[0001] DETECTION OF CHANNEL QUALITY INDICATOR [0002]FIELD OF INVENTION [00031The
present invention relates generally to channel quality measurements in wireless communications, and
more patrticularly, to a method and apparatus for reliablytletecting channel quality and its application to
outer power loop control. [0004]BACKGROUND [0005]Currently, third generation (3G) mobile
communication systems are being standardized to implement efficient and high throughput of downlink
(DL) packet data transfer mechanisms In the context of universal mobile telecommunications system
(UMTS) wideban e-diyisl | , A) hased 3G systems, these packet transfer
techniques are ¢ r{rgérri] n|y$§$ﬁ§§&%§?&%%ﬁM%ﬂ%ﬁME{%%SDPA) [ISDPA is
possible for both Frequency Division Duplex (IUD) and Time Division Duplex (TDD) modes, and is
implemented for chip rates of 1.28 Mcps and 3.84 Mops. 100061 The following characteristic features
are the source o@gé)%bnized efficiency andZEMR G mghput of HSDPA: Adaptive
Modulation and G#iglg (AMChée pitasente shiastibly brithdwitorentitaRensatiRaguesiiivbrid ARQ); fast
feedback mechapjsm Rl 'qg afnstantaneous DL channel quality; and radio resource
efficient packet s%iheduling mtgeﬁgr%fr%%%% ast, cs%%fearlﬁ;a ﬁ%nngﬂgggfgﬁ%éﬁ‘@%owwet

“another distinguiSRfiFRaERIRS BF Febiphiydrtering huamehgapdity and its application to outer

power loop control.

{0004] BACKGROUND
[0005) Gurrently, third generation (3G) mobile communication systems are
being standardized to implement efficient and high throughput of downlink (DI)
packet data iransfer mechanisms. In the context of universal mobile
telecommunications system (UMTS) wideband code-division multiple access (W-
'CDMA) based 8G systems, these packet transfer technigques are commonly
referred to as high-speed downlink packet access (HSDPA). HEDPA is possible
for both Frequency Division Duplex (FDD) and Time Division Duplex (TDD)
modes, and is implemented for chip rates of 1.28 Mecps and 3.84 Meps.,
[00086] The following characteristic features are the source of recognized
efficiency and achievable data throughput of HSDPA: Adaptive Modulation and
Coding (AMC) techniques; fast Hybrid Automatic Repeat Request (Hybrid ARQ);
fast feedback mechanism for uplink (UL) reporting of instantaneous DL channel
«quality; and radio resource efficient packet scheduling mechanism and fast,
short-term DL channel assignments,
{00071 Yet another distinguishing feature of HSDPA is that the data rate
and amount of DL transmission (Tx) power that an HSDPA base station allocates
‘to & wireless transmit and receive wnit (WTRU) is a function of the WTRU's
nstantaneous channel conditions. For exarmple, = user close to the base station
can reliably receive a high HSDPA data rate with low transmission power. A user
far away from the base stafion, or a user confronted with unfavorable channel



and amount ofDL transmission (Tx) power that an HSDPA base station allocates to a wireless
transmit and receive unit (WTRU) is a function of the WTRU's instantaneous channel conditions. For
example, a user close to the base station can reliably receive a high HSDPA data rate with low
transmission power. A user far away from the base station, or a user confronted with unfavorable
channel conditions, would only support a reduced data rate for the same or higher amount of
allocated DL transmission power. [00081The instantaneous HSDPA data rate that a particular user
can reliably support is generally dependent on: 1) path loss, which is based on the distance to the

serving base Stati&iﬁcﬁﬂi&ﬂ?@@ﬁl@&ﬂ%m@@mm&ﬁ{%%%a %}igperé%ff interfeéggce at the
user's receiver cau :S%b ther users present in the system; an Egsp e users chanh onditions,
such as the speed’ah ﬁﬁ% ORISR AR In other words, the HSDPA data rate is a fmiction of

the user's experielf888IDL sifitwl-tostatesiesancHSHIA (RR) whicihis basedsanenal-afiiese factors

and is representa%gfytgg?ggr@gt?eﬁggﬁ GAAELEA rt. The.yseris DL SIR will generally
vary in time as a function of these _actors.p[OO_ _9]Knov‘\l/§é(%z o? ,ti%ﬁﬂgéﬁr*éhe?&g?ﬁén%% L SIR or any
similar representatlvE%L?ﬁ‘éfﬁ ETRE bavedlwkiog 2l shederringe B bsferbmeeus fasideiliog signal power
combined with recendident; 4hietizferue; it Geseatiardcsitbe dASRPYy bise slaigRdamiaure highly

efficiont HSDPA aperajininChM sy UlaNny HEREARYE dherelgre adopieda fast UL Layer

1 (L1) siglirgling mechanjsm which allows a WTRU to periodica e base station

with a fast, UL cHEREE3ES SPTHREmESH (& ypher mowds ios RSP Aslatirvata énadionipeofifiguration of
the periodic' CQI- fbetiseskeirpeiniaddv Dlbeigsabteimeyfordahon CQSTRPRRINNDINASHR. 2, 4, 8, 10,

- 20, 40, 80, or 16QiinsF {HOWeNaHANT, ' eriodic feedback, sq the CQlI is instead sent
with an ACK/NACK on the Hi h-Speéﬁ)c%g S;Eg{%déﬁ %%%o%%npeﬁ?ﬁéﬁ?%tw Tehev&FA DL data block
on the HSDPA DETRRCHAARE eSS B Wil eenszalipy ary/iprtisng ey Smetiserbthesed TDD modes,

