payiosd Qﬁ%’PﬁBPY isndrivarney 8ie mestidemandigr e,
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probl ens may res bel ow, a particular 'em i
intr oducedsa/rwantlhmeSGBtalnIHrErdwr@ECN talte ishe kbpsdhe rBG@Hqsaytlxjad Weuléll $I(I}T

bits. [1051 Telnter hanne int nceo ursdetot e data
control n‘%g 7arRf 1Rl P %(#rgw%’?lr@'”s @p'iiﬂf%dﬁ Wsﬁ‘étltj?%é es'yﬁ@cf’m“wr i on.
The probhegns ,olp\e,\ngggra,rfgapfx any non- orthogonal channel transmitted within

the system The problemresults in |oss of data and control information,
the i ncon[mﬁﬂ] po'i/'\be teansmission odf thiee SEH treessagedonra triem-oiregsnad ¢haseelbf

Dt AR AR bl hans: SR BRSPS B chiy

excl usi veatd @indesantedicinforRiiohh andniriréRrenepeal frec BEHIadtarferes with the
control information, any of a variety of problems may result. As described
hereinbelow, a particular problem is introduced when the SCH interferes with the
transmission of the PILOT bits.
[1051] The inter-channel interference occurs due to the data (or control
information) having the same periodicity as the sync information. The problem
may be seen for any non-orthogonal channel transmitted within the system. The
problem results in loss of data and control information, the incorrect power control
of the system, and/or the increased use of power for transmissions within the
system. Each of these issues is addressed hereinbelow. Note that many of these
problems are mutually exclusive. For example, when the interference affects data
there most likely will not be an effect on control as the control is transmitted at a
different time.
[1052] The problem is not limited to the SCH, but may result in any non-
orthogonal channel. The various solutions described hereinbelow assume that the
interfering channel is a deterministic component of interference, and has a known
transmission period. In the exemplary embodiment, the SCH transmission period
is a multiple of slot periodicity. Further, in the exemplary embodiment, the
interfering channel is transmitted once per frame or once per slot, and the



there nost likely will not be an effect on control as the control is
transmtted at a different tinme. [1052] The problemis not limted to the
SCH, but wewsmesult in any non- orthogonal channel. The vacirasss/embati ons
descri bed herei nbel ow assune that the interfering channel is a

determ ni stic conponent of interference, and has a known transm ssion
period. In the exenplary enbodi nent, thje SCH transm ssion period is a
multiple of slot periodicity. Further, in the exenplary enbodi nent, the

i nt er f er iprepearicanoiethel intarfaaimgnéharew! és dderpifiabler byrdhe recaiver. pr effect, anynd t he
WO 03/ 079801 P h/ USOS/.O796/3 1F gr %\Eenche of Ithe Interfering channel is

i dent i fi BPENg\NeLSIgpicaRtyQveriaps gthalsnanidls. channel that significant!ly

over | aps l[mmr ChRe08lisus $d108cls drtedestiibal hevihbeloAnsndriiirs Bt Brd
her ei nbel'ow and i nclude, but are not limted to, the follow ng concepts:

1. Qut er neblipited tgehe Rllowing gomeetsst Link; 2. Data scrambling (inprove the

codi ng robust . e 1 f Mhich lead to SCH alignnment with
DCCH bi ts; %4@@\%#%%? }rg}é%(t,%lar%gﬁ%e\&f\?g?ggé"x\%omr wei ghti ng of synbols

i mpact ed by2 S@dta s6ranWhirigs(irapravehewoaiigc@bustness); and 7. Power boosti ng.

[ 1054] For the particular issues discussed hereinabove, 1) and 2) will go a

long way i Aveisirageraiisets whichderd tarChtaligrieentaMith DG bisHesi red error
rate by the d 2) do not address the source of the
pr obl em V\hi%hwl%sn ﬁ@%@l‘—?ﬁ%\%ﬁ erence. Quter Loop Power Control wth
Hi ghest Quab.i Lypwet weightingeof[sl/alids]ls Fheacted ibyeB@Hronsequence associated with

the SCH interf nce is th | oss.of the radio link, i.e., call is dropped.
This is par§-i éﬁ'ﬁﬁ%%%ﬁ@ﬂ‘fﬁ%n@ﬁ%’% rk is configured in such a way as

not to takezi mgyeA%Rdfitg.t he DCCH error rate when setting the DL DPCH
power. Under such configuration, the network will not adjust the power
al | ocat i §H05den Forethegaricwanissees dischgsesiheiamnanaver dhaad ) avill geEelongnces a

the hi gndiv idis SR BRETE WPeH Fat e eplvat it ek BRGked Blebls v e he
UE. However, 1) and 2) do not address the source of the problem which is the

SCH interference.

Outer Loop Power Control with Highest Quality of Service

[1055] The ultimate consequence associated with the SCH interference is the
loss of the radio link, i.e., call is dropped. This is particularly likely if the network is
configured in such a way as not to take into account the DCCH error rate when
setting the DL DPCH power. Under such configuration, the network will not adjust
the power allocation when the DCCH is affected by SCH interference and
experiences a high error rate. Consequently the high error rate condition will
subsist, the higher layer protocols will not be able to exchange messages with the
required reliability and the radio link will eventually be dropped.

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



required reliability and the radio link will eventually be dropped. [1056]
One enbodi nent seeks to resolve the problens associated with inter- channel
i nt er f er ewoasloysbasi ng the outer | oop power control nechamrcIrusonotobe
quality of the DCCH Note that each of the transport channels has a uni que
Quality O Service (QOS) criteria. In this exanple, the QOS is defined by
the BLER This nmakes possible deterni haition of the strictest QOS of all
the transport channels and verifies that each channel satisfies the
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power comhaoheps®@sdarachieventhgir tasperctive selestaskettianspoitagharniel HI@KERIemar get
for the DCtCH; the Radio Network Controller (RNC) may set a DCCH BLock
Error Ratrge(BLER) target for the particular transport channel in the UE

t hr ough 59] Repoorde té-peducel thefidssibilRy gt ltha gadis liARSS dréissed dusdfdPel S
25.331. According to the 3GPP specification, the UE power control .
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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 O bit block shall be defined for DCCH).
[1060] Note that while the use of the DCCH, or other transport channel
impacted by the interfering channel, in the power control decision making process

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



DCCH. Assum ng the network has sufficient power to follow the power control
commands received fromthe UE, use of the DCCH by the outer |oop power
control wblosavwod the effects of the inter-channel interfperarso®omescri bed
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 arbB met as specified in 3GPP TS 5. 215.
For the particular case of DCCH, a Cyclical Redundancy Check (CRC) is
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interfering channel, in the power control decision making process

overcones the results of the interference, such solutions nay waste
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interfere wwth the transport channel s which may be sensitive to the SCH
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to change the transport channel ma %order onto the si cal channel .
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the RNC for each downlink.

[1063] An alternate embodiment which may be used if the RNC has some
constraints on the selection of the frame offset (for example due to the desire to
distribute the DPCCH transmission in time) is to change the transport channel
mapping order onto the physical channel. This again is controlled by the RRC in
the RNC.

[1064] Each of these embodiments seeks to move the position of the transport
channels so as to coordinate the occurrence of the interfering channel with a
channel predicted to be the least sensitive to the interfering channel. Note that the
Node-B sets up the dedicated channel(s), and therefore controls the timing of the
dedicated channel(s), i.e., time offsets. Note this may require coordination of
multiple Node-Bs when in soft handoff. The Node-B moves the offset for the
dedicated channel based on the timing of the interfering channel, which in this
case is the sync message channel, SCH.

