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METHOD AND ARRANGEMENT I N A COVMUNI CATI ON NETWORK
TECHNI CAL FI ELD The present invention relates to
worzgedises1and arrangenents in a conmuni cati on RETEPROOS/003533
and nore particularly to a downlink out-of-coverage
detection and reporting of tm out - of -coverage to the
net wor k. BACKGROUND OF THE | NVENTI ON I n E- UTRAN
Ot hogonal Frequency Division Miltiple Access (OFDVAR)
METHOD ANIY ARRANGEMENT! INCA COMMUNIC ATION/NETWORK
nodulat1on schene 1n wnich the data to be transmtted
is split into several sub-streans, where each
sub-streamis nodul ated on a separate sub-carrier.
TEempacAD FIEDDA based systens, the available bandwi dth
s sub divided into several resource blocks or units
TAS pf&fehﬂladentfoﬁrrelemrtblnﬁethd)d% a?ﬁFé?raT\Beﬁﬁzn&]m a dolﬁhysrilicaiion

ects .
e et fofe PartBupmb A SRwnins cybefGE4 s it elob 3 repating o
trfer@nwewac\yera@@mdmmdrm the current assunptions, a
resource block size is 180 KHz and 0.5 ns in frequency
and tinme domains, respectively. The overall uplink and
width is as large as 20 M.
UTRAN In E-UTRAN t he user

UE i T .
%@%aﬂ@wbgﬁp@ A R B PR 6P B0 i8R0y i
usesiothe dowalirkg OFREN dmmyjulated)raismmalskmldumh data to be
tr%ﬁ%ﬁﬂg{i 'isg%]péi_t .'?@;Q&éﬁél suB%Weér‘?\E O\Phé’i‘g%taER Isub %9@&?% h%@ulated ona
separaieclibenzrridry Hehee MEDEWAUnaeed: Restens, tqg alvaltqble bandwidth is sub-

d.v%%d‘?@%a%r v%r%e)sbm%grlgrg%?% oﬁﬁr‘ﬁ{f‘s' é’se&’ef%g% F eRdrhEgh IfBGPP TR

carrrer ference
2p B %RQW)LachAs;&MmfooEleV@SQTRéamr@m © tmsedoggrment, a

F?S%gk{éemé&flgrdgpﬁeed éﬁj%’g{hrﬁe am lfrgglflgfll’CE %\é(gﬂ ?Irﬂgg{l g'%cc;"l;‘ﬁr ent ‘

once ever -carri
adsumeptions Fo respnmlea‘am FRSHP 180 (KH2QINAA . & meeiadigaeeneynand time

d%ﬁglnabie% &Sly%‘ﬁ? %‘{ﬁ)lnﬁra mqnlﬁn% 5Sior? B2havABth is as

nclu e synchroni zation
larpeaan @D Ml$CH) and broadcast channel (BCH).

Downlink Measurements in E-UTRAN
In E-UTRAN the user equipment (UE) is required to perform different types of

measurements in order to facilitate many radio resource management (RRM) related
tasks such as scheduling, handover, admission control, congestion control etc. Some
typical downlink measurements carried out by the UE include channel quality indicator
(CQl), carrier received signal strength indicator (carrier RSSI), reference symbol
received power (RSRP) etc. Some of these measurements are done on the reference
symbols, which are transmitted at least once every 6" sub-carrier in the frequency
domain. For instance RSRP and CQI are measured over the reference symbols. Other
common channels sent on the downlink in E-UTRAN include synchronization channel
(SCH) and broadcast channel (BCH).

Some of these measurements especially RSRP, which is based on long term
averaging, is used by the network for coverage triggered handover. In other words

RSRP could provide information related to the cell coverage.
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Sone of these nmeasurements especially RSRP which is

based on long term averaging, is used by the network
WOf2008/13623¢r age tri ggered handover. | n other woPd3/HRIMIB/003533

could provide information related to the cel

cover age. Packet Oriented Trangmi ssion in E-UTRAN The

E-UTRAN is a packet oriented system where all type of

up| i.nk and, downlink tr 1 ssion including data and

Fee il 15810 vi ared channel. The network

TheE-UrRANIka métrdrlenced%ystéhe wide all m@ of @bk dnd downlink

resources or .the so-calle duI|n r ant
B IFE0 RSN Sa BTG SATRIRG TR RS G B P 08 . The network
hal ltﬁéﬂfuarcentaa@venmd rta@iotahe nefvdk réh@trm@ dam So-cilRdas¢Reduling

it ht be po rtl - ful n .
ey 128 rarRHIe Bipeky. caestiton eaing, Subikamss dbr VARR 4 gesigned
t® theCWE oh Geimaparbagi Howeaésrun ﬁn@ﬂtberpw@ubtes paMGHfuuy, to pre-assign

Transm ssion in E-UT om access

"H‘é‘§a&”&’f”2\° rmow%ﬁawgﬁs&@ﬁ@f ‘ée”e]‘?mtytpﬁé’fic'ﬂ?@ﬂ p%@ pRasurement
réfortst ansm ts a randonly sel ected signature to the

network. In the subsequent procedure the network

responds to the UE with an uplink scheduling grant

RAC I Trarsmissish IE-UTRANE to transnit further details

elated to t ction, re st, The t ansmtt
B Esor TN SRSLRT A To e ogRATF B Re fi5bftep the UE
tahsibis dragiien|s sgkeredaignatire tditheletwiark sinrthé subseaueet macedure

[ ink schedulin nt. wthin a ce
hEhehrgesaris € o LB 2oSehiBh Bei s pschy the
UE teetvansatidortheradetsls réBid tattheogrineciidrereguest: f r equency
resources where random access may be perfornmed are
announced via systeminformation. One random access
Top s titteldyseqoendesis eardua)ly cisosen@it bHan awaileblefpooesiois ardque

bl ocks C rised of 18 n,the fr u

sRveEs- EE WEEPRE pd(sdle 37 RatiesshBe RS SR BHIRTY cagein tme

itragddrely spleetsth new signaturé sequeane und perforsnsugnéw ramdom access

Eiﬁ rk tv\,het her to schedule other data in a RA slot or
aUSHR" net work thus al so controls whet her RA

transm ssion is orthogonal to shared data transm ssion

T?\e tume fre QJency res%%rcers% rgpann%%ﬁ)'\t access may be performed are
announced via system information. One random access opportunity (or resource) is

1.08 MHz wide (6 resource blocks, each comprised of 180 kHz in the frequency
domain) and lasts for 1 ms. Multiple RA opportunities may be spread out over
frequency. It is up to the network whether to schedule other data in a RA slot or not.
The network thus also controls whether RA transmission is orthogonal to shared data

transmission or not.

Qut-of-Coverage Concept

An explicit out of coverage concept is not specified. However, similar concept called
out of sync is used in the WCDMA. In WCDMA the downlink power control is
mandatory. This means the base station adjusts its downlink transmitted power in
response to the power control commands (TPC) sent by the UE. In case of out of sync
situation there is a risk that excessive power up commands may saturate the base
station downlink transmitted power. Thus the main purpose of out of sync in WCDMA is

to protect the base station from transmitting unnecessary high power. In other words
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An explicit out of coverage concept is not specified.
However, simlar concept called out of sync is used in

wWot2aes/MEDVA. | n WCDVA t he downl i nk power cont r @CTIEP2008/003533

mandatory. This neans the base station adjusts its
downlink transm tted power |r13response to the power
control conmmands (TPC) sent by the UE. In case of out
of sync situation there is risk Letsé’f'? cesswe

whgn UGBS IS igpoted Hedase Statiop siseb RORRFOROT A least

sﬁﬁrﬁﬁ%’ﬁbﬁé 188 reNRId TG EsmiiiRdE oM tAYIUED SReQfenekal céicept of out of
sync in WCDVA is to protect the base station from

SY’P%%WPP%'FH@SQIWQG’@%W hi gh power. In other

wor dswhen out of sync is reported the base station

di sabl es_ the UE connectjion or at t s |gnor<?
Thadt BEBE GOV SRBRLIIDSR 4 HUCDIE meRRTEPREFHINa (0.0
r&TeRmeObr piotQ a%? |5me%sma@@mowmmdqsémy @%lﬁ@bﬁm ahhe
UE nonitors i nk channel ﬁ)é’al it

ageapiakie Aualty gmgjﬁqut() Ve imepe, Hdaut nes tﬁsi}%we@ﬂaﬁ gyt-of-

cbver&@@ toe ﬁsl F\@ﬁérqué?QWb ' IB}ferq}Jé\'I RFW) fh%'ﬂ@jhrkﬁ\ &ﬁldﬁ-\ﬂo@é}age
accep qual I l}:'é t1ne