this mechanism igetsmsmonly referred to as CQI reporting. [00101The method for measuring a CQIl in a
Thethod of how 16 derie the oo o AT e e S i eere o a tabi
(as shown in 3GPPFEBREY REEE Mtk this Senstionatitorafoy mrsmplst BpB&iERNeS.4.0(2003-03))
listing some 30 Geeirsilisignalsivyr combined with received DL interference, is essential for the
- HSDPA base station to ensure highly efficient HSDPA operation. CDMA systems
employing HSDPA have therefore adopted a fast UL Layer 1 (L1) signaling
-mechanism which allows a WIRU to periodically report the DL SIR to the base
station with a fast, UL channel quality indicator (CQI). The current ¥DD
~specification allows configuration of the periodic CQI feedback in the UL to be
sent every 0 (when CQI reporting is turned off), 2, 4, 8, 10, 20, 40, 8O, or 160 ms.
However, in TDD there is no periedic CQI feedback, so the CQI is instead sent
with an ACK/NACK on the High-Speed Shared Control Channel (HS-SICH)
‘whenever a DL data block on the HSDPA Data Channel (HS-DSCH) it received
~by a WIRU. In W-CDMA FDD and TDD modes, this mechanism is componly
referred to as CQI reporting.
{0010} The method for measuring a CQI in a | particular WIRU
implementation is not standardized, but is open to vendor implementation. But
‘the method of how to derive the reported CQI value is standardized. In the FDD
-standard, there is a table (as shown in 8GPP TS 25.321, Medium Access Control
(MAC) Protocol Specification, 5.4.0 (2003-03)) listing some 30 CQI values roughly
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corresponding to increasingly higher data rates, and therefore proportional to higher and higher DL
Slits. The reported CQI in FDD is derived as follows (per 3GPP TS 25.214, Physical layer procedures
(FDD), v5.4.0 (2003-03), section 6A.2): 'the LIE shall report the highest tabulated CQI value for which
a single HS-DSCH sub-frame formatted with the transport block size, number of HSPDSCH codes and
modulation corresponding to the reported or lower CQI value could be received in a 3-slot reference
period ending 1 slot before the start of the first slot in which the reported CQI value is transmitted and
for which the transport block.error probability would not exceed 0.1." In TDD, the reporting is different;

'E?r(]a transgort 2L9e&ﬁ§@' i5d fﬁ@%ttﬁdg;}&ﬁm ESWCH ' ﬁu&@gﬁﬁqﬂ@%ﬁg{?}\éﬁg‘ﬁw@ssio?}dirr:terval

e number ofti gre th - W eived) and that transmission would have
yielded a block ég%?gr}a%got 5%1[@?1%&%3% ”éi’g’rﬁéecfﬁiﬁ R APRTEE B P lease 5, the
CQJ is an inform3@Bh B Sbefidndyrieabiayrmprosdvires GTRDY o i (R6ARDBY actElb) Reed-Muller
code. The resultieg. B0t DB EaT eehsrmaNEgHEE et iie Sl R haSpegdiRagicated Physical

Control Channel¢d$; CH). E'very user has. parate HS-DPCCH with an adjustable CQI
reporting cycle (%R%gggﬁg}f?ﬁs%ﬁ%%ﬁ%%ﬁlm%@ﬁ?% Iooks sz ey 8h Hhe user does not
receive data on esiand pepHziytion permespandingdie thin temxedraribWerCRIAAIEDD release (3.84
‘Mcps or high chipraid:éhiéoityel R 3thtet eédirenad paiRreAHR: BILREAMERAG ISR AL RDY Which is
~encoded by me of-a, (32 Reed-Muller.cqde. The resulting 32 hit long coded sequence is sent in
the UL as part o? t%e ﬂ%@](?%?&?gﬁﬁenf Ig%? R SFrssrutie, ?%%ﬁl‘ff]lﬁketb?ace if the user
has previously rdtENEeFiddeskormererebabiBie rronltheotrexrred 00 FIBEEAY shahapastimpility of a WTRU's
-CQlI report has adiffsrpit; i tHRRRANMRANOE L snpeiiapidhatatRabARasa siation has a
means of deterrqiniqgeggethgis asi%:%%/vas {?t%eived in eraor. %}/ discarding_ an grroneously received
CQI, the ISDPA Bea?se station can avoid the sﬁfgﬁgﬁeﬁ? ﬂm&%ﬁé{%ﬁ@ﬁ‘%a\ rate and
corresponding trAASHSETEN pedvideidransmissivmwianlithawtanebibde theckisans wipefitenced DL channel
conditions. Errorieraig CQlsAyadésastif HSIR AsRie WSS I {aRuSey ffe a high level of

_interference to the %@%}%ﬁgr%’i‘p th%&}%?{;n’ A hiéh re(igglg_s the efficiency of HSDPA service in the
W-CDMA system. thermore. n?g\r% B RERRrIet B REmRs et Ghr
Reed-Muller code. The resulting 20 bit long coded sequence is sent in the UL on a
High-Speed Dedicated Physical Control Channel (HS-DPCCH). Everyuserhasa
separate HS-DPCCH with an adjustable CQI reporting cycle (feedback rate). A
user can report the CQI on the HS-DPCCH even if the user does not receive data
on the HS-DSCH.
[6012] - As another example, in the current W-CDMA TDD release (3.84
Meps or high chip rate (HCR) TDD), the CQl ie an information bit sequence ten
bits long which is encoded by means of a (32, 10} Reed-Muller code. The resulting
32 bit long coded sequence is sent in the UL as part of the HS-SICH. With
“ewrrent TDD, a CQI transmission can only take piace if the user has previously
‘received data on the HS-DSCH in the frame.
{0013] Because the reliability of a WTRU"s CQI report has an impact on
"HSDPA operation, it is important that an HSDPA base station has a means of
‘determining whether a CQI was received in error. By discarding any erroneously
received CQI, the HSDPA base station can avoid the situation in which it would
‘choose a DL data rate and corresponding transmission power for a user that is
not adapted to the user’s experienced DL channel conditions. Erroneous CQis
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user are an indication that the user's UL transmission power settings are not accurate and the base
station or another access network node, such as the Radio Network Controller (RNC), will take
appropriate actions. As an example, the RNC can signal a higher target UL SIR to the user in order to
increase its UL transmission power and to lower the error rate on 71S-DFCCH (in FDD) or HSBICH (in
TB])). This type of RNC functionality is commonly referred to as outer loop power control. [0016]Error
detection of received UL transmissions in W-CDMA FDD and TDD modes is typically accomplished by
employing a Cyclic Redundancy Check (CRC) l.e., a bit sequence computed from and accompanying

the data which, W&ﬁw%ﬁg ﬁfl&g{al ?gnﬁs‘% zﬁ#}on is aﬁr‘e#afk%%tlgndl at rtofﬁgfcodlng errors. For

a CRC to be effective in error detection, t However in

order to avoid hd@ﬁ?&%ﬁd@h?&%&?ﬁ%%@%@@@@ mtﬁa&mw data length must
be small. In a tydSBApLedtemnm the WatibMAasHtean the order of hundreds of bits while the CRC field