[1065] Transport channels that are less sensitive to the interfering channel are
typically those that cover a larger portion of the frame. As the SCH only uses 10%
of the frame, a transport channel using less than or equal to 10% of the frame may
completely overlap with the SCH transmission. In this case, the entire transport



[ 1064] Each of these enbodi nents seeks to nove the position of the
transport channels so as to coordinate the occurrence of the interfering
channel wwoh3za79¢shannel predicted to be the | east sensiti PeTius0t/ms3
interfering channel. Note that the Node-B sets up the dedicated

channel (s), and therefore controls the timng of the dedicated channel(s),
i.e., time offsets. Note this may requi¥e coordination of nultiple Node-Bs
when in soft handoff. The Node-B noves the offset for the dedicated
channel khaedeloni.the itformatiprof trahsmittecer ber itmey drenspelt, ohEnolel,i wilhibe case
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transport channel using less than or equal to 10%of the frame may
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[1066] It is further possible to change the order of the transport channels
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each fra ' order of transm ssion of the other transport
channel srggzsgpgﬁgé]gtgﬁ%eéeﬁf ames will ensure that the other transport
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Illustrates various solutions for reducing inter-channel interference as
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mul tiple™o nunber of slots per I'nterference chanismis
i denti fi ed nadtiplaeofSele nlihbelri ofs slotx gogpl feamk | uTheaindasrfereobangechanismeisf r ame

of fset, . wherein duri he, SCH occurrence, the transport channel
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channels (TrCHs) are mapped differently to reduce the inpact of the SCH.

I n a thi sendeauibisetransroitiedpplmthis wahdhe (SGildasr lessmpast onithedansport a per

sl ot basidanh8'sPei 3% &eond &k

elmewSYee,rthe 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



[ 1068] As described hereinabove, the SCH interference appears to
consistently affect the sane transport channel for a given downlink
confi gur awpaB/796hi s is mainly due to the interleaver str wectuse3nhssh
results in a conpletely periodic transm ssion of the transport channels
with a periodicity equal to the SCH periodicity. [1069] For exanple, in the
syst em descri bed herei nabove, the trandii ssions are defined as 15 slots
per franme. See FIG 2 and discussion thereof. The second interleaver
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renoves or reduces the consisten periodicity would significantly reduce
the ef f e@ssomeshediiplei trapspet eshignnels d@repmapgped anta rainegemenc pAYysieal. The
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typically the case). Sone exanple of interleavers which would reduce the
i ntra-frane® p&it Gypesadyintarleaner-sSCH i nterference include: Bit reversed

i nterl eaver, | gck., i.nterl e i a multiple of

15. Any nbn @%‘f %‘&?VE%\?’R{g&ﬁéﬁ%’ﬁﬁé%%mﬁ%ﬁg%ﬁ@@% #ﬂtg’nsm ssions [1071]
Prior to degoddyohori peribdie mteacavtTbol s are typically scaled and conbined
with other nulti-path conponents. The scaling factor is usually a function

of the common pilot (CPICH) signal-to-noise ratio. Since the SCH increases
t he noi sgyl rmnd st his information can be utilized by the
UE to wei h Weld Fraing ons er input synbols differently. [1072]

Consi der [410B1]SCHPrbE ab decbdidgs the PRCeiveat syenissis samv aypiclll6&Galedand

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:

SNR = o] B, .SF
e Ep B + I,
wherein « = Complex fading coefficient
B = Non -orthogonality factor
SF = Spread factor
E, = Energy per chip of transport channel
E. ., = Energy per chip of SCH

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

oc



slot and a SSC that repeats every 10 ns radio frame. Unlike other downlink
channel s, the PSC and SSC are not scranbled with the downlink scranbling
code. [1Wo3Bnidser efore, at the UE, after de-spreadi ng thecrnsosmngs si gnal
with the conplex conjugate of the downlink scranbling code and de-covering
the synbol wth the OVSF code, the SNR for each synbol at the decoder
input is given as: SNR=1 a(2'E, SF & 12 "Emn ' fi + lon wherein a =
Compl ex fading coefficient ,8 = Non - orthogonality factor SF = Spread
fact or EThe rioreodhogaralinhfaotarfvarieaaspofunctibamhbbth iGE8@nd theEner gy per chip

of SCH 1" = Ther mal I S us, Gt her Cell Interference power spectral
density WO@?'@?@QOP%&H@S&%W@Q&W%@ The non-orthogonality factor varies
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downl i nk. Once the UE has acquired’the systémtimng, i.e., "knows"
the SCH vahieuandpdsiioni initone,i ire.t time, o¢cusrence; e dc isr aklecte, deteemioe the abl e
to determne th wei ghts of the varipus.,transmtters, t hat, know edge
of the SHTGHPY BRVABuSnera et MRS (ERTaEREE T A8 SCH Vs Rt o
R as a fyifd bPBclirrénd®irhPles %?&Me@?@rﬁ?% A Bf POSE a MIRCROSRE Gk Gar | Y,
that as the value of (3 increases, The SNR for that synbol degrades
further. epthehpnhblizalieooctete. | Npte specificdily, trag asythecadlls of Gaherbasgst the

comon pi | strength prior to, being combined with the synbols from ot her
mul ti - paﬁﬁ‘?ﬁ&ﬁb%@%ﬂgd qﬁgéaw H‘E&‘etr-he_n interpret the common pilot strength
from eaCE10‘f5]”geThé‘%&oHéF“?n réVn'ﬂQolg‘BdrBhﬁyPH&ﬁil gc@l&paym@ ESmbith pysol s.

Since the UE"al so knows the val'ue of 1li, "‘there are nmultiple ways of
m tigati strength giriagcto obeinge comthimed owish the esyirelp@lac &rofir cpth8CHMUltbpath

e €, byt ECHE R Aol e BB B BFREF MRt o e
symbol f figgeehs fetimaty hgiwe_i?ﬁtt that @ appIRsY B fHeosyrbbiberSinte N@élst{asalsob. The
value of PI's different Tor different synbols fromthe sane nul ti
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 3. 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 § 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



pat h conponent of sane Node-B. In a sinpler inplenentation, the weight
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erasure when the value of (3 is greater than a predeterm ned value. [1076]
In a soft handoff (SHO node, the synbols may be affected by the SCH from
one Node-B (say Node-B-1), and not affé&&ted by the SCH from another Node-B
(say Node-B-2). In such scenarios, prior to combining the synbols from
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propagation paths are also referr o0 as _channel taps or delay taps. In
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the UE r
receiver, estimates of the delays (or channel taps) and channel coefficients for all

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



use for coherent denodul ation - or any other equivalent information that
sufficiently characterizes the radi o channels such as their conpl ex
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denodul ation. In general, UE receivers in CDVA systens use a RAKE receiver
to performthe coherent denodul ation of the signals received over the

rel evant propagation paths. The RAKE t%ceiver uses the phase, anplitude
and del ay estinmates of each relevant propagation path in order to tine

al i gn, apqurationi Gitteé \SGH asessagef anchoancellmgghe inteefesergeatiosothec DL \avanoeks

different pro ati at hs before conbinin t.hemt ne.signal . Besides

Lhi's con&RHAES BUTBRSIGH MAssrgRAL DR, NaSeAalels furies jich B §CHEMPssage s

UE- speci fi readi ng of the CDMA signals. Al so other receiver
tehsAfnS®

architectures such as equalizers are suitable to perform coherent
denodul af1@78])i n InCBfGenyeratios . CDVA7SIstoDs spagiicallyi there ds dlee Ipgtendial ifer one