P('Wima) Subranieny h@}@bh@f%ﬁ@&%ﬁé@@&%@@ 5 fework (e.g. RNC)

thHt PREOE| RYSES 14yRer Bras iR MRIedD Uof-Beradd) TR Gl hviddtk then takes an
out-of-coverage primtive. Subsequently UE hi ghe

apafperiate MeAA? 8Ughas ShangREOMHIROR TSP R an VefRﬂ@ygest'On
cbh@dl ke UE physical |ayer has detected

out - of -coverage. The network then takes an appropriate
nmeasure such as change downlink power offsets,

ShRRARY BbwniirkNa8RtdoRBitieR %ﬁr@be@%nc@trﬁ% ahe rﬁ@w kd metor
radio condition inproves, hence taﬁ UE al Sﬁbnee

dRBRiTkahaaBekAUAH WieaRAN #ata Fhopt-ghetverags: methi Siielidh i the UE

d@t@cts‘%ﬁaﬂﬂé B 8ted! ddwnhie gSdlityRdd Bdtohie gr’ééteUEad\&Irﬁﬂteﬁ threshold
hat the esti mated downllnk%gallt has ;?Englg ? h

(RnEoVesAGeIRE IO HmalRBI UBipreirdp-coleradn s to Bioheriayers throug

phhﬁawet B@béélauémgoshbw RigheVIayérs ifoen tHesndtverikanat! .ems.can layer
hrough primtive. Subsequently the UE higher |ayers

h?ﬁﬂ@leﬁ{eth@ CR¥?'RBFk that its physical |ayer has
detected in-coverage. Qut of Sync Concept in WCDVA As

st at gd agove no Zﬁl [ gi t out-of-coverage concept is

' m |l ar concept called out-of-sync
Agseewea laBEvePh® eRSlid S ut- Sf-datﬁ/fefhgerbowm seaifledt Howevdresimilar
cHﬁgq?pt 'Sg}ta ! Ic?uq otf rs%]c?c’ rne1pt0|t't|%g prcgcoeré]uger 'gr&%emd fnt W‘E:%MIR I?oe Sre %ec?'{r}/e base

station transmitted from transmitting unnecessary high power.

In WCDMA downlink out-of-sync is specified in the specification document 3GPP
25.214 “Physical Layer Procedures” and is briefly described as follows:

The UE estimates downlink channel quality, which is expressed as transmit power

control (TPC) command error rate. If the downlink quality is below specified level (Qout)
over T, the UE reports out-of-sync. Typically out of sync is reported to the network by
the UE if the downlink measured quality in terms of TPC command error rate exceeds

30% over 160 ms measurement interval.
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In WCDVA downl i nk out-of-sync is specified in the
speci fication docunent 3GPP 25.214 "Physical Layer

wOoRp@cBses” and is briefly described as fol | ®G8/EPT#08/003533

UE estimates downlink channel quality, which is
expressed as transmt power cpntrol (TPC) command
error rate. If the dowlink quality is bel ow specified
| evel (Qout) over Tout the UE reports out-of-sync.
Singpi 104 syMBandsaressant op ORCHH Pt E@R%.tthereffgeﬁ RutiRf sync

clitBRa ldbdskdlonané ausibhtel cRBRselri’d o WH $detificithbRRETBAR bverview of
C conmand error rate exceeds 30% over 160 ns

TP

theeqis of syperroseruEs (RVCEMA is demistedinfigvR Tare sent on
DPCCH or F-DPCH, therefore the out of sync criteriais
Sbased c%n he dedi cat ed chanel i.e. on UE specific

AYA

-ut of sync procedure in

I%@Mﬁct@n %me%r‘ﬂ%d' sﬂ)nﬁé BHoPtaht sceRamey b@tuﬁ%ns@ﬁer@fexphcut
Coverage in E-UTRAN In this section we described so

CoYRIB9Y iRne Inclicatian isgieesied by thmPeRE. wavateSBRIe T Phsuch SGenarios
afoverage loss indication is needed by the network.

Some exanpl es of such scenarios are: - E-UTRAN

coverage border - Poor coverage at the junction of

i rregUPRAQRLleagé ®ordepver age Border Scenario: Limted
E- UTRAN cover age | n,  sone hi vicinity may
iregaiangel

r esuPPof $PVEERAS 3 JRe IMBEHRTL Sh"&§ easily lead to
a situation where a UE | ooses coverage when novi ng out

of the E-UTRAN coverage borders. An explicit coverage
qoéﬂ‘érégPrﬁ(?l“l"dEAcﬁﬁa”% this scenario woul d make the
network aware of the UE coverage status nore clearly.

Th|s the network to inprove the covera

Limteg g AN Cop i apmiecl PRsREviEHtY broy aSaiy b goverage
bﬁmﬁgﬁﬂfls h@?hﬁb%@éd ttcﬂgl sttdikﬂloﬁtvh%re balEiloosestmrajeamhen

coverage, | o icte he, cov
VR 21 B TR R BRSSP E GXGIE JoLSIaR lpsggndication n
thie b eriafio tWoliRi m_braéEmynmwkrsgvanebmewE es\@uagestatusonsre clearly.
The a1 T do faPisye 1o GPiber BoeS g ohmeloxing sutable
réﬁlé résy)pftfé rﬂéndgéﬂﬁirit werhniqblesvdrethe dIHim'rrﬂndraecam&étera&ioverage loss
as deplc edeb tF\e coverage E)rs %rlterlg%toglﬁ a%v%rtﬁe network to drop such a UE

well in time thereby saving network resources.

Poor Coverage Areas:

E-UTRAN like any other cellular network is expected to offer ubiquitous coverage in all
types of locations. However, there are at least some inevitable coverage spots, where
good cell planning is very hard to realize in practice. These areas could be found at the
intersection of very irregular cell sizes e.g. cells encompassing hilly and skyscrapers
within a congested metropolitan region. Consistently ensuring good coverage in such
awkward coverage spots could drain enormous network radio resources. However, an
efficient radio resource management mechanism couid react and improve the coverage
on demand basis by allocating more resources etc. The realization of such a
mechanism requires explicit UE feedback when its coverage falls below the desired

level.
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good cell planning is very hard to realize in
practice. These areas could be found at the

WOi20e821388¢t i on of very irregular cell sizes e. @CTHEPR0S/003533

enconpassing hilly and skyscrapers within a congested

nmet ropol i tan regi on. Cbnsistqptly ensuring good

coverage in such awkward coverage spots could drain
enor.mus netmork radlo resour.ces. However, an
Lig : 208.:P8 3R rent mechani sm coul d
TF\@@E reﬁBQed méé&Yr@nfeh% Q@M%Wﬂl’l’h E—QHERKN h’@?llﬁphblﬂy deplct the
al l ocating nore resources etc. The reali OFE ﬁ
C%V%§H1U§rﬂf thegdF r ldewevss 3 ’{‘e%E"?’@EEFU%\?JR mgﬁ%ﬁ s iHita to o
cERME FrivtiMuhtepdriinglvaiel B@ desd r1ad des. eﬂov&év@r timbiEHowfof
Implicit Coverage Loss ndlcatlo orted
CONSHRIR TIRBATIES LTReARI PR 91%@&%’ q'w& beepyY g the
réiRRing rah§& |@0Hﬁlbﬁﬂﬁvéittﬁ’édlﬁe%miﬁlﬁn k@ortbb?éﬁ)é&fe, IrBéwse the
neasur enent |nclud|n8 RSRP is Iim a certain

t
SROTPHGFIEEUD ST PRI &, 10 D TEml hemeo i rputs =
|owr Patdes WtuldPdb i iABEr amaéryw éh%aﬁﬁmrﬂ?dncertamtles This
urqg

skepaHEs How sikrsres wrarich

duarfiyahe Soetant BRoThES Rrse derering the

re?ﬂatteﬁ tvahlb%g/rﬁ% Urelidble. Gﬂ?%*ﬁ‘:letuh merisi %ﬁélﬁrﬁﬂah@eﬁsg €olely based on the UE
urt her exten el ow