may be on the oqgg-_[ f 8-2440itsy, fortun the HS DPCCH (FI)])) and.the HS-SICH (TB]))
are fast Li UL S|gnallng channels %vgﬁ'%%&%%ot ot INeIt e any UE datSor R ber of LI

signaling bits to THEk&wfgiddicrkionrthat fe vwerp Blitarmfistion power detiiugionreapabilities, the
CRC would havetenbsiaaniitialyasé ieastite samesisnasitedaindeldulaldys yerfying. With these

considerations, ggirenhll @p?ﬁ s do nat use a CRC on the HS-DPCCH MD and the

US-SIGH (TDD), oonnr&é‘ refore P@eggd on exwuﬁé’té’%%ﬁ&"ﬂ’fe%%ﬂﬁ tion or RNC)
has no means of¥&fiA5% Here} mﬂa’wﬁv@mmﬁmw @@Waasnec@védmmmm The network
ran only configuﬁmﬂm&kﬁﬂtﬁd@dﬁ@&hﬂ%@ﬂ%&é@%ﬂﬁﬁ%@ﬂ@{ ByFyeangof an UL target

Slut and by"exmﬁg' Iatlo that the event of errors is sufficiently unlikely and not
detrimental to HSDPA sy L%?i’ l% %m orfé}il P HTRTeB T rerres fa 8P MR hod for reliably

detecting and r ctness of received CQI values. 100181SUMMARY
[00 15} Error detection of received UL transmissions in W-CDMA FDD and

TDD modes is typically accomplished by employing a Cyclic Redundancy Check
(CRC), i.e., a bit sequence computed from and accompanying the data which,
when decoded in error in the base station, is a reliable indicator of decoding

- errors. For a CRC to be effective in error detection, the length of the CRC must be
sufficiently large. However, in order to aveid having an inefficient process, the
ratio of the CRC length to the actual data length must be small. In a typical
application, the data may be on the order of hundreds of bits while the CRC field
may be on the order of 8-24 bits.
[0016} Unfortunately, the HS-DPCCH (FDD) and the HS-SICH (TDD) are
fast L1 UL signaling channels which do not include any UL data or a sufficient
number of L1 signaling bits to make efficient use of a CRC. To provide sufficient
error detection capabilities, the CRC would have to be nominally at least the
same size as the data field that it is verifying. With these considerations, current
HSDPA standards do not use a CRC on the HS-DPCCH (FDD) and the HS-SICH
(TDD).
{6017 Therefore, based on existing techniques the network (base station or
RNG) has no means of reliably determining whether or not a CQI was received in |
error or not. The network can only configure the WTRU touse a high enough UL
transmission power by means of an UL target SIR and by “experience” from
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[0019]The method of the present invention enables the base station to determine the degree of
reliability of the CQI. The present invention provides a useful reliability detection mechanism for a CQI
report received by the HSDPA base station from a WTRU and provides a received CQI quality
reporting mechanism from the HSDPA base station to the RNC in order to track and adjust a
WTRT_Ps UL transmitting power setting. [0020]A method for improving the reliability of a channel
guality indicator (CQI) message in a wireless communications network begins with receiving and
decoding the CQI message. A decision metric valye for each symbol.in th 1&5?% message is computed.
A largest decisionSlrjr?e??ﬁc %%lsfu%u%(j%a %é@%n%"fgff’g%s kr’e“cf:‘?l‘s|1cs)n’s'n}%l{"ﬁaczzl éﬁlﬂ@ ar eat%‘?nﬂ?}%ed. The
reliability of the C@trirasattoE AT Ayier pRereiapdiiithiveciarg edveriagtonsimarriiiglue and the
second largest degigigihdR gbkiGalaibio. SR Satbashiah imaingdhedelphilityol atgceived
message represeggiln qu nifty of a transmission channel in a wireless communication system begins
by receiving a channel quality indicator (CQI) message from a wireless transmit and receive unit. The
CQI message is then decoded, and at least two different values representative of the decoded CQI
message are obtgagd] The reliability of the CQlgpeagagsyis determined by comparing the at least two
values. [(_)022]A syﬁ%(ig? _far d én};{%ﬂ&itgfeﬁﬁgag@% e%a trvgrrlagusglo é:shganengl in E%s\%rel SS
communication system includes at least one wireless tanemian receive u:ar‘?ﬁ f—'itjE;[ and a base
station. The VtITRigtsetnedbertassranfeplinbilite obthpdrtalihg rretsahinsicatianyeridestdr (CU. The
base station includegubrgiviltyiRonrstianieaniving thesCiQI fpearingnaansifrrisopding the CQl,
computing mean g%r cQmp) tiﬂ@n? fir%ﬁ%isio metric and a seco cisign metric of the decoded
CQl, and compaﬁ%g fneans for com aring tﬁg%,%‘{”é’%%%&éﬁ‘ﬁ‘&%‘({;% n ﬁw“g%??gsﬁ%)odefegmine if the CQI
contains an error echanism from the HSDPA base station to the RNC in order to track and adjust

a WTRU’s UL transmitting power setting.

[0020] Amethod for improving the reliability of a channel quality indicator

(CQI) message in a wireless communications network begins with receiving and

decoding the CQI message. A decision metric value for each symbol in the CQI

message is computed. A largest decision metric value and a second largest

decision metric vaiue are determined. The reliability of the CQI message is
determined by comparing the largesf decision metric value and the second largest
decision metric value.

{0021} A method for improving the reliability of a received message
representing quality of a iransmission channel in a wireless communication
system beging by receiving a channel quality indicator (CQI) message from &
wireless transmit and receive unit. The CQI message is then decoded, and at
least two different values representative of the decoded CQI message are
obtained. The reliability of the CQI message is determined by comparing the at
least two values.