PC bits (PRSTITLoU SolbrORRYH ) SR o ta HR e AR e Brgol SRNRE
sol ved atcopdporidhtPMrdrdemited Virom the SMh3NrATSARbr PAE WEBRCO 185hcrddsed

| ocation of the SCH message and canceling the interference to other DL
channel s intedaeangebfor Ryample, wighigansitiingthenbve-subiplexgd iSymghignieatiahe ScH

nessage i r Lt : r ' :

speci 1 cAmammel RECkh i et Yotbniifp dosr R eBolly SRR oodes i

si gnal cangavanilinkvéfeUaiversdl dobite Jeidcontmapizations SysteranT érrexiridlr Badiche
sane transmtter are subject to jncreased |]__ berference. For .ex | e, when
transmi t A5§§5¢ HETHAYERAUENsY &'é@'%yﬁ)é‘lﬁ’f%( 2[3 ) SysteiRnmsiuy it@ﬁ%gg‘?”%en
transmtty < | ' iR

Uni ver safﬂe&g%%ﬁl&e@eTHeI Sﬁ%‘mgﬁ Fﬁ’ﬁ?géﬁg‘rﬁ@eﬁ?g&%}‘ Fgﬁd Eggl o} A%l:gég‘g{ UTRA)

Fr equencyeBain scanditiang, e thdseDD)orspghegenalmsigrsl  icompohentsncauskbetoeeal t he

di ff t si | t | ts. ,As di d h ' , d
Cer ta n CRRHPLTSRG 10F WSS oROD! P SRl Y SR BIER  dbrivRLi, JO0L,I0E RS o

i nterferenpegniifer!THe iPHpac? df Istich daterfeldies Mdyt 86! the dB%I‘a’da‘ti@h di oty same
transmtter. The inpact of such interference may be the degradation of

decodi ng peffermaneario ehenreceiver e c8Lol rmagish theyyeselt evenriastavorable radip

]E ?Yg_r ?b!si%ﬁraagii-oﬁat ﬁéj.a.d ivtvri\é)r? Sn(g eh%ﬁi-&@tﬂn rgge;m%)lnt iié PR r]ef{e%i:eﬂ?}e!,Oginig%-.bgthef fect
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 interfference may be reduced by canceling the
interference component, i.e., non-orthogonal component. One embodiment of an
apparatus 400 for suppressing the SCH is illustrated in FIG. 9. The apparatus 400
includes a receiver front end 402 that includes an analog to digital converter,
wherein a received signal is first processed by the UE in the receiver front end
402. The unit 402 is coupled to a searcher 404, a channel estimator 406, and an
estimator 408 for interference component caused by non-orthogonal transmission
signal. The searcher 404 uses a-priori knowledge of transmit signal components
such as the Common Pilot Channel (CPICH) in order to provide information on
significant delay taps to the channel estimator 406. This can be achieved for

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



reception), and when only little or no fading occurs). In particular, when
the user or control data to be decoded in the receiver are transmtted
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t ransm t pewersFurthermore, 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 interference component is cancelled. The modified received
signal is then used for decoding the transmitted user and/or control data like the
unmodified received signal in a conventional receiver. Due to the reduction of
interference in the received signal, the decoding performance for the user and/or
control data can be improved. In particular, in cases where the user and/or control
data contained in a transport block are transmitted in parallel with the non-
orthogonal signal component, this decoding improvement may be desirable.
Various embodiments may be implemented to mitigate the effect of the
interference component.

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

receiver. A second embodiment subtracts an appropriate digital representation of



sufficiently high. For the SCH in a UTRA FDD system this condition is
generally net, wherein -12 dBis a typical power |level in conparison to

t he t ot alwbroanswdt power. Furthernore, when the data tramsmusogd9ss th the
interference conponent is known at the receiver, such know edge may be
exploited to inprove the quality of the estimat ed I nterference conponent
at the receiver. [1082] After the inteRference conponent is estimated, the
total received signal is nodified such that the inpact of the i nterference
conponentthé sesnmh.ie@dntelrieremce icdergdonent laatthemutpu's of reaehf BAKEC éingenporent i s
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cancel | eq1084] heagutiRidlsSéd t hereMaBovenuehdrer trahdifitiid the time-multiplexed
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 channel coefficients will result in a degraded
demodulation and decoding performance of the receiver.
[1085] In order to follow the variations of channel coefficients over time, a
receiver employing coherent demodulation updates phase and/or amplitude
estimates of channel coefficients continuously. Since the time variations of

channel coefficients are limited by the maximum Doppler shift, state of the art



resolution of the estimated interference conmponent is in general rather

low, i.e. the accuracy of the estimated interference conponent does not
need to bwowsmysshi gh. However, the sanpling rate at the @atrusos/ofoss he A/ D
converter is in general nmuch |larger than the sanpling rate at the input of
the RAKE fingers. [1084] As discussed herei nabove, when transmtting the

ti me-nmultiplexed Synchronization Chandél (SCH) in the downlink of UTRA FDD
systens, mutual interference between the different transmtted signal
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esti mat e%i?ﬁau cdumnpehertoeirf icohearitonad stateuoi tHey artSrevedversietis oty eitérdrig ons
of channel coefficients are |imted by the maxi num Doppl er shift state of
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hi gher the anti ci pated, maxi mum Doppl er shift, the shorter the sel ected
"aver agi rfPiMates 989%"9‘ Y&Vt he case of time-nultiplexed transm ssion of
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account dhfeh@il€nThisemay echc@miplishbt By Mtldubihgolveighting 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:



channel coefficient estimtes and uses all generated channel coefficient
estimates in the sane way, i.e., assumng that the estimtion quality of
consecut iwe o3@sdsdmat es does not vary. [1086] If the tinme ipatrarseab®szuri ng
whi ch non-orthogonal signal conponents are transmtted are known a priori,
this information may be taken into account to reduce the relevance of
channel coefficient estimtes generatedduring such time intervals. This
may be acconplished by introducing weighting factors for channel

coe}c fici enteeSkigrahamdl beféffiaLe&ht 'eﬁﬁmtefg thadbrd subsjaeti to inerepeed interfersnicaat i on
quality, e.g. . in terns of t channel estimatign. Signal-to-Noise and
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such that the téff@%ﬁ&?estﬁHQ{f?Ct to interference from non-orthogonal
transmt signals are not used at all (weight factor of zero). As channel
coef fi ci ent e eRapimteeshaninal eotffitiens estimatesrtbatae subjeentd énaeasedire | ess
significant in the pilot fil geri n rocess, the reﬂjlti n% char]n I

esti mati on qudMergrence due ortagpre _nqgzerthegongl frapsiy sigha ﬁgyitge not
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non-ort hogonal transmt "signals may be used to skip channel coefficient
esti mat es t hatSkigckayeieveffieibnt estimaéesethiat aee sultjecivaliscranded mtederenicder

ti mat i nstead. [1087] As i hed i h ' th
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due to the presence of non-orthogonal transmt si gnal S b% the average of
t he previous daciot that iua monoteneumiscreasdid funiction oethe ShltR$or theki p channel

coefficient est*.ma es that are subject to increased interference due to

t he presence FEUNGE or t hogonal transmt signals and replace themby the

average qi08#1 PR6W Bt theerhbedifferits dnaninghlemeatdtionseiite@ bovet &e n¥éi ght
each channel coefficient estimate at the input of the pilot filter with a

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.