"}eééﬂ’ef@”éfeﬂ%%‘g &5?@(3%5 LEEAIRY °8%?ﬁ“é$d§?9§/thﬁng‘8r[g€fsa%§ of

cy®Irige af @R, measurenment uncertainties. This is because

at | ow neasured quantity the uncertainty becones

| arger rendering the reported value highly unreliable.
ddea@eelmmééﬂ@aenacbémm&maasctmol ely based on the UE

t th t
T S1S0e OB Dol B BB st
td UB) B@ddnﬁm; Mréth@lhﬁ:W@DMEQWher@td d&mémed)txbnr@fctlmbsenagamed
1 ol atIR By es O BSra I PBIor diy BRI FenpRAe doRink

rehgine uareaeﬁbm@tlﬁﬁ lODRABlQiriI)Oﬁhared ofedrmiebiis s dld fdrhfpluhlEamdﬁdownlink

ab t d t i h
T ROBCL B SRR P P P P SRl BB RS . s thus
ubtikdiyRABL VE liry ESUTERAN wilhbe able to sonnscﬁl;* récmve.laxhy sdhedalthg grant or

downlink tra sour ar.e C
rRPUrRAER R RO SR 15 20} & OPRT=BE yeort Thg R Fren
WoRBMApproach-is JEBA\Kkely td work imBFETRANCOrrectly receive

any scheduling grant or resource allocation fromthe

network in out of coverage situation. Thus the current
Coverage Loss Criteria based on Dedicated Reference Signals

The existing out-of-sync procedure in UTRAN takes into account only the DPCCH or F-
DPCH when estimating the downlink channel quality. As a consequence the downlink

channel quality estimate is done on dedicated pilot bits and/or TPC commands.

However, it has been evaluated that downlink channel quality estimate based on both
dedicated and common pilots leads to better out-of-sync detection by the UE. The
possible reason is that dedicated reference signals or pilots used in WCDMA are power
controlled that does not provide the actual coverage status of the UE. The aspect of
using the common reference signals to detect out-of-sync or out-of-coverage is not

used in the existing system.
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WCDMA approach is less likely to work in E-UTRAN
Coverage Loss Criteria based on Dedi cated Reference
WO0gEbzs1The exi sting out-of-sync procedure i RCUERANS/003533
takes into account only the DPCCH or FDPCH when
estimating the downlink channel quality. As a
consequence the downlink channel quality estimate is

done on dedi cat eg E: gt bits and/ or TPC conmands.
dH al uated that downl i nk channe
ty estimate based on both dedi cated
'rbi%recw%fefr@ gbeg "rféﬁ?@rdqwn"nbpugeo}r?%f@esé@?e&ﬂow%sd on

nieu_ésur-érﬁénpawé Flh t@omé@&gﬂ}ndrﬁcﬂahaéls dach agBeH, R:Gfrﬁicﬁﬂleﬁeéence

signal s or ots used in e power contro i

SGnaP. oetionlatn Sors o hamBbeians el dgandiet sBbediment rs

bh&&d &iFthe [ddenbasdtiof lof @hy bét dT GoinhonaefEmdite sigriieatdededicated
nal s to detect out-of-sync or out-of-coverage is

rerf%ﬁge”fi%é@”?ﬁ t he existing system SUMWARY OF THE
INVENTION I'n the preferred enbodi ment the downlink out

of covera e detection.is based on ne t
TRE U RO HarARered L2 g TRBVelteT 2 SUREhol B Hib gdated:

- By GBAdiAg aUNLIR Sitie7rabl KighatirgBabGerles GAMFACH chamss|
based .on the

ereof. In another enbodi ne

- B ey 1Rt ag fescuos g e UF BeRied rnaReniig s ot
nfigigiuedleed ref erence si gnal S. The out of coverage is

ted to the netwo . It is
- BiaRbnifa guPor eRardrditar T Ang g6 Mt SePH Ui mepbTgpLreort
sequences on RACH channel - By proactively aI I ocat i ng
T&esour ﬁ%m@%&&c rtﬁ%'&l,’\r\}aé{fverwgtg %%gll%w%gg{ge \)vﬂl be obtained:
-1 ndIE&ﬂlicﬁtrdowm|mneut0c5f-dmeregefreﬁd’nmg.ﬁomfeaﬂowehm’:‘nétwmmmnmmove
tThanks t glarov si.on ot nt ive me{w trol et
NI Ydb AR cRESe eI 4 8% St Sondgpfign fqnirol etc
-dowdn this othgr hahd itaweidigep nepwark tosaveoesaliredd ibrovenage cannot be
netvvork té’ i nprove the coverage by taking appropriate
acti'® . handover, congestion control etc. On the
-ot hdatrwnlhmmiové newldplbanhlpglaeﬂu{ménsiamrrgave resources if

- g?;ﬁh?ﬁ% %%g) eo%ﬁgﬁ%r't gﬁ cﬁé;g ragé w\% ut ti\gpégcy%r p&{u\gg{njfg uplink

scheduling grants or resource assignment.

Still other objects and features of the present invention will become apparent from the
following detailed description considered in conjunction with the accompanying
drawings. It is to be understood, however, that the drawings are designed solely for
purposes of illustration and not as a definition of the limits of the invention, for which
reference should be made to the appended claims. It should be further understood that
the drawings are not necessarily drawn to scale and that, unless otherwise indicated,
they are merely intended to conceptually illustrate the structures and procedures

described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference characters denote similar elements throughout

the several views:
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- The UE is able to report out of coverage w thout the
need for requesting uplink scheduling grants or

woneesmisse assi gnment. Still other objects andPCeaPRe08803533

of the present invention will becone apparent fromthe
foll ow ng detail ed descripti op consi dered in
conjunction with the acconpanying drawings. It is to
be understood, however, that the draw ngs_ are desi gned
Figere | shews ap @r%g@sof@fcqmm%?%tmf@ﬁ”%har%fectase 'a
definition of the imts of the invention, for which
reference should be nade to the appended clalnB It
Figysri R OBloffqaveTagr and drFeYesaee ferPSft'nﬂrPé'”B'Pﬁ\M ngs are not
necessarily drawn to scale and that, unless otherw se
i ndicated, they are nerely intended to conceptually
Figure,3; Pyt &f couerage HQ?&%JP%Y SRGYp P@E@@Lﬁf@&”é@ég P?‘H}&Tces in time.
herei n. BRI EF DESCRI PTI ON OF THE DRAW NGS I n the

drawi ngs, wherein |ike reference characters denote

DETAILED DESCRIFTIONOP PREFERREEEMBODIMENTSWS: Figure 1
ShOWS an exarrpl e of a communi catl on network

FRjued i td@@ktﬁeecorﬁm@blfcétl&\ syStm afuch @¥ %r@glmaerydtem or a WCDMA

svlod, oo BaTP Arors QUL D) S5 25 heieiuf LarTS
TeAEStAAIRSEdid Ac&ééﬁe@EMELﬁm%hﬁEat% E&m ptiihd=iR&d3t one

ReBaPase =ty JoaNoak BE SesbuieryerEs ohRar T gagio Network

O3attbierd\(RIRES) TR0y dhe( RO, in $ig ch) Tive R ie\cohiveried S an

nksaReeh g e BoRISRGS TRe LorT BHLPHIRN D2 biohdaey be @

cohridction-ofiEReY ekerndaiesih dsSthe Pubio8wicrealdT dlephone Network

(@ﬁtﬁﬁﬂﬂ qtagra%giré(er%%gg o laflggtg%ﬁhl\&%e)gég&g? ! yqﬁ)%nectlonless

ektetrell Cacss thedhteasett he | u-interface to a Core network
(CN) 12, which may be a connection-oriented external

CN such as the Public Sw tched Tel ephone Network
TOPRAN and tHeh®N Imtp%qmdé eam®@enicatiasand gprtral foNatplwrality of user

chiiparhin OB TR o B FPaGhBaous el Ep gppse -
uaercordomiara)l aridaspliak plllrchiantels (ife. usartodpse Pmesviesse) td)
c%ﬁ%ﬁgj%lcg-ge:\glttﬁjgﬁlgég oen%%béj 5 %vgro élvl%ldliongY e‘iR'ﬁ?erfégg.n nel's

According to a preferred embodiment of the present invention, the communication
system is herein described as a WCDMA communication system. The skilled person,
however, realizes that the inventive method and arrangement works very well on all
communications system. The user equipments 18 may be mobile stations such as
mobile telephones (“cellular” telephones) and laptops with mobile termination and thus
may be, for example, portable, pocket, hand-held, computer-included or car-mounted

mobile devices which communicate voice and/or data with the RAN.
There are two main aspects of the invention:
Out of coverage detection