[0022] A system for determining the quality of a transmission channelin a
wireless communication gystem includes at leasi one wireless transmit and
receive unit (WTRU) and a base station. The WI'RU includes generating means
for generating a channel quality indicator (CQI). The base station includes
receiving means for receiving the CQI, decoding means for decoding the CQJ,
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[0023]An integrated circuit constructed in accordance with the present invention includes an input
configured to receive a channel quality indicator (CQI) message, decoding means for decoding thP
CQI message, computing means for computing a first decision metric and a second decision metric of
the decoded CQI message, and comparing means for comparing the first and second decision metrics
to determine if the CQI message contains an error. [0024]BRIEF DESCRIPTION OF THE DRAWINGS
[0025]A more detailed understanding of the invention may be had from the following description of

preferred embodilgpngigﬁ ' gq B% Y,.Qf ¢ é&mpgeiﬁgg .he understood with regar nce to the '
accompanying drawingg%%/ which: 0(5:26 %lgure lis q‘#z)wc?#art %Pg ar#gtﬁggcﬁ}naccorag%ce with the
present invention PHitcttife derrster &RE swariEymeEags far crepaBw dhadiet a8 iternate
embodiment of a seethddéridacarerieeonlistethen s iinlestitinappleak|e to both FDD and TDD;

[0028]Figure 3 shgyysspn exampig af GRA'AlIARNI,AIGEION ARRISARIS Vith the present
invention includes an input configured to receive a chalgnel quality indicator
(CQI) message, decoding means for decoding the CQI message, computing means
for computing a first decision metric and a second decision metric of the decoded
CQI message, and comparing means for comparing the first and second decision

metrics to determine if the CQI message contains an error.

[0024] BRIEF DESCRIPTION OF THE DRAWINGS
. {0026] A more detailed understanding of the invention may be had from the
following description of preferred embodiments, given by way of example and to
be understood with reference to the accompanying drawings, in which:
-[0028] Figure 1 is a flowchart of a method in accordance with the present
invention, applicable to both FDD and TDD:;
jo027] Figure 2 is a flowchart of an aiternate embodiment of a method in
accordance with the present invention, applicable to both DD and TDD;
- {06028} Figure 3 shows an example of CQI reliability detection, applicable to
both FDID and TDD;
[0029] Figure 4 is a graph of the additive white Gaussian noise (AWGN)
channel HS-SICH performance, from TDD simulations; and '
[0030] Figure 5 is a graph of the WG4 test case 2 channel HS-SICH
performance, from TDD simulations.

[0031] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

- [0032] As used and described hereafter, a WTRU includes, but is not

- limited to, a user equipment, a mobile station, a fixed or mobile subseriber unit, a
pager, or any other type of device capable of operating in a wireless environment.
When referred to hereafter, a base station includes, but is not limited to, a Node-
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both FDD and TDD; 10029]Figure 4 is a graph of the additive white Gaussian noise (AWGN) channel
HS-SICH performance, from TDD simulations; and [0030]Figure 5 is a graph of the WG4 test case 2
channel HS-SICH performance, from TDD simulations. [0031] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S) [0032] As used and described hereafter, a WTRU includes, but is
not limited to, a user equipment, a mobile station, a fitint or mobile subscriber unit, a pager, or any
other type of device capable of operating in a wireless environment. When referred to hereafter, a
base station includes, but is not limited to, a Node- B, a site controller an access point, or other type

of interfacing dev_,gc A %l%ﬁ% enyiropnmen 033 F ure 1 ill esam thod 100 for determining
the reliability of a [ an\%s apprcr%tlgn to tecrlloo;]? é)%w cort#;S T Azt r%avﬁ‘&eelﬁnﬁ the present
invention. The m EBVBRYMEHy initializing a time interval clock and several counters, such as

total HE-SICHSs riasatied, numbﬁaﬂaﬁ&h&mmdaoamdeﬁmaﬂreﬂkﬁﬁﬁm that have
been missed (stea&qad R&e recelv R and ded step 106). For,each symbol in
the CQI, a decision metrlc va ge IS computg%é(itepplmg ﬁ'he rgesqu%gmfg g"ﬁ%}é‘fﬁc values are
selected (step 1F05%A4 Brd Atk é%hﬁr’g‘é@%%%% fimscirtervabdotep 112). The
difference betweamitbevtsl iﬂﬁgﬁ&fs;l%ﬁkﬁifﬁb el (5SS EVHE aiasvia detarsaneritdtds aelow a threshold
e 1o hesERtRa B B I e RS SO IR R 1 1o diocarded
CQI is received (step 104) and decoded (step 106). For each symbol in the CQI, a
decision metric value is computed (step 108). The two largest decision metric
- "values are selected (step 110) and the difference between the two largest valuesis
determined (step 112). The difference between the two largest decision metrics is
evaluated to determine if it-is below a threshold (step 114). If the difference is
below the threshold, then the CQI is Hkely to be in error, so it is discarded (step
116).
{0084} If the difference meets or exceeds the threshold, then the CQI is
presumed to be valid (step 118). Next, the counters are incremented (step 120)
and a determination is made whether the end of the time interval has been
reached (step 122). Also, flow passes back to step 104; the loop of steps 104-120
repeats continuously, regardless of the value of the counters or whether the time
interval has expired.
[0035] If the time interval has expired (step 122); then a determination is
mads whether the counters meet or exceed g threshold value (step 124). If the
counters are equal to or greater than the threshold, the RNC is signaled (step
126), the RNC then signals the WTRU to adjust the UL transmission power (step
128), and the method ends (step 130). Ifthe end of the time interval has not been.
reached (step 122) or if the counters are below the threshold (step 124), then the
metbod ends (step 130).
-[0036] It is noted that the difference determined in step 112 is applicable
when the metric are logarithmic, i.e., in dB. ¥ the metrics are in pure numbers,
then steps 112 and 114 can be modified as follows. The ratio of the largest
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10034JIf the difference meets or exceeds the threshold, then the CQI is presumed to be valid (step
118). Next, the counters are incremented (step 120) and a determination is made whether the end of
the time interval has been reached (step 122). Also, flow passes back to step 104; the loop of steps
104-120 repeats continuously, regardless of the value of the counters or whether the time interval has
expired. 100351If the time interval has expired (step 122); then a determination is made whether the
counters meet or exceed ( threshold value (step 124). If the counters are equal to or greater than the
threshold, the RNC is signaled (step 126), the RNC then signals the INTIM to adjust the UL

transmission powe;:(,a(\.z;ﬁﬂx e od e ste the end of the_time interval has not
been reached (step 122) o ?ﬁggc%ug]rﬁeg?s%r gect‘ﬁ res ’ig@’gaieflffb%é hfhethod ends
(step 130). (0036) e TAERY 09 é‘?éﬁ%@@@éﬁmmﬁ)-step 112 is applicable when the metric