[1089] FIG. 10 illustrates an apparatus 500 including a receiver front end 502
which includes an analog to digital converter coupled to a searcher 504, a channel
coefficient estimator 506, and a demodulator and decode unit 512. The searcher
element 504 uses a-priori knowledge of transmit signal components such as the
Common Pilot Channel (CPICH) in order to provide information on significant
delay taps to a channel coefficient estimator 506. This can be achieved for
instance by using a sliding correlation with a-priori known symbols of the CPICH.
The channel coefficient estimator 506 provides a sequence of channel coefficient
estimates for one the significant channel taps to a pilot filter 510. A weight factor
generator 508 provides a sequence of weighting factors that are specific for each
channel coefficient estimate to the pilot filter 510. The weight should represent the
quality of each channel coefficient estimate. Estimates for the CPICH pilot symbol



factor that is proportional to the SNIR for that estimate. Wi ght each
channel coefficient estimate at the input of the pilot filter with a

factor thwbDosm7@ononot onous increasing function of the SNPRTfus03/018683
estimate. [1088] Note that the enbodi ments and inplenentations |isted above
are not intended to be a conplete list, but rather illustrate the variety
of methods available to resolve the i#pact of interference. Specifically,

t he exanpl es provide nethods for exploiting a priori know edge of
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delay taps to a channel coefficient estimator 506. This can be achieved for
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channel coefficient estimates that are filtered in the pilot filter as described

hereinabove. Now a second iteration of interference cancellation could be
performed. The output of the pilot filter could be used to derive a new and
enhanced estimate of the interference component in the interference estimator.
The new and enhanced estimate of the interference component could be
subtracted from the original digital representation of the received signal. A second
iteration of improved channel estimation could be started. And so on... until further
iterations do not increase the pilot weight factors any more. Then the latest
channel coefficient estimates and the latest interference cancelled received signal

are used for coherent demodulation.

Power Boosting at the Transmitter
[1091] In 3GPP FDD downlink, the SCH (Synchronization Channel) is
transmitted in a non-orthogonal way. As seen by a UE, this implies that other

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

every 10 ms radio frame, thus degrading the received SNR at the terminal. The



can al so be conbi ned and/or they could be done iteratively. For exanple: In
a first step, the estimated interference conponent is subtracted froma
digital wepmseswsntati on of the received signal as describedtheogimabove.
Then in a second step, the estimation of the channel coefficients could be
performed again, but this tine based on the signal after the subtraction
of the estimated interference conpone®. Due to the subtraction of the
estimated interference conponent, the quality of sonme channel estinates
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non- or t hogonal  way. seen by a UE, this i S at_ot her signals
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interfer ; a%:lfk?r ) IR RS | Sarfsd GhiteRiastic in nature,
repeat i n?lﬁg%@pgml msc%rgg it}ggfsr?\épr‘re@? "t{}%ﬁ{s egcr)a% ng trrlle rg(?’éi ved SNR at the
termnal. The WO 03/ 07960} fCF _US03/ 07953 25 Node-B can mtigate this

ef fect by inciS®¥i g .Jr T f for all channels, for the duration
when SCH i s present. I'Igﬁi s gpproach can be generalized to any scenario
wher ei n twigereint er f er eoepleadadinglebefficient sti ¢ conponent that the Node-B is
aware of. [1092],The | 9[52 | PSC (Primary Scranbling Code) that
repeats every .666.1.%8?7'385 E)hagﬁg fggtggc (Secondary Scranbling Code) group
that repeats eVery 13preasl fagwro frane. Unli ke other downlink channels, the

PSC and SSC ar€g_ = Energy per chip of transport channel
E

csch

1

oc

= Energy per chip of SCH

Thermal Noise plus Other Cell Interference power spectral density

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

[1094] Further, the increase in power may be a function of the terminal
geometry, which is a measure of downlink C/I. If the terminal geometry is small,
the increase in transmit power should be lower as the SCH constitutes a smaller
proportion of interference and has negligible effect on received symbol SNR, and
vice versa. The non-orthogonality factor varies as a function of time and the

channelization code utilized in the downlink.



not scranbled with the downlink scranbling code (DSC). Therefore, at the
UE, after de-spreading the incomng signal with the conpl ex conjugate of
t he downlwols/omesornbl i ng code and de-covering with the OVBET@s0®07953
(Orthogonal Variable Spreading Factor code), the SNR for each synbol can
be witten as: NR=1 alz al2 -E 'EcScn'/3 + loc . SF wherein a =
Conpl ex fading coefficient /3 = Non -2®rthogonality factor SF = Spread
factor Ect = Energy per chip of transport channel EcSch = Energy per chip
of SCH I[v095] Thier oré évabedinmnis ti@ HFPCCEI inclutesr fledieatssl pdotebits,peplinkal
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proporti oficrehsé Meetrhesmheewand has negligi ble effect on received synbol
SNR, and _vice versa. The non-ortho onabi ty factor vari e%@as a f%;]cpgn of
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time and [1096] chharleyiaig thimpabirmyiie folungpawr! ekl Rigentiip a3 01
PCT/ USO?’/iQBpoEﬁseaG [ 1095] In one enbodi nent, the DPCCH i ncl udes dedi cated
pilot bits, Uplink Transmt Power Control (TPC) bits and Transport For mat
Conbi nat isonCbniee tHeTSNR fromt the dEécated piettbét. pi | ot bits are used to
conpute the downlink SNR In the inner | oop of DLPC (DL Powe ntrol),
this SNR® sC@mPp'éeP&w@'Hef&n@et%ﬁtyéﬁnéhﬁﬁst'@éfe%§%@%&1eetafg .&?f t he

conput ed SNR 8 diff§2ntB38 Jrl&ter ahdftzerd RestiM&tedESNR 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.

o |f the difference is less than zero, but greater than a threshold, signal the Node-
B to reduce transmit power.

[1097] Among other things, the threshold could be a function of the UE

geometry. In a simpler implementation, the threshold could be a constant.

[1098] The TPC bits are used to set the uplink transmit power. Any error in

estimating the sign of the bits leads to a performance loss on the uplink. Typical

TPC bit sign estimation algorithms do not assume a deterministic component in

the interference. If the SCH is present at the location of TPC bits, the threshold to

determine the sign of the TPC bits needs to be a function of the SCH,

channelization (OVSF) code and the downlink scrambling code. The TFCI bits are

used to compute the transport format combination on a slot-by-slot basis. The

TFCI bits are coded. TFCI coding is detailed in TS 25.211, 25.212 and 25.213.

[1099] Once the UE has acquired the system timing, i.e., “knows” the SCH

value and location in time, the UE knows the value of B as a function of time for

each channelization code. As the value of B increases, the symbol SNR degrades.