Out of coverage reporting

Out-of-Coverage Detection
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or forward) and uplink (UL) channels (i.e
user-to-base or reverse) to communicate with at | east

wWOoenes/RB3115 over a radio or air interface. Ac®CTAdPA¢ISHO3533

a preferred enbodi nent of the present invention, the
comuni cati on systemis her eigfw descri bed as a WCDVA
comruni cati on system The sKi Ied person, however,

realizes tha thelnventlve d and arrangenent
Ths AReATE Gt e P eROS i Oeiatia A Lo RE CoporEh SrRBnGr,
c@rﬂ}dlinﬁtr']@ﬂéﬁcohﬁnﬁflan@ﬂem{ab ehéﬁr@ls ;Hefncz Uféhfo&@wm’g o ﬁategories of
t el ephones ce s) an aptops wt
oW YT YBCf%SWQaQrPS WUeya ian‘{!%g ?f? for exanpl e,

- por Datdction B§§é€ﬁ§r? cé‘rgmdnhﬁblﬁhv\%cogpm er-included or

car-nmpunt e ile devices ich.c te voice

- andPEIECHAT BaRHG 1 EHRD ﬁirmi'ﬂ‘ef‘@”&rﬂ@gnﬁlﬂjgedrﬁ]aﬁ nelSpect s

of the invention: Qut of coverage detection Qut of

coverage reporting Qut-of-Coveraqe DetectionThe

downl i nk out-of -coverage detection is either based on
Dewm&mbééww}et:omrnwmﬂsémti on of conmon and dedicated

C . Hence the follow ng two categories of
B AN oS ARl Sor B it e o, S agel are:
-Det otk meﬁlceaﬂgﬁalmn channel - Detection based on
n‘%ﬂned CO n ani(,i %%l@cr ted hannel s Detecti on based
ArfePegY nme exanpl es of conmon
-ref erimaeeBSHyMahselor channel s are: - Downl i nk
reference signals Primary and/or secondary SCH channel

Pri mary BCH channel The UE shoul d consistently neasure
T&é@MuM@stsf@tl?Wsagﬁamd)e\mlmé ther dovemagerloss criteria over a

SBE 58 abE £BP e WL Bl B e BEH R o
obmlequaardmes fatitbeldw e glesiret mva;hom dviera tiper peradd((T1 .Ut )
SI NEf gqggq%gﬁiéﬁﬁéémor S|gna| Urer: tHnal strength SCH
SCH SINR or signal strength
- Combined RS and SCH SINR or signal strength
- BCH BLER

- BER or symbol error rate

The UE would also report in coverage (i.e., when downlink coverage becomes
acceptable) when any one or more of the above measured quantities would become

greater than another threshold during certain time period (T, in).

The above description is expressed in algorithmic form in the following sections:

Out-of-Coverage Procedure:
UE reports out-of-coverage based on the following algorithm:
p = DL quality estimated by UE on common channel.
Start:
IF (p < pow) OVver period Ty o
UE reports out-of-coverage
ELSE
Go to Start.
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Conmbi ned RS and SCH SINR or signal strength - BCH BLER
BER or synbol error rate The UE would al so report in

wocowsasye (i.e., when downlink coverage beconP€T/EP2008/003533

accept abl e) when any one or nore of the above neasured
quantities woul d becone greatgr than another threshold
during certain tine period (T1,,n) . The above
description is expressed in algorithmc formin the
foll ow ng sections: Qut-of-Coverage Procedure: UE

/,{.ggggrg?egwcegf,,—epoverage based on the foll ow ng
al gorithm uality estinate

I g}r? DL g _ d b&y UE on .conmmmon
TheRracenditian kgr in-coveragerepgiing ipihet Upayani e qut-afigovesege state
fro@RRICbSeragé grw‘see@\ﬁ%ﬁﬁﬁorﬁérﬁﬁn@. to Start.|n-Coverage

rocedure: The precondition for in-coverage reporting

Sttt hat UE went to out - of - coverage state from

IF () SPVESRYBelip$ed on common channel). Start: |F (p >
P'n) Over period'T1 In UE reports in-coverage ELSE Go

t o BEaeportOntcaytragéver age based on exi sting UE
gsurenents: Since some UE reported nei ghbour cell

neasurenents (e.g. RSRP) are based on reference

si gkegite Stather ef ore anot her possibility is to define

out of coverage occurs when the neasured quantity is

bel ow the m ni mum reportabl e val ue by certain

Guh peetvsrage(based opexigting Winppaswergenist of coverage wil |

SRce Wonlel UE Répdritl RMHB8uCadithedRRerhénts 8.5 SRERB) are based on
reference signals, therefore another possibility is to define out of coverage occurs when
the measured quantity is below the minimum reportable value by certain threshold (¥).
As an example the out of coverage will occur if the following condition is satisfied

during time period (T, out):
RSRPmeasured < RSRPmin - \P1 (1)

Similarly, the in coverage would occur when the following condition is satisfied during

certain time period (T1 in):
RSRPmeasured > RSRPmin + ‘I’z (2)

Detection based on combined common and dedicated channels

This procedure is applicable in case measurements are jointly based on dedicated and
common channels for defining the out of coverage indication criteria. The basic
principle is that in this mode out-of-coverage and in-coverage reporting is based on the
downlink channel quality, which in turn is estimated on both common and dedicated
pilots or on reference signals.

The dedicated pilot may also represent a power control command sent on the downlink
by the base station to run uplink power control. The main point is that dedicated pilot
means any sequence of signals known a priori to the receiver.

Both out-of-coverage and in-coverage schemes are given below:

Out-of-Coverage Schemes:
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during time period (T1, out): RSRPm basurbd RSRP njn -
Yi (1) Simlarly, the in coverage woul d occur when
wotzhes/3613owi ng condition is satisfied during ®ETER26V8/003533
time period (T1, in) : RSRP nbasur d > RSRP mn + Y2
(2) Detection based on conbi nggd common and dedi cat ed
channel s This procedure is aﬁ licable in case
measurenents are jointly based on dedi cated and conmon
Felinaing:iwo erof gereana ferRAfindtAhemes 5% BioRgaeq indiediateshmode:
Sehéme @teg-Wisd)asic principle is that in this node
out - of - coverage and in-cov_era]qe reporting is based on
Y Y- aealitd estimatedhteng| SIR0risignal siFength)iby WkipR dedicated reference
sif;ﬁ%li mat ed on both common and dedi cated pilots or on
eference signals. The dedicated pilot may al so
¢ ~eplc guaity estinpated (e.g oBINFOOr signatatnenglieitty Wh onlpenmiaemieifgrknce
sibX it he base station to run uplink power control. The
Nafn point is that dedicated pilot neans any sequence
Stdrt:si gnal s known a priori to the receiver. Both
t - of - covera and i n-coverage schenes are given
'FEQI(oW‘) ?Xﬁr-pgf'gfg&%'f age Schenes: Fol | owi ng two
out HOfg-< )G PANTE(YeRQN bierpesiothFaRs are proposed in
dedi cat @% node: Sct}erre 1 %Step-vvi se): g = DL quality
esti mat '689‘35. O gO¥eragP gnal strength) by UE on
dedecgeed reference signal. f = DL quality estinmated
(e.g. SINR i gnal strength) by UE on common
referen@é’tg%ﬂil. Start: IF (g < gQut) over period
T2, Qut IF (f < fout) AND (g < gout ) over period
S'(I;' éngejt2 (B%mrb(/e ec()))':ts out - of -coverage ELSE Go to Start.
B = Relative DL channel quality based on common and dedicated reference signals
e.g. B could be the ratio of received power on common reference signal to dedicated
reference signal.
Start:
IF (B < Bout) over periOd T4,out
UE reports out-of-coverage
ELSE

Go to Start.