are logarithmic, i.elQ0ATIB. If tiie shailieSalteaia e U e ReVSIVRR aAtERSnA ] 28Ndgkdicgn be modified
as follows. The ratégtgﬁgmgg ? r{g&ﬁ}gt{ﬁ hcalsgfcfgﬁd Ic%%s% ision m trlc is calculated
(step 112) and the ratio is compared to the thr step fgfeRTteriate method
involving addition dﬁﬂ’r&‘gi Q CHs received, and the number of HS-SICHs that have been
missed over a fixed time period and reporting these numbers without regard to
- error thresholds. This type of periodic reporting would add more Iub signaling,
but would be less complex to implement in the Node B.
[0038] Figure 2 shows an alternate method 200 for determining the
" reliability of a CQI and its application to outer loop power control in accordance
with the present invention. The method 200 begins by initializing several
counters, such as total HS-SICHS received, number of false HS-SICHs received,
- and number of HS-SICHs that have been missed (step 202). The CQI is received
(step 204) and decoded (step 206). For each symbol in the CQl, a decision metric
value is coraputed (step 208). The two largest decision metric values are selected
{step 210) and the difference between the two largest values is determined (step
212). The difference between the two largest decision metrics is evaluated to
- -determine if it is below a threshold {step 214). If the difference is below the
threshold, then the CQI is likely to be in error, so it is discarded (step 216),
[0639] Ifthe difference is above the threshold, then the CQ! is presumed to
be valid (step 218). Next, the counters are incremented {(step 220) and a
determination is made whether the counters meet or exceed a threshold value
{step 222). Also, flow passes back to step 204; the loop of steps 204-220 repeats
- continuously, regardiess of the value of the counters,
[0040] If the counters are equal o or greater than the threshold, the RNC
is signaled (step 224), the RNC then signals the WIRU to adjust the UL
transmission power (step 226), and the method ends {step 228). If thé counters
are below the threshold (step 222), then the method ends {(step 228).
[0041} When the base station decodes the received 32 bit code word (steps
1086, 206}, the output of the decoding process can be viewed as one of N distinct
hypotheses, where the numbell of information bits n is related to M by M=2 (in
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entails simple periodic reporting of the total number of HS-SICHSs received, the number of false
HS-SICHs received, and the number ofHS-SICHSs that have been missed over a fixed time period and
reporting these numbers without regard to error thresholds, This type of periodic reporting would add
more rub signaling, but would be less complex to implement in the Node B. [0038]Figure 2 shows an
alternate method 200 for determining the reliability of a CQJ and its application to outer loop power
control in accordance with the present invention. The method 200 begins by initi jibing several
counters, such as total HS-SICHs received, number of false HS-SICHSs received, and number of

HS-SICHs that h@g@@@lﬁg&@@&&@&ewﬁe{] %If\e/%d t(fro l%g@ﬁi? d coded (step 206).

For each symbol in the COQI, a decision métric value s compu 1f\?voafgﬁrgest decision

metric values are $8HHe isheat atdhneseriatiorapleds m@m@m& is detenrdned
(step 212). The diffedrymbetelphabdicanicangestaaicinrrmasics isavakaiacdeiermine if it is

below a threshoIcﬁzﬁ‘gt%g:g}],ff)I I the differences w the threshold, then the CQl is likely to be in
error, so it is dlsf/%’ﬁ’(ﬁ (step 2I6) [0039]If8$1tla %ﬁerﬁ:e 15 a yove the threshold, then the CQl is

presumed to be tep 218t E@%%@W@bﬁtm@ﬁwetermmatlon is
made whether thenostizkels Mﬂm@%ﬁw@m&dﬂa&uﬁ(ﬁmﬂ&g&me Qﬂ\wﬁsses back to

step 204; the loogoff SLaRSAO4:240 [ERGALS HiR ankﬁ%re %gfar%Iess of the, valu the counters.

[0040]If the counters are equal to or greater than the ﬁﬁ’é"ls S|gna é s’f‘ep 224), the

HNC then signald3RERRFFELS (hisdmetieteein Wﬂ@mﬁ%aﬁmethod ends
(step 228). If the courrerslgeeithaiowhibe shpgsmleh@ten mmmmmqm @@g{,s: {siep 228).

[0041]When the l@m@ﬂ%@&qﬂ@get%fp&%%%d g[h?ﬁ de word 1(s%g %?2 he output of the

decoding process can be viewed as one of N distir pot eses ere e nu information
bits a is related t Vithongifilter for each symbol, w. wherein each symbol has a particular

= waveform (chip/bit sequence). Each matched filter correlates the received
- waveform with the waveform corresponding to a particular symbol. The
. correlation outputs from each of the 82 matched filters is basically a peak
corresponding to energy. A large peak means that “very likely this was the
symbol sent” (wherein a code word is equivalent to a chip sequence), and z small
correlation peak means that “unlikely this was the right symbol.” Then, the
largest peak out of the 82 obtained peaks is selected and is determined to be the
symbel that was sent. Because this is a statistical hypothesis test, on average the
determined symbol is the best decision that can be made. An example of this
process is shown in Figure 3. The decoding process in the base station converts a
sequence of received channel bits into soft decision metrics for every possible one
~out of M CQH symbols. The CQI quality detector can be implemented in a single

- integrated cireuit or as discrete components.
[0043) In general, the information bit sequence (the CQI word) is n bits
- long. The CQI word is encoded to a (N,n) Reed-Muller code, which consists of M
(= 2*n) N-bit long encoded bit sequences. For example, in TDD, there are n=10
information bits, which results in 1024 (M=2~10) possible encoded words of
length N=32 bits each. The process of encoding the CQI on the HS- SICH
provides some repetition, which maps each of the N coded bits into N*4=L
- channel bits. Every channel bit is spread by a spreading factor of 16 (i.e., a 16
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TDD, n=10). In other words, one out of M symbols is sent from the WTRU to base station. The
hypothesis test at the base station selects the most likely member of the M symbol alphabet, and then
converts it back into then information bits that the symbol, i.e., the encoded code word, represents.
100421Different decision algorithms exist to determine what represents the most likely received
symbol, often varying on what is known about the symbols. For example, if it is more likely that a
particular symbol is sent, then incorporating this knowledge into the decision algorithm provides an
advantage over an algorithm which supposes that all symbols are sent equally often. To further