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 twessntwenti ons is always |ower, resulting in thepPUEwmbgomss ng t he
Node-B to increase the transmt power. [1096] To alleviate this problem
the foll ow ng power control algorithmat the UE is proposed. Conpute the
SNR from the dedicated pilot bits. Cokbute the difference between the
estimated SNR and the target SNR. |If the difference is greater than zero
(esti mat §t1EYR i'Eheglsyatb@lis afaatypicwllge&c)ajed bi ghalcontreongilet Btrengthepriereto

transmt power di e s less than .zero and S
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bits are co |ng I'S ed in TS 25.211, 25.212 and 25.213.
[ 1099] Chce the UE has acquired the systemtimng, i.e., "knows" the SCH

val ue an &cahon,:&tl rrq; the UE knows the value of [i as a function of
time for on code. As the value of R increases, the synbol
SNR degr qdﬁﬁ] V@n%@t?@%rﬁ@/ k@ﬂéér@m o%&éd%iabTm@pmﬁmbanm fe

typically scal ed he comron pilot strength prior to nmbi nation with
t he syrrbctna@srmmlmphée ARKINAGKt measagasneit ot e dowplik Whee@peéatmgmte UE

o ot ST heb BRI ik SLoRiEIRS BEIRERI AT B fTos v 9
of the ACK/NACK message in the L2 (layer 2). As the ACK/NACK is used to
confirm transmissions, the loss disrupts a given communication and may result in
the loss of a call. Therefore, the interference with the L2 ACK is an unacceptable
problem.

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

[1103] For a given set of circumstances, a message may be particularly
sensitive to the SCH interference. This is verified in simulation results. There are
a number of techniques and configurations which mitigate the impact of the SCH
interference, or other inter-channel interference.

[1104] In UMTS the L2 entities (Radio Link Control, RLC) may be configured in
three distinct ways:

¢ RLC Transparent Mode, mostly for voice services.



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 Womwm7dofferent for the sanme synbol from differemrcTroshs/rpat h
conponents from different Node-Bs; the value of a is different for
different synbols fromthe sane mul ti - pat h conponent of same Node- B.
Interference: L2 Exanple [1101] In pradlice, service providers have
observed reliability problens with the transm ssion of L2 ACK/ NACK
nessages seat RUC Urackoowledged Mede, dpestagamingadervibegangesome signaling-or t hi s
scenario, the SCH transmission results in frequent loss of the ACK/ NACK
message in thd"¢S58%€8yer 2). As the ACK/NACK is used to confirm

transm ssi ons,qit RO | It i

the | oss ofpa FELCFI?‘C‘(%@IF@F%?!%%Eeioﬁrﬁ(g{réf‘%rgence %\ﬁ Wﬁgpwgﬁ%lﬁ@an -
unaccept abl e mesﬁaigem [ 1102] Based on investigation of potential scenarios
appoar s 16105k 1 The Fifahaniias dFegpreneR ARt tsAck B pt s locme St
condi tiopg %fmmc@'@%i@gb%%é yusémoﬁqﬂs mw@nelTrh@sseHgnhﬁsﬁ\%iodsrmact

on the transm ssion nessa al d i nmpact appears to
prevent sntcatissf interferénce (td atansnmsamsmfsmeoA NAﬁﬁKs measagegdn lLtghe Tihgpact

oflosm the ACK/ NACK i s descr.ibed in the n L on. t the
ht or s chibsor! s TaeiA0es et UE {in oot Ret BelEith 3P 5h etk T Bliur oc.
[ 1103] F@beﬁaﬂcb Vede 30t ATK/RIACKINTBEANS dinitat] 18 S& agRciTRY chefigratios Wfattey
sensitive to the SCH interference. This is verified in simulation results.

There ar MEASHMRREMENTF RERGRTgmessags, vdereiguing iINRASHREMENT |F§ER@Rt he
I[ rlnl)gfﬁ ?n %ﬁg@cﬁbnf@}r c{net(l es (kg’dpgg%ﬂ{%g @)nt r%Pa‘v’%aﬂSéC%ﬁrL gur ed
in threesddsbirgpdrtwaats‘A Prilafy TPaBkiplzaees tﬂé)ctspommg;tair}ge‘ ’brevthata rad!ovl ces.
Ser vi cos IBRGENSSIR Dl (RO 1o daa,GEAYE AIC ALK JlcelOac eBRBrIatS TRBL Kot
servi ces caads fPwhich thisResiagtAnia)be 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.
[1106] Once the MEASUREMENT REPORT for event 1B is lost, the network is
no longer able to remove from the active set the radio link that triggered event 1B.
The network is required to maintain communication to that UE through that radio
link. As a result, the network will respond by increasing the radio link Tx power,
until synchronization is lost (probably due to the loss of the uplink reception). This
will cause a capacity reduction in the cell/sector from which the radio link is

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

t ransm sswons/7d6ot r oduce i nterference to transm ssion of Poe/TAGHINRCK
nmessages in L2. The |oss of these nessages results in incorrect operation
of the system In one scenario, the L2 ACK/NACK loss is limted to a
specific configuration of the MEASURERENT REPORT nessage, wherein the
MEASUREMENT REPORT nessage configuration (event 1B, described in TS

25. 331, {8t07bn THe losa &f) L2 ACKANACK haseporare igemeral Ampachthan tbel spedifisaves

h ' ' i.e that dig Link should b d h
nctive: serobmes] 8 idsspiifeq befindha <For rifpri e St Wil PoR G oage
maybe | 03RRG) prot6cdVFARREENY SFRARSUTBESSIIRJbvery DD hick@abss URS iank and

not correctl’y received by the network. If all the subsequent downlink
ACK/ NACK exastige snaitye RRISt progadmies aes congideceddeeminated jiggdEewhepsthg

result of_t RCre nt.ent,. - I SSi t both
he UE s eReondriaiRC, rieRab8icibnalar 1F 58 GAER ISR ifsrbaeR
nmessages THaseMatludeccessfully transmtted. 2. The MEASUREMENT REPORT
nmessage is in the RLC transm ssion buffer waiting to be sent for the first

time in uplinBRafONDRETIRN REINABOMREESEges corresponding to previously

sent nessages Fﬁ? é‘P/?‘fUSThi s triggers an RLC reset procedure, during which
the contents o he ransm ssion buffers at both the UE and the network
are flushed, rHGNALLING CONMECTHON RELEBASELINDIGAIIAQles not yet

transmtted. [110 NT REPORT for event 1 Bis lost, the
network is n&%gﬁbg%]g“g"éﬁ?ﬁ% romthe active set the radio link
that trigger eqq@MFEBE]A@R SErUPtORIELETErequired to maintain

communi cation to at UE through that radio link. As a result, the network
wi Il respond HAPK2BEARRD RE@&M’HG&HAH@NQW%&TE until synchronization

cause a capaciTADICHEARER HEL ERSEPMIZ AR, "F b whi ch the radio 11k is
transmtted. WRAREPOHD EHANNEEIRECONRGURATION qOMIPe HTESs of L2 ACK/ NACK
has a nore general inpact than the specific
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.
[1108] If L2 ACK/NACK cannot be reliably transmitted, then the message could
be lost, leading to a loss of synchronization between the UE and network state
machines. In many cases, the loss of synchronization will be unrecoverable, since
most of the RRC messages are differential messages, i.e. they convey only
information on what has changed with respect to the previous state, not a
snapshot of the latest state. As example, the ACTIVE SET UPDATE messages
are used to add or remove radio links to/from the active set, without including the
current status of the active set. Similarly, the MEASUREMENT CONTROL