Methods to Report Qut-of-Coverage

Reporting on RACH

As mentioned earlier that in out of coverage situation the downlink quality is
considerably bad that could prevent the network from assigning any scheduled
resources to the UE for uplink transmission. Thus, one possibility is that UE utilizes
RACH channel to report the explicit out of coverage to the network. The following
method could be used on RACH channel:

- By sending unique sequence pattern

Indication by unique sequence pattern on RACH (shown in fig.3)
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Schene 2 (Combined): b = Relative DL channel quality
based on common and dedi cated reference signals e.g. b

woco/3513¢ the rati o of received power on commPAT/EP2008/003533

reference signal to dedicated reference signal. Start:

IF (b < bout) over period T41QUt UE reports

out - of -coverage ELSE Go to Start. Methods to Report

Qut - of - Coverage Reporting on RACH As nentioned earlie
AWl 1PBROUBS! %9@9&@% U RRTWPRRGRY S9RENGAHIAYR( | GudFi WC'fw)

phferf R &Helagidling s*ééderﬁé&tomﬁétﬂ dPBRNE M trkf@nféfilw@fv%ere normal
from assi gni ng_any schedul ed resqurces to the UE for

RAGH iskransayitad: I8¢ eﬂtterwﬁh@" bg samprsed ¢ mereyhan opg, signajgre

s&didnicg s swHM b i Be 'ﬂ%hsrh@teﬂ %Iﬂﬁértlntcbﬁs&%ﬂwbé RACHotiHhe 8lots or each
coverage to the network follow ng nmethod coul d be

sequance i ReR@Atermend be B?”%‘@W&ﬁ iYCYRY QuRALH diBcglot as shown in

figGret2rIA choée hiRiplPRABH Q&b%@déﬁ@d%ﬁfr&?]é@& fhePtar®istion of
shown in fig. 3)A UE w | Bort out of coverage to

therUtRECAVITRID (EPBITBRNISA Utiizedhis deares of ffeedpmc Thatayeans

traﬁérh@g@n of tHelpatiehowatid R MeWEE N estaititeFHdqas kotirBe.
he sane slots where normal RACH is transmitte The

pattern shall be conprised of nore than one si gnature

TR BT SeqUdHceb irf 8 phleliandy B dahad S‘ébbrlitﬂy tHefbattern could
consecutive RACH tine slots or eac

uenc
efhfriuseihe sAME Sigeatre ReIHACES) 3% HS%%@r {he! OfTafezéﬁW frapemission
obthel catldPereBerved fdr@ur 6f é’ove}d’geQ'@Wlf@lWHeRir@feRé@HoEﬂtl@iﬁ % to be
are defined over fr ue Rggtl_[lansm ssion (? t}
aBlerio ghe @b yersriees S doih rea RaGH Fetamssen el pu Geverpoe
régop@em That neans transm ssion of the pattern woul d

be allowed in certain tinme-frequency resource. Two or
nore sequences in a pattern nmay be the sanme. Secondly

LeNBefttid Kruﬂiq@@li;hgi\aﬁjré I%eqwm:es tahe I\ASQéI‘EJeﬁb@ pat pateern. Then the total
uences used

num%er of avalla%sle unique pa{tern woulé) [>e given by nagassrg SIG%nM 4, the

total number of unique patterns would be 2% which is sufficient for all the UE operating

in a large coverage area.

Derivation of pattern:

The UE shall derive its unique pattern by a suitable well specified hashing function. As
an example the hashing of the UE identifier (e.g. IMSI or TMSI) could map the UE
identity on one of the pattern. In this way the UE does not have to explicitly report its
UE identity. In fact by decoding the pattern, the network shall be able to uniquely
identify the UE that has reported the out of coverage.

Another possibility is that network explicitly signals the index of the pattern to the UE at
the time of cell selection. The index is updated whenever UE reselects a new cell or

after handover.

When downlink coverage improves the UE reports the in coverage in a normal way that

is on a shared channel following the normal resource allocation procedure.

In order to avoid that the network considers a UE that is in coverage and performs

regular RACH and by chance selects for its subsequent transmission attempts a valid
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or they could be reserved for out of coverage
reporting. The preferred solution is to be able to use

woalobs/ssepiences for both normal RACH transn ssiPQIT/ER2008/003533

out of coverage reporting. Let there be K unique
signature sequences and M seqyence per pattern. Then

the total nunber of avai I abI e uni que pattern woul d be

gi ven by K I n case M= 4, t_h? t ot.al . nunmbe
O'éthftﬁ‘?NQ{@ée p?éﬁ?'@rth‘% ”ﬁk‘ﬁ‘(ﬂ”&l C%b'ﬁ_‘ﬁﬁ multipieiRiqraation f has éH?“t aUE
béfefe dédiaringta VE @P@f—é’é\}e?%] d. "s@thl infoeiRatidVeIuRDEMaRE 8ther include
Derivation of pattern: e UE shall derive its unique

resgbterepopgd RRM Meapvemadis: speci fi ed hashing functi on.
As an exanpl e the hashing of the UE identifier (e.g

I MSI or TNSI) could maﬁ the UE identity on one of 1'hhe
AB‘&‘P%P‘PF'S'Q”HY tsﬁpgese,tgg}qe ginpatigmisof signalike sequences to the purpose

ofFilorebldrigé RipRFting. rieddpatdend inList ndt Befuaed fdryeglagorAcH
the pattern, the network shall be able to uniquely

agtquﬂtls,bwe\nyﬁ.gi UE that has reported the out of coverage.
Anot her possibility is that network explicitly signals

t he i ndex of the attern to the UE at the tinme of cell
Peqactivg Agnried qf RESQUICES updat ed whenever UE resel ects

The UBV¢AUR &tillrepért batrofia;tav@k@%e on upleksIeped thanner asiRg Bilgﬂer layer
[ oves [1S C nm
ey O g0- REG)Prav e ebHiTk oy 357 o MeTeSHuPRRlo the UE.
Thesetwotie pﬁ!il?btW‘eW aﬁgr&ftﬁé @éﬁdu&;eslft_br uplidke trahsmigyioh deehatt notices
r consi g covera

t he net E that is

5 PO CougRR PSR Eh Y 6)° Oheis UBTeRcsi e thearts, i
sigHIisAHlygIvor blicadTosebepaitiReBINR ERSRP etc.

val i dout - of - coverage pattern the network conbi nes

multiple information it has about a UE before
THe UEAWill iigerabd able Wb replortaby eua@‘e;ovéiugb uking aherpioiaotivedoadsthned

a ncl u recen orted RRM .

rSrgaep HBRUhE RRgT frsroqiiatng phy Bew ek EMeduinagrants
certain patterns of signature sequences to the purpose

of qut - of - cover age ort,i These tte must no

UBino i aBets avsiain TpSaRes U BT eParys BRyroLR cobprager opy of the
foﬂswir@nﬂ@ﬂt of Resources The UE could sti II report out
Iay@g'\{’ F?IQS(Iayer rhgslgsaalél%red channel using higher

- As part of the normal measurement report using out of coverage indicator

In the latter method an extra reported value beyond the normal measurement reporting

range is to be specified.

RACH unique pattern for other applications

The idea of sending a unique pattern using RACH is also used for reporting any other
critical information in situation when UE does not have or could not get UL scheduling
grant. Thus, in use of this method, the radio base station signals a plurality of patterns
of signature sequences to a user equipment, each pattern of signature sequences
being associated with a respective critical condition relating to operation of the user
equipment. The user equipment receives the signalled patterns of signature
sequences and then, on detection of one of the critical conditions, the user equipment
transmits the relevant pattern of signature sequences on the RACH. The radio base

station then receives one of the patterns of signature sequences from the user
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signaling (e.g. RRC) provided the network proactively

assign the resources to the UE. The network

woppesAssitel y assigns the resources for uplinkPCI/EP2008/003533
transm ssion when it notices that downlink coverage as
indi cated by one or nore UE peasurement reports, is
significantly poor such as | owest reportable SI NR,

RSRP etc. The UE will then be abI ort the out
e@MiPRBNOMIE raRIqN, 26¢RSS 5haaRe! | %Py' grinesshat theyiser
eéNn&lIﬂ@Hff|s'im@13rt‘?iﬁé’alfceﬁdlf ISl BEsviciafet @ﬁWtHé&Wcél%d Pdttern. The radio

edul i n grants Usi ng t he above assi gned resources

bage gtatiofeean EBFQ"@ %HFPéORS@fe %‘f“%oﬁé‘?ﬁ‘@@% CHPﬁP genqitigns are: UE
rerHgOcthrwba@fy SdbbEbeRRCerhb bty SlualiBssage or As part

of the normal neasurement report using out of coverage
indicator In the latter nmethod an extra reported val ue