illustrate, in the F ety the decoder can operate like, 32 matched filt ith ong.filter for each
symbol, wherein Eéﬁc%cﬁ%%%lﬁ as ass%gr%ﬁ%mave ?Pnlt(csﬁ)még u'enc(z{;i.)é;%:{;ﬁemgtlched filter
correlates the recEetiy#EpeRlFeRitHedesiparR7A0 RRerssMavisn rpeeding anttuad@ymol. The
correlation outputsynel2s ¢-aide WRInsbhke ok figimisPasicameppRaloruresinadiin to energy. A

large peak meanslggﬁo'yaelgﬁ PS%GIJ‘%&%&{%S(:{E%)S m! ol sent" (wherein a code word is equivalent to a
chip sequence), and a small correlation peak’ means tffat "unlikely thin was the right symbol." Then,

the largest peak d@félthe 3226 hefeodsiibiaths srtiwordd xandize, daratbptndrprobmebdimymbol that was

sent. Because thigcigeaeindishicakiy/Ratmsipriasht dhavesadsdbadateatinreaobalds the best

decision that can Rgtﬁwgge. ’.\RE%.&%’RPA%QHQS% roa%ﬁ%ss ‘i;gshovggm inOFi yre i Thﬁ glo coding process in
ceorr G ChaRRRT BT Sott

the base station converts a sequen ecéelve eCision metrics for every _

“possible one out AT RRSFHERasfonihe choitepinarpmetera b rad ANpdetarpliningite saloatingle
integrated circuit gifositcsaR:q0 tapar@nis{ORduaRRIat-thamia pration hitamence (the EQI
word) is n bits lopg. The EQ1 word iy encaded to a (N,n) Reed-Muller.code, which copsists of M (=
27n) N-bit long errmic%r e %e%uené%. %%gg%%ﬁeﬁﬁﬁ,ﬁg%r&g??%m%n bits, which
results in-1024 (\epkiie)usedsthieperiiodrradingechitmrythe @82 ibits isavhsighifismdcass of encoding
tlf;]e CQII En thE |IWWHW&W%WWW§%%%E@%% Qﬁﬁ'%glebﬁs into N;F'-
channel bits. verﬁ changel bitis sprea a spreading factor o is., a chip long spreading
sequence), resulti m%%é%%h?ﬁ%ﬂﬁ%@?ﬁg QI word is generally encoded using a (32,10)
Reed-Muller ened&gﬁland n Steys, W0-nnP 182 oL Fjgere Vismst stenss230 gadctblinf Rimmathe principle of
. thel_method is ﬁlswﬂ&bﬁ%&@@m&?%ﬁa@wm@mSWQﬁ%ﬁﬁmeﬁm shgArt \;_VOl_Jldd
realize, any other t n glng,s&: e used, an resent {nvention. is not limited to
the schemes set #ﬁ%r@fﬁg nar ?&é@%{%’ ; e%%&fﬁﬁﬁﬂéiﬁ?@ém ’b%‘%ﬁ%t%%ﬁ coding theory
and existing for tHbecErsRiesd pdargens WecisivaneeNicde thersintongdi greatistobirtlor diffiomeits to coded
ch;m nel (lj)its wouR fﬂe@ﬁ@g’ﬁ@%ﬂiﬁmﬁmgmmmaﬁf %Mﬁ?@ﬁ%ﬁ&ﬁ%fdﬁhﬂ (SI\(TCC)’nbd _
order code or a -Solompn code could be used. The particylar codin eme on the (N,n) bits is
not significant, as%sﬁm%s ef‘)e deeoderean beré%ﬂestﬁgﬁre%uaég%ﬁ)%ﬁ%%ﬁc%ﬂeg%nd every
symbol that can'*@@%W%ﬁﬁ%%@@ﬂ@ﬂ@l@@rﬁ@u@ Tadd beeps 210 and
212 of Figure 2 expressed as R = Puw/Psecond or 10g(Pras/10g(Poecena) 0r more generally as

' f(Pwas/Feecmd). Another proposed method of determining CQI reliability is the

ratio of the energy of the greatest decision metric to the sum or a weighted sum of

the energy of the set of M-1 other decision metrics. For example, P; (i=1...82) are

. values of the observed peaks at the output of the Reed-Muller decoder, Py is the
maximum P; value, The measure R is expressed as R = Prac / (£ P - Prax).

{00486} By comparing the soft decision metrics of the decoded CQI symbols,

-the base station can employ a simple threshold-based decision mechanism in

.order to decide whether the received CQ1 symbol is likely to be or not to be in

errer {steps 114, 214). As an example, if the difference between greatest and

- second greatest meiric is less than 1 dB, there is a very high probability
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represent one possible method to determine CQI reliability. Numerous other methods for determining
CQlI reliability are possible. For example, the ratio of the greatest or largest decision-metric to the
second greatest, or the difference between these two metrics in dB (10 log (ratio)) maybe used. To
illustrate byway of some simple equations, if P. denotes the value of the largest observed peak and
Psecond denotes the second-largest observed peak, the ratio (R) could be expressed as It =
Pmeasecced or log(P.Flog(F.04) or more generally as f(Pmaawm1). Another proposed method of
determining CQI reliability is the ratio of the energy of the greatest decision metric to the sum or a

weighted sum of %ﬁgﬁﬁgé@&%%%l&%ﬁﬁﬂ%uer decgﬁﬁ%ﬂ%ﬁ]%“i&b@ 1-32) are

values of the obsefved p at the output qof the R er. P. Is the maximum Pi value.
The measure R |§"€%‘i’§9 gHiepsncs TRpps ey 6O 5 RSy T SPTRE B RS EREHN metrics of
the decoded CQImyhabiiy wfdla (it tediog Taeramployrafemed| esilye ion mechanism
in order to decideyuhaties-H R eoaivache Rebabine) it Hkelhdn DY NG ReaE: teps 114, 214).