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.wllsameoexanpl e, many RRC procedures are consi dered/uses/oiorat ed in
UE when the corresponding RRC nessage is delivered to the |ower |ayers for
transm ssion. These include: RRC CONNECTI ON SETUP COVPLETE RRC STATUS

S| GNALLI NG CONNECTI ON RELEASE | NDI CATI 8N COUNTER CHECK RESPONSE RADI O
BEARER SETUP COWMPLETE RADI O BEARER RECONFI GURATI ON COVPLETE RADI O BEARER
RELEASE GR43agEE ArMANISRCERTESs GHANEINgREGONRE G @NIiSTORRDET EharPH¥SIatast
CHANNEL RECONFI RATIEBECCNPLETE RADI O BEARER SETUP FAI LURE RADI O BEARER
RECONFI GStatys OXeaP@igRROT 84Dl O BEARER RELEASE FAI LURE TRANSPORT FORMAT

COMBI NATI i I
OTRAN NoB TRy 1| R AR AT EU e Ve ST ThBATE PA UL HANGOWER FROM

UTRAN FAIRB/E RERC LmEs#ades @RDER 16RO therrmndition. lgrEingvintherredgetpf e dRT.

[1108] If ACK/ NACK cannot rel Labl y, t ' d the,.

could beTHsES nobdamrean, il he okt mSMRIes S phdhishol, CPHEERERE

net wor Kk gfepkfate B DhrRBveldbléTBmr. 35 &4l theheniorasthel RRO state® Maohinerand | | be
unrecoverabl e, since nost of the RRC nessages are differential nessages,

i .e. they owesageonllybe sanbbydbe &/E dn thndietivask eeuRstingherreleasseet theo t he
2L Pl e, p3RAREA ey s SR ol i FRBERTY et BT
active seésetsidrnio@ientitied usbdigy RRC i one esversit aigher vhludsecancihe venfigired.
Simlarl yl"hist ﬁea%%gﬁyg%lecg\s@?% tx\gL%?’(/ar?th? %%%dpgh%%?%o%dq g?énerate 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.
[1112] Even if only some L2 resets occur due to the loss of ACK/NACK
messages, the resulting loss of data at L2 would cause many L3 retransmissions
with a substantial reduction of the data rate as perceived by the application or by
the user. In particular, the flow control mechanism used by TCP/IP (slow start)
would drastically reduce the data rate whenever some data is lost by the lower
layers. The quality of service would then be degraded and the application may

terminate the packet session, due to the expiration of timeouts.



30 nessages only indicates the changes in the neighbor list, rather than

the latest status of the neighbor list. [1109] Wenever there is a reset
of the L2wemmsiotgsoused by RRC (RB2, RB3 or RB4), RRC nessagaausoan7ose | ost.
If the condition |eading to the reset of the L2 entity is not tenporary,

mul tiple L2 reset procedures will happen until L2 will generate an
unrecoverable error. L2 will then infofhhthe RRC state nachine, and a
nessage Wi ll be sent by the UE to the network requesting the rel ease of the
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packet session, " dué to EXpI Ion of timeouts.
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 four bit field indicating the type of status Super Field (SUFI), which in
the case where all the PDUs up to a certain sequence number are being
acknowledged, takes value: 0010

2. A twelve bit field 370 indicating the sequence number up to which all the
PDUs are positively acknowledged. This may take different values,
although always representing the value of a counter, which starts from
value 0 when the RRC connection is established.

3. Padding field 372 fills the rest of the PDU 360. The padding value is not
specified by the standard and will be discarded by the receiver of the
status PDU. However, a general assumption is that the padding is set

by default to all 0s by most L2 implementations.



WD 03/079601 PCT/ US03/07953 31 [1113] In WCDVA, AM (Acknow edged Mode) L2
(layer 2) control Protocol Data Units (PDUs) have the structure as

i1 lustratwodosn7dbG. 8A. The PDU 360 includes several fielpds/usoheroiszbit D/ C
field specifies whether the PDU carries Control (value "0") or data
information (value "1 "). If the DDCfieldis set to "0", then the
following field is the 3-bit "PDU type32field. This field specifies what
kind of <control information is carried by this PDU. For release 99, this
field carﬁ11135<]e t Noteethap bgscdl| RDMadizessareOidGtheOfyiieantl 160 Mitsi Mtedoiendn a
respectively that the PDU is a a S r aRES CK PDU.
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pr ot ocol unction. The basic rmat of STATUS PDUs is 1llustrat ed in
FIG 8B. No’ietaﬂ"se thagamenegcMmluseqssprammeeltm; datar and cmu@i phereterel
status inf or | on 1114
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In such spheeesDUEe reliable transm ssion of acknow edgenents (negative
and positive) is central in order to preserve the synchronization of the
receive and transmt wi ndows and to avoid stalling. These acknow edgnents
are sent .c 2> formof SUFls, as part of status PDUs. In a sinplest form
an ackno nmessage woul d indicate the positive acknow edgnent of

al | the PPUBB) n The etfeansirihicr-ehanheldaterigpetce aepaudsabnnth@emme cmb’niser
The SUFI's making up this message woul d be made u

f(ﬁur bi t *Fﬁ"téﬁéemgdqr%'&?tmﬁ&dt ﬁ@ﬂ%ﬁ@%nc@Fﬁ%?'t%E?P{t’!a@TQ} H‘;l"gsh 'h |n
t
heknont oG 3peches oSl Sefunfe ol pid i ST @'@gié. BRIYRG,

sequence tramstréssions and wait@mnsalisiohg of FP&Jsameesqfo@mdataee\;erawhammimmym Thi s

t ake . diff | |t hough al th
Count ar  SAPRIRERS T HBEIA M B ARk R YRR T 08 St el Shea

3. Paddi Qfésfré@'t&' (QZ%vBid $éndifg s'b?r% s@(ﬁuédt‘é Mt@ﬁ%re%n%@ﬂ'dt@er\éadel@ i s

not specified he standard and be di scarded the receiver of the
status PRI owpe) ange(® rcinangesibﬁmaﬂem sent paithe lp@y@laakjlamgr dgringsre-

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
one bit-sequence with another and is therefore not recommended, despite the fact
that this method is relatively easy to implement. In the case of scrambling in the
MAC, the scrambling could be time-specific (based e.g. on CFN). This would
eliminate data-correlated errors, ensuring that the likelihood of successfully

completing a certain number of re-transmissions is the same for any data



by default to all Gs by nost L2 inplenmentations. WO 03/079601

PCT/ US03/ 07953 32 [1115] Note that typical PDU sizes are in the order of
150 bits.wolwepnedsor e, in a nessage such as the one descri ped/mbonvms3 t here
woul d be on the average 7 bits set to 1 and 143 bits set to zero (at |east
130 of which would be consecutive). Note also that ciphering, when used,
scranmbl es the data and could therefore33 alleviate the occurrence of the
probl em However, ciphering is not applied to Status PDUs. Scranbling
[1116] TiseqeéheetThid wiontcbe thebestisoluttosrihdhe haryg themeantbwould achievegbethice of

bits th I S [ transmnit sequences are hit rder than others.
The way )%ﬂlgésiagj‘.a’é' es?'?‘lr?%%‘aﬁ'éi e§gag%§]é@d i qﬁr}?f l:Pgs'sent on the
physi cal [{ppgr OpRé PEAdinG3RIAINSHE REs YR déed hANTEEFER 1Setab dnyspeaife set
of data, "even when ciphefing 1s configured. In order to mnimze the
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with the Status PDUs. =xpl scranbling at RLC I evel could only be
done wi t howeypesiili ifamaisdobspedifiphigbguiayeedataasequencdsbe known to both the
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easy to inplenent. In the case of scranbling in the MAC, the scranbling

coul d be of Viewy, digds thecpretersed selution &or toeghorttrIm. woul d el i mi nate

data-correlated errors, ensuring that the |ikelihood of successfully
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
34.108 all the reference configurations can be configured with or without the
possibility to explicitly power control the DCCH.