IrP@Y% 36reher RRuAtRANRE EBASH CARBRYvetR® OIE frdtl cbAitiRUE FedePti®® mode
speci fi ed. RACH uni que pattern for_other ag plicatjons

torhe disgentingous ERRAPHEN MOGRi WhIEh isatignifisantiyimpye RAWES pidcient. In this

wal Stie Wieshr &&erﬁ@iﬂ@ﬁéttéw In%rh\hd%‘téyeéctﬁé idrigeal inidake fom?éple@féd
in S|tuat|on E does not have or coul d not ﬁ&
¢ ﬁ’@ DRX cycle

reorig At ithig cgv%wndﬁms the; RetREK BN AFPETesTr neYen
uhlesd Makmfiin DR is QBachedN dh & ERUPRANAMYsiem, dfie Dﬂ&(t@,rcms.anc
Si gnat ure sequences to a user eq blépment each SJatt

coAnestesaeds d-os g Rsve 1098 Wgndes o5 candacsire Aatg) s befween 2 ms
ah@9p8CHisve critical condition relating to operation of

the user equi pnent. The user equi pnment receives the

signal l ed patterns of signature sequences and then, on

Ifipkeatatn Wwherd e SbsthigerGs intarcéhergenél éituamisn, théanigae pattern
equi pnent transnj | evant, pattern of si

the r
CHe SREGR RO RE - ReL DS BT HaPtnG AS0otpLIYS THAIE. The lower
Ia?@ﬁ@h\téﬁﬁiems%e hhi@U@@hﬂ@h{m thaf brﬁsldegdfﬁtdrifvﬁll Seﬁwdteth Re eﬁnergency
from ere on e.r om access cha
Stygehyo i RIS Fabevantely e MOl Gon Jauske wgh i act
atdwediaglyt i cal condition associated with the recelved :
pattern. The radi o base station can then take
appropriate action. Exanples of critical conditions
are: UE running out of battery, subscriber in
energency situation, etc. In the forner situation, the
network can nove the UE from continuous reception node

to the discontinuous reception node, which is
significantly nore power efficient. In this
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way, the UE can extend its battery life and stay
active longer. In case of repeated reporting of this

woenisti3sslii condi tion, the network can progressiPCEIRP2008/003533

extend the DRX cycle unless maxi mum DRX i s reached. In
a E-UTRAN system the DRX cyﬁle i n RRC connect ed node
(i.e. the active node when t & UE can receive data) is
between 2 nms and 2560 ns. In the situation where the
CLAIMS i ber is in an energency situation, the unique
1PalRERE #a BSerSRfipridht bERRASGRgitRe GU&ItY BPS FddefRE common
pressing a special 'key on the Ulg. The [ower |ayer
whFleannek cbarasterigae inthptiie metbedeemarisesHe pigge okt at i on

W | HeteBRRY dn blker %BﬁerSé‘ e¥nditidrt ¢heRBnE @r ritfe RHedbBlement
| ayers and eventually“to the appl

N Vel Ication |layer, which

Wi H!Jaf?ié'?&a'ﬂu@ﬂ i b@g?? ogythg menﬁhﬂ@teﬁ 860N RORMPR pference

€q ﬁgﬁﬁ? ¥ cOhbifBASHE! (inhbE afdBbitMte@ter@rents %%/MSQIS, deteriorates
comron channel, characterized in that the nethod

cotpelatien tq agredediped dresholdiet ecting an out of coverage
CoDdifeb@y arEdVERReWondRbR WIRASIHECSRRGre GHEHYU &R quantities,
whi ch i s "based on tthe comon channel or on conmon

r eMBicBiE BasgdRiaing comreashehianast APngionyBeRsiergRee signals

dedbmBingfor 6f RNFRGE afY BB@tSted ATERNCOsHhBSIs] impr&ledlih Pdlation to
to a predefined threshold; - detecting an In coverage

coAdrededined {ieshdtie or nore neasurenent quantities,

Whi edrelvindiffeRatidh 6mn%ﬁmﬂth§@@ﬁéﬁlre QBqhce9 faBé used for
ref erence signals conbination of common and dedi cat ed

r efRACENSLW PhER)SE298: @Pfoves in relation to a

Pr effortiRtht ReRSRA dlit of ch\RERIetoROraliRf KiisBRtAtRA ethePon a random
pattern of the signature sequences to be used

f
r ep6fassfhanIR! oppPn %ogpéfqggtg}angﬁldyithpu} l@'gg\aftmggaqyﬁg?irr\k scheduling

deppfmit 8ersablrcefassighenge to a radi o base station
either on a random access channel or on a shared

channel wi thout requesting any uplink scheduling grant

20T ANSRYE GBcct8int 96 BRIM 1, WherBin B REMNRMCNaANBIds EBréddtasi
1, wherein the comon channel (s a ast channel

) br padc
( BeRgnnghP Gl andhrAid rt f GPusTagR S slerdraBnen tig DRSHES BCH
e Bk eftoBfatt (BLER) exceeds the predefined BLER target during a certain time
period.

3. A method according to claim 1, wherein the common channel is a BCH channel
and the said in coverage is detected when the measured BCH BLER falls below
another predefined BLER target during another certain time period.

4. A method according to claim 1, wherein the common channel is a synchronization

channel (SCH) and the said out of coverage is detected when a measured signal
to interference and noise ratio (SINR) or signal strength or combination thereof on
said SCH falls below a predefined threshold during a certain time period.

5. A method according to claim 1, wherein the common channel is a SCH channel
and said in coverage is detected when the measured SINR or signal strength or
combination thereof on said SCH increases above another predefined threshold

during another certain time period.
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bl ock error rate (BLER) exceeds the predefined BLER

target during a certain tine period. 3. A nethod
woaoeudimg to claim1l, wherein the common chame@lEPR2&8a03533

BCH channel and the said in coverage is detected when

t he measured BCH BLER falls E$I ow anot her predefined

BLER target during another certain tine period. 4. A

nmet hod according to claim 1, wherein the comon
6chArmmrihod 3ceording inelaim 2 avhesaindha AAmMonshaNnelisia sakof reference

Saélenél's”anefsaﬁ% bR&S el syt R WAt MBRSHIESINR or signal
ghal to interference and noise ratio (SINR

S| gtn%gtfm eHpkinatinn thereel aathesrid feferense aan%)f%'%emw a
fab#eaeheé@wréherdaﬁﬁﬁ?mnbmtﬁﬁ@ pegbgluring a certain

time period hod according to claim1l, wherein
the comon channel is a SCH channel and said in

700)@5&9& hécdi@h ng% ElgmM‘eWhérth tHE 3EMERM cﬂaNﬁ%l% asepofakference
strength or conbi nation thereof on said SCH increases

2bBgBas ApgKald D CRYRP @odett?ﬁt%%wawatmﬁwr% St pPr signal
Cekfréidth bt E@nlﬂﬁéﬂn&ﬂh@reoﬁoﬁm RFEehEE Signil9 irftrédses hbove

wherein the conmon channel is a set of reference
si gheiher riRdefingddnissholddugiy apalger Yee BBttt ed when the
measured SINR or signal strength or combination
thereof on the said reference signals falls bel ow

8pr Bdesthpd aceaiding ko FANRF PhE Wherehsaidoytioheo YR, daeﬁected

A IRERGE messured B@nélostﬁélngt%rﬂme%ﬁfnﬁiﬁbﬁahﬂeﬁﬁWfél'@fbn to the
channel |s a set of reference S|%nal S

colerayedisionabeternatiyonA&sdicaedite 5%@@%\%@& @wg%afedefmed

st frregHoN QirifgTBérteai tidB pefieg.eof on the said reference
signal s increases above anot her predefined threshold

during another tinme period. 8 A nethod according to

ocl AimSthdd atcdrdinghie ERInfs 5ar ¥, Whbreidfthé exia rrag@/érsge is detected
det ect ed when t measur e% signal stre

th
coheh CerARBires Sione siengih ot Me remierstiangelh griion to te

st ﬁ@@g&ﬂéd@rgr@l stestigiabed deefcefeerreferaiogrsagnaﬁ micteaisbe bbevesanother

prede thre | d durj a certain time period. 9.
A R r&e @&W&%W‘a VR mg P&Fmé;, wherein the said

in coverage is detected when the neasured signal
ren honta omon, chapn n relatio totlge ,
ATTibgs 8Perdino 8 PRRG: Be Gias ahdie: S Bies ety ol foverage s
Si %Wrted by rseAding aalmye ganethefmore than one signature sequences on a
random access channel (RACH) where the said pattern is user equipment (UE)

specific.

11. A method according to any of the claims above, wherein each sequence belonging
to the unique pattern is sent on RACH channel only every N™ RACH opportunity.

12. A method according to any of the claims above, wherein the user equipment
derives the pattern out of the available signature sequences using a hashing

function, which maps the UE identifier on to the pattern.