As an example, |t‘61§ difference between greatest and second greatest metric is less than 1 dB, there
is a very high probability (typically, greater than 95%) that the CQI |s in error and the CQJ should be
discarded. Other B#ience Vi ssempy dithe S relidbiitodatsg kv fetrpaabadility, of the CQI

being in error. A @éﬁ@g@%@mmmm@%ggewg | BE.%Q bility of the CQI
being in error is suffjciently high. 10047]An exa g?e of the %g%é%%ﬁgﬂoﬁg%n metahod

performance in 1Pl S oFiEres s ﬁ?‘tc? drsde eraphs dor SRy A BBRgures 4 and 5.
Figures 4 and 5 iNG#e>gh@BhBER;, Bé&éRtedtSHAH,) Dajd@H - SYRCHLRE FrehAEHd > ASAnBEE, rejected

CQls, rejected CQug %am@rmg@%e%%ﬁsﬁga%emgmwﬁﬂ'%@e ggehs also
include RMF BE%{’"{QICh %t{\te first bit of h%t{%? g CQI word and indi¢ates the Recommended

Modulation For wpRspietMudylatior The RTBS
includes the othdmﬂm@%m%@mhwmeﬁmmwmﬁmﬁmmded Transport

 Block Set, Wh'ChIﬁ‘ﬁ@:ﬁ&ﬂ&%@tﬁé&i@t%ﬁ@ﬂf&lﬁa@o@ﬁiﬁé%%%%ﬁ%&ﬁl kdhghthe WTRU

recommends sho d be sent. The graphs show the word error rate (WEE) of these nine bits, which

indicates the pro Bithek st R Rsibemwm Sf‘ff%ﬁ%‘]'?ﬂ@f‘éllowmg
observations mawﬁémﬁﬂ@ﬂﬁﬁﬁmmﬂ&hﬁdtﬁaﬁihmm&ﬁ%ﬁiﬁmﬁ slagikide dagshold is at

0.1*signal amplityele 2 heAulP iR DdRIgH 2 LR (REifsr dSNANaRISSAR0A NI gﬁat% correlation

peaks less than | dB away jn amplitude; 3) erroneous s can be readlly detecte d 4) the ratio of
"correct CQIs fal@éﬁ}’?@]@@t@ﬁ“ the ta5e githe S hityje LM scaled to meet target errors.
[0049]Thus an infgesyed CQhkchllowilipgtisermatiensassytite madedroscfifures 4 and 5: 1)

the ACK/NACK soft decision threshold is at 0.1*signal amplitnde; 2) the criteria
to reject a CQY mdudes the h;ghestfseoond highest correlation peaks less than 1
dB away in amplitude; 3) erroneous CQls can be readily detected; and 4) the ratio
-of “correct CQls falsely rejected” to “wrong CQIs not rejected” can be easily scaled
to meet target errors.

10049} Thus, an improved CQI field coding is made possible by the use of
the present invention. Under previous methods, when the HS-SICH carrying the
ACK/NACK and the CQI was received, there was no means of knowing if the
received HS-SICH fields (either the ACK/NACK or the CQ)) were received in
error, because there was no CRC. If the ACK/NACK is received in error and the
Node B does not realize this, the Node B could, for example, refransmit a packet
that was already received successfully in the WTRU or discard (not retransmit) a
packet which it should have retransmitted and WIRU waits for an extended
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the present invention. Under previous methods, when the HS-SICH carrying the ACK/NACK and the
CQI was received, there was no means of knowing if the received 113-SIGH fields (either the
ACKJINACK or the CQI) were received in error, because there was no CRC. If the ACK/NACK is
received in error and the Node B does not realize this, the Node B could, for example, retransmit a
packet that was already received successfully in the WTRU or discard (not retransmit) a packet which
it should have retransmitted and WTRU waits for an extended period of time for a packet that will
never arrive and memory stalls. The CQI reliability detection according to the present invention allows

the Node B to indicate which received HS-Sltftis are reliable,and can take approprjat tions, like
retransmission. Al o,rﬁ%g\l_lgﬁneﬁg ?og%:n%ﬁ?gk}%%g%gkﬁ{/%ﬁ%%%ﬁ%ﬁlee%g%gg%épn{%&%ed) that the
HS-SICH is reliablEelipbili{s deiantioneeagartingotocthe noesen b inkghton RUTHEShedipdetRatthe WTRU

must transmit at a iigieste RANBIBEaLES-EICHE BRI JsfeRak bay eaugh-epmiak aBghig be able to
maximize coveragﬁkéhr% WTRU's.tra%ismissiorhgotwer must be su f{%e&uéfé?fglﬁe% e average HS-SICH
MR of 01. The propose&xé@i renanil y Qe &tion n%eeﬁﬁ'ﬁ%ﬁ Vife & K ?é’Bfﬁ‘fing the CQlI,

the means of trackifigareceiva®rihacihsFSHAE invehialde e FISHICH/IREs smbletheseivedns to adjust
the power settingsa{QOSEIFSNRETRIBRALHE tRigbikystecicRrRalascakalsmbeHarg. o provide |
indicators to the HSDPA b%seﬁtﬁggndand théa RNO on HS-SICI;%EEFC%—( erformance and CQI
reporting, to alert t & EDPX Dase sta‘%%nn%alﬁﬁeeleﬁ‘}lmé)’rmay i &ri6r t’fﬁaﬁ’rgﬂzﬁossible to
“alert, through a m&ssEgesHmWHEH s rapsipission pavsy tumtd4nGrisget thobebthe avetagrk interfaces,
that the delivered EMMW@M@@W@M%&@M&H@UW&W received
HS-SICHs receivelgufég@ %gartic%l% T%rgéw%e declar%d in error_based on CQI metrics, how many
total HS-SICHs wére received pvar he sante f &E&ﬂ%ﬂ,%ﬁ&?ﬂﬁ%mé@@féﬁ?we declared not
to have been sentPatan settmss iyt WA suddhe merha berndilyiibepowidedtinge CRC and which

now are possible goustp the Gk eiiakiity testaRsRlH ISRl EACSRRIARISRIB05LIAGGOrding to a