[1124] When the power control procedure is solely driven by the performance
of the data channel, any abnormal performance of the DCCH will not be corrected

by the power control loop procedure. In particular, if the DCCH experiences some



conpleting a certain nunber of re-transmssions is the sane for any data WO
03/ 079601 PCT/ US03/ 07953 33 sequence. This would be the best solution in

t he | ong werogioassoh woul d achi eve both (1) and (2) above, Irorhusb®o7988CK/ NACK
nmessages and for data PDUs. [1119] The padding field in the message does
not need to be set to any specific value by the peer entities since the
paddi ng value is ignored by the protocdt. The padding value could
therefore be mandated to set the bits to sone non-zero values (for the
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's solely rﬂ1 g\é?lal l§’Clll h&weﬁ'ﬁ\refl OTHBNERH interference is always present, however,
several factors aggravate the inter-channel interference. First, high geometry
impacts the affects of inter-channel interference. As discussed hereinabove, the
interference is isolated when the UE is proximate the Node-B and therefore,
results in loss of information. Second, when the outer loop control mechanism is
based on transport channels that are not affected by the SCH. In this case, the
power control does not adjust to overcome the impact of the SCH. Third, diversity,
including multi-path, transmit-diversity, magnifies the impact. Additionally, when
there is no diversity gain on the SCH interference, since 100% correlated except
for STTD. This is only a degrading factor if and when the power control outer loop
is based on channels which benefit from the diversity. Fourth, when the low rate
transport channel is multiplexed with higher rate transport channels. Fifth,
messages with long sequences of bits of a same polarity result in a sensitivity to
the inter-channel interference.
[1127] The L2 ACK case includes all of the aggravated factors. The L2 ACK
message is a long sequence of zeros that is mapped onto the DCCH within a
higher rate packet configuration. The SCH covers the DCCH bits. The power
control set-point is driven by the DCH quality at high geometry.



of the data channel, any abnormal performance of the DCCH will not be
corrected by the power control |oop procedure. In particular, if the DCCH
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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
better solution to this problem is to use different DPDCH/DPCCH offsets for each
transport format combination on the DPCH.

[1131] In the W-CDMA system, the voice service is provided with the Adaptive
Muiti-Rate (AMR) speech service. The AMR source coder generates either a full
rate frame, a SID frame, or no data (NULL frame) every 20 ms (i.e. TTl = 20 ms).

The SID frame is typically sent once every 160 ms during any silence period.



[1127] The L2 ACK case includes all of the aggravated factors. The L2 ACK
nmessage is a |l ong sequence of zeros that is mapped onto the DCCH within a
hi gher rawe opacdéet configuration. The SCH covers the DCCHPoirtiso3/aes power
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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 less than required for a BLER of 1%. In the
lab, simulations have observed that the actual BLER for DCCH at this low SNR
can be up to 60%.

[1136] In addition, there is a possibility that ill-chosen offsets for the SCH
relative to the data channel results in “collisions” which further raise the DCCH
SNR requirement, and thus exacerbates the problem.

[1137] Note that the fundamental problem here is the inherently different SNR
requirements of Class A NULL frames vs. DCCH signalling frames. Such SNR
requirements are a function of the transport block length, the coding, and as well

as propagation conditions. Since the UE has no control over these parameters, a



transport format conbination on the DPCH [1131] In the WCDMA system the
voi ce service is provided with the Adaptive Milti-Rate (AMR) speech
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likely be wasting power most of the time.
[1140] Another alternative is to allow the UE to run outer loop power control on
the DCCH by using a 1 x 0 transport format on the DCCH instead of the 0 x 148
format. With a DCCH outer loop, once the UE detects a block error on the DCCH,
the UE will request more power and eventually enough power will be transmitted
for the 1 x 148 to get through.
[1141] Transmitting 1 x O instead of 0 x 148 means that there will always be
some transmit power overhead on the DCCH. Furthermore, with this scheme, the
first frame in a series of 1 x 148 frames on the DCCH may always experience a
much higher error rate than subsequent frames, before the outer loop target has
had the time to “catch up.” If there is some acknowledgment/ retransmission
scheme on the DCCH, this may be acceptable.
[1142] Herein, a scheme is presented that may work without transmitting any
more power than necessary, and furthermore requires no outer loop “catch-up”
delay. This is based on the idea of having the base station apply a variable
DPDCH — DPCCH power offset based on the instantaneous transmitted TFC
(transport format combination).
[1143] Suppose the base station were provided a table of the SNR
requirements for all transport formats as in Table 2. Then for all possible TFCs,



[1136] In addition, there is a possibility that ill-chosen offsets for the
SCH relative to the data channel results in "collisions" which further
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[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
at the reference power level, and would adjust the DPDCH power level relative to
the DPCCH depending on the transport format. Meanwhile, the DPCCH reference
power level is adjusted as usual according to the normal up / down commands as
determined by the inner-loop power control.
[1148] At the Node-B a table is stored to map the TF combination to a power
offset value. An example of such a table is illustrated in FIG. 14. FIG. 15
illustrates a process for power control using a table with the mapping of TF



had the time to "catch up." If there is sone acknow edgnent/ retransm ssion
schene on the DCCH, this nay be acceptable. [1142] Herein, a schene is
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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.

[1152] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is implemented as hardware or

software depends upon the particular application and design constraints imposed



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
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[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
storage medium may reside in an ASIC. The ASIC may reside in a user terminal.
In the alternative, the processor and the storage medium may reside as discrete
components in a user terminal.
[1155] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied to other

embodiments without departing from the spirit or scope of the invention. Thus, 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, wotmj798ynbol s, and chi ps that nmay be referencedrpchruoghmss the
above description may be represented by vol tages, currents,

el ectromagneti c waves, nmagnetic fields or particles, optical fields or
particles, or any conbination thereof.4]1152] Those of skill would further
appreciate that the various illustrative |ogical blocks, nodules,

ci rcui t s pregeht ahgmtiohHsrt éptendeed to bedinited tw theeembodirments sthlmwn kereddi ment s

disclosed herein ma be i npl enent ed as el ectroni ¢, hardwar e, ut er
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i ntercha d re and software, various illustrative
conponen?%ﬁan%l%%%oggdH§&ﬁ$§ circuits, and steps have been descri bed above
gener al | y1156]t erWHADIS CLAIMBDISt i onal | ty. Whether such functionality is

i npl emented as hardware or software depends upon the particul ar
application and design constraints i nposed WO 03/079601 PCT/ US03/07953 40
on the overall system Skilled artisans may inplenent the described
functionality in varying ways for each particular application, but such

i npl enment ati on decisions should not be interpreted as causing a departure
fromthe scope of the present invention. [1153] The various illustrative

| ogi cal bl ocks, nmodules, and circuits described in connection with the
enbodi ments di scl osed herein may be inplenented or perforned with a
general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmabl e gate
array (FPGA) or other programmbl e | ogic device, discrete gate or

transi stor logic, discrete hardware conponents, or any conbi nation thereof
designed to perform the functions described herein. A general purpose
processor may be a mcroprocessor, but in the alternative, the processor
may be any conventional processor, controller, mcrocontroller, or state
machi ne. A processor may al so be inplenmented as a conbination of conputing
devices, e.qg., 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, BEBRGNVesenory, registers, hard disk, a renovabl e acgkysoao79€D- ROM
or any other form of storage mediumknown in the art. An exenplary storage
mediumis coupled to the processor such that the processor can read
information from and wite infornmati ol to, the storage medium In the
alternative, the storage nmedium may be integral to the processor. The
processor and the storage nedi um mGLABMI$Sde in an ASIC. The ASI C may
reside in a user termnal. |In the alternative, the processor and the
storage nedium nmay reside as discrete corrponents in a user termnal.