13. A method according to claim 12, wherein the available signature sequences are

only allowed for out of coverage reporting.
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predefined threshold during another tine period. 10. A

nmet hod according to any of the clains above, wherein
WOt2aes/Ba2310f coverage is reported by sendi ng aPORfEPR&8/003533

pattern of nore than one signature sequences on a

random access channel (RACH) ghere the said pattern is

user equi pment (UE) specifi c 11. A nethod according

to any of the clainms above, wherein each sequence

14 eh rajhedjaccording taelpiqud2 pierein the available SdﬂﬂaMQ;ﬁequences are

Chaingd aRBhY nBMRAIRAE tBASHIsSIBR @NE Wit bcovérageie

according to any of the clains above, wherein t user

equi prent derives the pattern out of the avail abI e

151 ﬂ"r‘ﬁ"étH«Sc?aéc%ﬂ&ﬁ@ ?c?éla%?'l ﬂ%tﬁar@iﬁ%ﬁ (€bried0pimenh exﬂl‘&ltl‘}fﬂecelves the
maps the UE identifier on to the pattern. 13. ‘A nethod

acibfrenatien ebthe Ipatainito bewysed &rput AecoypEAgeIBPtiag fRAY e serving

S e@&%@%dlﬁ%@hé’ﬁ‘k‘fﬂﬁ' infoMelioh QenaH thefB 9 ¥RaMES
reporting.1 A met hod according to claim 12, wherein

the avail abl e signature sequences are shared anmong

1@0Amth%&élﬁg 18iph N \Aideif Whe Qéer%\é%ﬂﬁ'@ exphcntly receives the

reporting met hod ‘according to claimil, wherein

t h'@fq&@@f'%ahﬁhs PEHEMER e used for %e&w&gawsp?rﬁf'g ViRedqvgnk
of shdred PRéARI.N to be used for out of coverage

reporting fromthe serving cell by reading the system

i nformati on sent on the BCH channel. 16. A nethod

1 RCAMEthEP abdr@ihgtdTtidins 9BRd Bbdvel Metéitet’heﬁﬂiﬂ opo®etage is
explicitly receives the informtio attern to

belapgEed b2 BarebFhanseayuizing Yon vﬁﬂwg S§ %deta'gmr%kwh'ch Is
s hgfogetivePassRined by thénBRidaed according to clainms 9 and

above, wherein the out of coverage is reported on a
shared channel by utilizing the uplink scheduling

18" Aheth¥firCdrddio PaseAgtationedfransMitGiteehddyr bR domimer khannels,
18. A nethod in _a radi 0 base station of trgg@?mtt

o it radio base SO ORI TR o PG B4 CbTaiing pgndom

C OHEYes§ @RarrAHed ¥y fof REEiVIfigNtiedlteri@iteshdrioaral mambom
access channel neans fg recel vi th neasur enen

r eﬁ%ﬁqugn%fﬂﬁilwgﬂgmpgpr S\ gpﬂq,@'ap Iaouqeéggﬁlp@ggt 8paractenzed
ScimeHat thé%d]lﬁw&orh@ns%suﬁeéteﬁgm pnent, characterized in

t ?glgagﬁngngtpagern o?nﬁ)er élgﬁa‘c{ure s%qﬁttar%)esé tgfir;e user equipment (UE);
- receiving and correctly interpreting the received pattern of signature sequences
on said random access channel (RACH),
- proactively assigning an uplink scheduling grant to the user equipment for the

purpose of reporting out of coverage.

19. A method according to claim 18, wherein the serving cell signals the pattern to the

UE via system information on a broadcast channel (BCH).

20. A method according to claim 18, wherein the pattemn is signalled to the UE via a

shared channel on a UE specific channel.

21. A method according to claim 18, wherein by receiving the pattern of signature
sequence on RACH channel, the radio base station identifies the user equipment

that is out of coverage.
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- signalling a pattern of the signature sequences to

the user equipnent (UE); - receiving and correctly
WOi2008213p23¢t i ng the received pattern of signat ulP€T/EP2008/003533

sequences on said random access channel (RACH); -

proactively assigning an uplipk scheduling grant to

the user equi pnent for the purpose of reportlng out of

covera 19. A net hod accordln

t
288 Tedod Agciraing 1S FGIARD. whRrelpdne Edie PaSS Halacbfiegs additona
SY ay&Rblenh© higds LRt ré’pd?l"sQ@déW&héJ&ﬁW@ovérB@)ﬂtuazﬁns Bf the

nmet hod accordlngto claim 18 erein the pattern is
si YAR{I9WPMEtt he UE via a shared channel on a UE
specific channel. 2 1. A nethod according to claim 18,
wherein by receiving the pattern of sjgnature se

23nArpeiPee RasRIEINg te ABIM A8 Whessiwdhe fadio B%sq 3faign prodeiveieassions

US e radidi re§@irtkes Mchb@ulﬁl'gtgré’rﬁts tONRNRGLeqdpmAntBidiDshe or more
according to claim?2 1, wherein the radio baseéé%%%lon

ut APWBIEK rsa%rt%q raﬁawsmsms&aa? 8t eir migsHe fRarrtapl
to verlfy t he out-of-coverage situations of the user

hod d
27 TEAPY S5 UG AEPR 1By GRTPI/ER §oeEi RS e ol

I egeulichess, WhiGtaeBily Albweadt utlod cdVirages @porigi pnent
when one or nore downlink reported neasurenents are at

their m ni mum report able levels. 24. A nethod
28C AQhEthBg atcorBingitecibfin 18Neherein th paperhtuses thissigndtre

signature s ence ich are on

coS RSt SUh FiRgham SHONERTIH RACHH bR puoeRas hrCo
18cowdiggetapotting. pattern uses the signature sequences,
whi ch are shared anong nornmal RACH transm ssion and
out of coverage reporting. 26. A user equi pnent for

26EBAUser ég.nbll?nenﬂfdﬂhiebyurm‘g the aakty vEal reseived tontmsnetiannel,
character.is bnt {) it conprises: - neans for
deFRAIEPIFES 6 ! oo PEFage condition, when one or
rmr me@iaasatrdemt\g gt ait oft dovsragettonditiors, Vitassesheas rhore
onmon chan erence si

C oMERRuE T Sra RS aTE ekt o8t CoaPefl shadhelor.gp pammon

reference signals or combination of common and dedicated reference symbols,
deteriorates in relation to a predefined threshold;

- means for detecting an in coverage condition, when one or more measurement
quantities, which is based on the common channel or on common reference
signals combination of common and dedicated reference symbols, improves in
relation to a predefined threshold;

- means for receiving information of a pattern of the signature sequences to be
used for reporting out of coverage; and,

- means for reporting the detected out of coverage to a radio base station either on
a random access channel or on a shared channel without requesting any uplink

scheduling grant or resource assignment.

27. A radio base station for transmitting one or more common channels, comprising
means for receiving and detecting a random access channel, means for receiving
measurement reports and means for assigning radio resources or scheduling grant
to a user equipment, characterized in that the radio base station further comprises:

- means for signalling a pattern of the signature sequences to the user equipment
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deteriorates in relation to a predefined threshol d; -
nmeans for detecting an in coverage condition, when one

WOo00stB3sB1measur ement quantities, which i s bas®ETEP20U8603533

conmon channel or on conmon reference signals
conbi nati on of conmmon and dedigcat ed reference symbols,
inproves in relation to a pregefined t hreshol d; -
neans for receiving information of a pattern of the

i §BLure sequences to be used for reporting out of

COV A8 foraBEkiving BRABSEITéQNY |ﬁtéﬂi?éﬁdgrlﬁetr§&nﬂa%’t®¢tbﬁdo@§nature
of coverage to a radi o base statian ’_lther on random

ac EBYUENCRARASAIAIANRM 20435 E@NREIARAE )i t hout

I eqwRsaink A+ ;ﬁﬁyctNBIlyla@Klgﬁﬁlb%LUﬁhﬁlg séHellind§rahCBAHE €er equipment
aSSIgnrrent radi o 1ase station for transmtting

onéerghe HBWPQS%SHWBH”'@H&%@ QVeEStpri si ng nmeans for

recei ving and detecting a random access channel nmeans
for receivi ng nmeasurenent reports and neans
P