- particular aspect of the in.v%g

occurrences of thé %odlrﬁ%énr 6&%@%&%@% |arei5%cl§?ef§?it§%t%‘eﬁ %gf%’rr}g%?%ﬂ}c rf%cfe 1o define
symptom-free rec&BtifAd nexformanpornt GQR xepating iR lérd sleddiSBRAboessivkod thd5-SICH
messages withoukRefigyr o pedasesanaH 8eoL 30 R2tdp A ERne o B RrbiEr S 1REENRGGMber of 0QJ
failure indicators the HSDPA base station to the RNC via the Iub/Tur network interfaces, that the
-delivered SIR may be inadequate. Simple statistics are provided, such as how
many received HS-SICHSs received from a particular WTRU were declared in
error based on CQI metrics, how many total HS-SICHs were received over the
same time period, and how many HS-SICHs were declared not to have been sent |
at all. These are functions that would normaliy be provided by a CRC and which
now are possible due to the CQI reliability test based on soft decision metrics.
[0051) According to a particular aspect of the invention, new messages are
added to the Iub/Tur network interface to define occurrences of the number of
failures of a transmission and the number or occurrences of symptom-free
receptions, i.e., to report that a given WTRU has sent X successive UL HS-SICH
messages without a failure being reported.
[6052] Upon reception of a predetermined number of CQI failure indicators
related to a particular WIRU or HS.SICH channel, either the HSDPA base
station or the RNC can take appropriate actions, such as changing the power

control parameters for the WITRU or the HS-SICH channel, or discarding CQIs
.19~



related to a particular WTRU or HS-SICH channel, either the HSDPA base station or the HNC can
take appropriate actions, such as changing the power control parameters for the WTRU or the
HS-SICH channel, or discarding CQIs and using previous CQI reports for DL HSDPA transmissions.
In one embodiment of the present invention (shown in Figure 1), counts are taken over 200 ms time
intervals. In each frame (which is 10ms long), there can be at most one HS-SICH received from a
WTRU, so therefore there are at most 20 HSSICHSs in 200ms. All counters are defined from-0...20
(total received HS-SICEIs, false HS-SICHs, and missed HS-SIC His). [0053)Even though the

examples given abgyeafgdiseGRadodtP DRAHR Du VAR IS agualivaRRliGablg to HSDPA FDD
and other modes of 5r$[%smlsstﬁ%for obtaining improved NI reliability detection and improved outer

loop power contrdt. W& SRoB havm dudigrie dh GorriRRRe thkeR ¥Bwn and
described, many @{duititreristermilsahatimhsieod dwiddndtihg hae)sthbadeim thentsiosithout departing

from the scope ofghie HISMATedlifea 2E HSPIHRIAN TRENERID WS Ale ANdAPLlAhe particular
invention in any CLAIMS: 1. A method for determlnln a channel quality in a wireless
communication s ﬁf; counters are defined 20 (total received ICHSs,

false HS-SICHs, and raissed HS-SICHs).

{00568]) Even though the examples given above are directed to HSDPA TDD,

the invention is equally applicable to HSDPA FDD and cther modes of

transmission, for obtaining improved CQI reliability detection and improved

outer loop power control. While specific embodiments of the present invention

have been shown and described, many modifications and variations could be

made by one skilled in the art without departing from the scope of the invention.

The ahove description serves to illustrate and not limit the particular invention

- in any way.
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receiving a high speed shared control channel (HS-SICH) transmission; counting a total number of
HS-SICH transmissions: counting a number of failed HS-SICH transmissions: counting a number of
missed HS-SICH transmissions; and periodically reporting the total number of HS-SICH
transmissions, the number of failed HS-SICH transmissions, and the number of missed HS-SICH
transmissions over a fixed time period, whereby the reporting is an indication of the channel quality.
2. A base station configured to determine a channel quality, comprising: a receiver configured to
receive ghighsgeed shared control channel (FISSICH) transmission: a counter configured to
count a total number of HS-SICH transmissions, a number of failed HS-SICH transmissions, and a

number of missed HS,S| Gl dapsmiasionsidnftining 'ePOMMAARYICGcaRDUEA 19 Periadically repor
the total number.of I—!SSICH transmissipns, the number of failed HS-SICH transmissions, and the
number SaIBdaY: HBS KT transomasionawver a fixed time period, whereby the report is an indication

of the channel I 3 1 I i I ity, comprising: a
receiver configﬁ%%#%nfgege}?\%%%ﬁ%ﬁl:%%%g (Zﬁg?‘gégfgtr%%%ﬁ[%g%s ICH t%%%%ﬁ%s’ion; a first

counter configgrathtenebatotatoraiombenisd 166 1SRG kFRRanssissions; a second counter configured to
counta numbe@o?fxf@fxllegd aHxﬁi%II%@ SRHSERISICH transmissions:

counting a number of missed HS-SICH transmissions; and

periodically reporting the total number of HS-SICH transmissions, the
number of failed HS-SICH transmissions, and the number of missed HS-SICH
transmissions over a fixed time period, whereby the reporting is an indication of the

channel quality.

2. A base station configured to determine a channel quality, comprising:

a receiver configured to receive a high speed shared control channel (HS-
SICH) transmission;

a counter configured to count a total number of HS-SICH transmissions, a
number of failed HS-SICH transmissions, and a number of missed HS-SICH
transmissions: and

a reporting device configured to periodically report the total number of HS-
SICH transmissions, the number of failed HS-SICH transmissions, and the number
of missed HS-SICH transmissions over a fixed time period, whereby the report is an

indication of the channel quality.

3. A base station configured to determine a channel quality, compriging:

a receiver configured to receive a high speed shared control channel (HS-
SICH) transmission;

a first counter configured to count a total number of HS-SICH transmissions:

a second counter configured to count a number of failed HS-SICH

transmissions;
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a third counter configured to count a number of missed HS-SICH transmissions; and a reporting
device configured to periodically report the values of said first counter, said second counter, and said
third counter over a fixed time period, whereby the report is an indication of the channel quality. 4.A
wireless transmit/receive unit (WTRU), comprising; a transmitter configured to transmit a plurality
of high speed shared control channel (HS- SIGH) transmissions; a receiver configured to receive a
power control command, the power control command being derived by counting a total number of

HS-SICH ranspissiane. SoUNING AAUTIEE L1 G1eg,HS; SICHTARRINISSIPns, coutinga ajysgber o
res

missed HS-SIGH transmissions, and paring the counte values o a pre etermlne Id; and

a transniissismpssiersdjusting deV|ce conflgured to adjust an uplink transmission power of the WTRU

based on the PRVYEE CO{%H&'&Q@JE aconﬁgured to periodically report the values of said first
counter, said second counter, and said third counter over a fixed time period,

whereby the report is an indication of the channel quality.

4. A wireless transmit/receive unit (WTRU), comprising:

a transmitter configured to transmit a plurality of high speed shared control
channel (HS8-SICH) transmissions;

a receiver configured to receive a power control command, the power control
command being derived by counting a total number of HS-SICH transmissions,
counting a number of failed HS-SICH transmissions, counting a number of missed
HS-SICH transmissions, and comparing the counted values to a predetermined
threshold; and

a transmission power adjusting device configured to adjust an uphnk

transmission power of the WTRU based on the power control command.
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