[ 1155] The prayv, iRt d nts is provided to
enabl e aﬁy pe?‘s@%Hﬁ(ﬁﬁ%&Mrl@%bg%892?‘5[“&@&? &éﬁ\ Sggébﬁﬁ'e”@gr esent invention.
Vari ous nodi foroedtiimynmeseagdseoe tmiscrdssmrmnrsfrmﬁels megaaqixldrgalnapﬁastomt to
those skilled in th art dth |nc es defi ned herein may be
applied to other &Pﬁéﬁﬁgﬁm? ﬁégla {)%V'F‘Lﬁbo % the spirit or scope of
the inventiong; T&]Héeabﬁ?ra% Pm%%%eﬁd%ﬁmd&fb?/p%ﬁm \nﬂwbréihQﬁ@%bcd)rWe”t' on
IS not mtendetho be limted to the enbodi nrents shown herein, but is to
be accorded the wi destbesobpertionads sobamulliple of e first ﬁumﬂeé@féms novel
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conpri sing: formatporreEas@ges for transmssion in franes having a
plurality of slots, wherein each frame has a first number of slots;

di vi di ng each trRNEMLting 8y intedeavertralsmissiQsT. portions, wherein the second
nunber of portions is not a nultiple of the first number of sl ot s;
interleaving the plurality of slots in each frame using the second nunber
of portions; Thednéthadsas intdaig Brwherear theavieeless aosmsscation $ystdinds et hod

as in clai rT\]Nlldeband (rj]e bﬁ'ﬁs.‘c’)“nrl\ﬁ&lﬁ&% &ccessr}W?fdl\%A) s?lss'(terenm 's a

3. The method as in claim 1, wherein the interleaving comprises block
interleaving.
4. The method as in claim 1, wherein the second number of portions is a

dynamic number varying over time.

5. An apparatus in a wireless communication system, comprising:

means for formatting messages for transmission in frames having a plurality
of slots, wherein each frame has a first number of slots;

means for dividing each frame into a second number of portions, wherein
the second number of portions is not a multiple of the first number of
slots;

means for interleaving the plurality of slots in each frame using the second
number of portions; and

means for transmitting an interleaved transmission.

6. An apparatus in a wireless communication system, comprising:
transmitter; and
processor adapted to:



W deband- Code Division-Miltiple Access (WCDVA) system 3. The nethod as in
claim1, wherein the interleaving conprises block interleaving. 4. The

met hod asworsebebm 1, wherein the second number of porti omPETIS03079dyNnam c
nunber varying over tine. 5. An apparatus in a wreless comunication
system conprising: nmeans for formatting nessages for transm ssion in
frames having a plurality of slots, wherein each frame has a first nunber
of slots; neans for dividing each frame into a second nunber of portions,
wherei n the secontormatimessadgepdot iramsmissiondh franmes bayihg agblutdlity of r st

nunber of slots; neans for |nterleaV|€%ﬁ§q$ pI rallt of s ots in each

frame using the second SKISp¥IEIEIN eRfH i e(gro StABhsmitting an

interl eaved trans CRAMBLER i on
system conpri si ng]dﬁﬁ(%é)gﬁg?nﬂtaﬁe%rmﬂpgéa%mg[s]g%re\ﬁggggﬁﬁsto V\Dhgg% 079601

PCT/ US03/ 07953 43 for rrstecom;aagmerbbpomloaametsa onuliipiefof dnefirshavintgr a
plurality of slots, (9 each frame has a first nunber of slots;
di vide each franme into 8 8%nd nunber of portions, wherein the second

nunber of portions;iisee fhe”bthth}@fé?étstlﬁ%aﬁh'ﬁ%’mélugf?@rthe%fec%@tS
interleave the plurality of slotsin each frane using the second nunber of

portions; and transnit aemberef pedioss, andnsni ssion. 7. An interleaver,
conpri sing: neans for vi di n r frame having a first nunber
of slots into a g@&ﬁﬁ’ﬁéﬂ%‘é&‘% eggﬁ%\%ﬁié%her ein the second nunber of
portions is not a nultiple of the first nunber of slots; and neans for

interleaving the first nunber of slots using the second nunber  of
portions./- An interleaver, comprising:

means for dividing a transmission frame having a first number of slots into a
second number of portions, wherein the second number of portions
is not a multiple of the first number of slots; and

means for interleaving the first number of slots using the second number of

portions.

8. A method in a wireless communication system, comprising:
formatting messages for transmission in frames having a plurality of slots;
dividing each frame into a predetermined number of portions;
interleaving the plurality of slots in each frame, wherein the bits of each slot
are reversed; and

transmitting an interleaved transmission.

9. An apparatus in a wireless communication system, comprising:
means for formatting messages for transmission in frames having a plurality
of slots;
means for dividing each frame into a predetermined number of portions;
means for interleaving the plurality of slots in each frame, wherein the bits
of each slot are reversed; and

means for transmitting an interleaved transmission.

10.  An apparatus in a wireless communication system, comprising:



8. Anethod in a wireless comunication system conprising: formatting
nmessages for transmssion in frames having a plurality of slots; dividing
each framwoiosbmear predet er mi ned nunber of portions; interlpeaisogoione
plurality of slots in each frane, wherein the bits of each slot are
reversed; and transmtting an interleaved transm ssion. 9. An apparatus in
a wireless comunication system conpri4ing: neans for formatting nessages
for transmssion in frames having a plurality of slots; means for dividing
each frane i nt@ananmitt@&candr m ned nunber of portions; neans for interleaving
the plurality of slots in each frame, wherein the bits of each slot are
reversed; and PieeaESOf 8aptediQii tting an interl eaved transmission. 10. An
apparatus in a wr L i I R h&ViRg: 79601

PCT/ US03/ 07953 44%®r§%n@§n tper%’?&a{rﬁ%ﬁ'?oﬁ%esslorf adap?%‘gﬁgg: F\{I?{oefr;ﬁ th nessages
for transm ssion in framkdshaving a plurality of slots; divide each frane

into a predeterm ned nunmber .of portions; ., interleave the plurality of slots
in eachpf rame, wherddide eaeh Hiaf@ép'(@%o aé’é%ﬂet?frapegr@m%‘?fe&é’éﬁ{,'o%d t)r/ansm't an

interleaved transmgai88ve the plurality of slots in each frame, wherein the bits of
each slot are reversed; and

transmit an interleaved transmission.