28ssgnPhgds iREHe hEdiockasest t?@h@bﬁi??tﬁﬁzeé‘r'ﬁﬁ?attt'&e mpethod
cgm@ﬁs%b@mtof characterized in that the radi o base
statlomfurther co ises: - nmeans for signalling a

oo SIBRING S PEHES Pl S SEatRTbRS Ao Lo RuTRR

equdqumEiy (hepattern dBRghatdre seq@srley ifdeh tABdis6OEqUASTheM on a random

interpreti recei ved pattern of signature
ag%‘?fﬁ éB%e'ngggﬁoeqdandom access channel (RACH): -

me @B termhMingdih @8sionge hdtr%&éb@mmgatﬁiﬁn opsigndtucdegdghdtgddhat the

rant .to the r e ment for the purpose of
g%rp?ﬂ“f?’ﬂf:f‘ &?&6508693 % 28. A nethod, for use in a

radi o base station, characteri zed in that the method

onpr i e t he steps, of; _signalling a pat
267 e tiod aceyeEn e 28, sB i mTRe hF BLPPitAds HE vi
patkystem inforraatpmadris ercaeiqastobasnd| (BOHY).he user equi prent

on a random access channel (RACH); and determning in
response to the received pattern of signature
3seauasihed acbatinghe clase 28ecpmpising sigsaumgtthefpanmeto #yeUE via a

<1 haePThg e 2O et vi o T T

31. A method according to claim 28, wherein by receiving the pattern of signature
sequences on the RACH channel, the radio base station identifies the user

equipment that is out of coverage.

32. A method according to claim 31, wherein the radio base station utilizes additional
available UE measurement reports to verify the out-of-coverage situations of the

user equipment.

33. A method according to claim 28, wherein the pattem uses the signature

sequences, which are only allowed for out of coverage reporting.
34. A method according to claim 28, wherein the pattern uses the signature
sequences, which are shared among normal RACH transmission and out of coverage

reporting.

35. A radio base station, being adapted to:
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systeminformati on on a broadcast channel (BCH). 30. A
nmet hod according to claim28, conprising signalling

wotzhes/patiern to the UE via a shared channel oRrCa/EBEN08/003533

specific channel. 3 1. A nethod according to claim 28,
wherein by receiving the pat {grn of signature
sequences on the RACH channel’; the radi o base station

identifies the user equipnent that is out of coverage.
signale pattern af $igpHE FRIUEBCRS tqiak S SAVIRMEPLI n t he

r agdRiveaRe Fﬁ&&hio@ BigHhtukd S&ucRBEL frbANRe usiraiquent Uk a random
measur enen reﬁorts to verify the out-of-coverage

agtasgghpond (RACH @Gser equi pnent. 33. A net hod

acgetefthing ih fespbAsdodRe rddaiei gatiehfofligra@ird se§@sndeB that the user
si gnat ure sequences, which are only allowed for out of

egyip@enyis oubpiFAverAge: 34. A net hod according to claim
28, wherein the pattern uses the signhature sequences,
whi ch are shared anmong nornmal RACH transm ssi on and
3But Adnelbad.dpaye pAYaAId Bage sEionACBRIFHRESIERSAT on,
beidi@iviripdvflink icdisttdhert rélrisfdn 8luséd rHER;
sequences to a user equipnent; receive the pattern of
si gﬁt@mw@gs\@mnemee%r PPGAMNNK s2R0TtEd mﬁﬂ%erﬂfﬁ%ns from the user
ehGPARA AR HeilChimihgh réfiddls leaeld; 4Rt er mi ne in

response to the received pattern of signature
seRRASHElY em@n%ep'%éﬁd'ecﬁ%ﬁ%%ﬁﬁorisgh%tﬂt"ﬂ%ﬁf%sv@rtaaé‘.sef

ed@pmBni®t tHeuset efuipment 1 el tHeleVeASthabh adduirds to report an out of
rising the steps of: receiving downlink

co
C??é'ggﬁﬁ% % eports from a user equi prent; determning
when one or nore downlink reported neasurenents from
the user equipnent are at their mninumreportable
37evé|r§8'°£?geﬁfaé'88tt?e§}’é9 ?gaa%?? ¥hi ng uplink radio
Ifr GWL\@Q@v@ﬂinﬁ fleReulehidgt BSpBRE FrohrPa Eb@ eqs:qu@ﬁ;ui pnent
or, the user equiprment to use in the event that it
e o L R B B LT
ef@igmenbaeat Hert mpimurdeépgrtabitalel€ld, dret
proactively assign uplink radio resources or scheduling grants to the user
equipment for the user equipment to use in the event that it requires to report an out of

coverage condition.

38. A method, for use in a radio base station, characterized in that the method
comprises the steps of:

signalling a plurality of patterns of signature sequences to a user equipment, each
pattern of signature sequences being associated with a respective critical condition
relating to operation of the user equipment;

receiving one of the patterns of signature sequences from the user equipment on a
random access channel (RACH); and

determining in response to the received pattern of signature sequences that the

user equipment is in the critical condition associated with the received pattern.

39. A method as claimed in claim 38, wherein the step of signalling a plurality of
patterns of signature sequences to the user equipment comprises signalling a plurality
of indices that can be used by the user equipment to derive the respective signature

sequences.
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recei ve downlink measurenent reports froma user
equi pnent; determ ne when one or nore downli nk

woregsorssd neasurenents fromthe user equi pmentPCarEP2a08/003533

their mnimumreportable | evels; and proactively
assign uplink radio resourcegyor scheduling grants to
the user equi pnent for the ugg equi pnent to use in
the event that it requires to report an out of
coverage condition. 38. A nethod, for use in a radio

4BASR 1548 bR SN staB bR PAdapRsH fon that the method

conprises the steps of ghalling a plurality of
pasigealasplyrlityic) Ratiens °§8§D@H&@®S”%ﬁﬁ!§@r”s@ﬁﬁﬁﬁ'mt each

pﬁ?ém oP&bh&LRE ﬁqu@h&'&%éﬁﬁ&a&%@ﬁ%ﬁiﬂw beddpacieseHiicalt Mdition
a respective critical condition relating to

fQﬁi@lé@PBﬁfa en phibewser e@HRMPMent ; recei vi ng one of the

paFéc‘éfv@%anof HeOPAth Lol SRgHARIE 88q fidrBY trdfh tAEtiser equipment on a
I pment on a random access channel (RACH); and

P@‘r&ﬁcﬁﬁﬁé“qfﬁ‘e}@ﬁﬁﬁ)sé“@o the received pattern of

S| gORHHING P RIPEASED thd Adcelvad p‘a\ﬂ@tfn cﬂ%wrﬁm?é%edq@ricés tH# the user
critical condition associated with the rec%‘%ved

epripmentys isthe CAt'??éPﬁa%rt'%a%qO&iaﬁﬁé’aW'tfhthel raeeYesePatifiRr ei n
the step of signalling a plurality of patterns of
si gnature sequences to the user&%gl pnent . conpr

4%i gAdpdiphgsa siatian 25 iclymed in Gy RqtadERIPdda Sl%\@ﬁa plyrality of

p&ﬁf@né‘%ﬁétgr@&@ﬂe@@é%néé& te @i M@érbh@upﬁ%ﬁb@ﬁb@h@lhﬁg gpatralitgof
sequences. 40. A radi o base station |$1%Fada€tt ed.to

Ir@rcgﬁémat&ambwre#wﬂ& usREEaEIPRENb IO ‘i‘?f@{ﬁé espeeygaiprELre
séquencliser equi pnent, each pattern of signature

sequences being associated with a respective critical
condition relating to operation of the user equipnent;

49 ECAIMEthBd FoPlisd iR Y bglIPMed, charabRYiZE®iInRaILBE Rthod
fromthe user@?qw pment on a random access channel

CORRKSHS: the §tePa&f'er mi ne in response to the received

patdRivihgofrorfi iadtBidioWae SR RGASralith af phtfens SEsigeatUtesEgnEnCes,
is in the critical condition assoc

g RAURSR OpSIPREITS SeUSNCoR Nt SFRBLE LT F ofFPeLtg iy
cbidifdriveratifg to bpérafornofpe &detenuiprgerdl a plurality of

determining that one of said critical conditions applies; and
transmitting one of the patterns of signature sequences, associated with the critical

condition, on a random access channel (RACH).

43. A method as claimed in claim 42, wherein the step of receiving from the radio
base station the plurality of patterns of signature sequences comprises receiving a
plurality of indices and using the received indices to derive the respective signature

sequences.

44, A user equipment, adapted to:

receive from a radio base station a plurality of patterns of signature sequences,
each pattern of signature sequences being associated with a respective critical
condition relating to operation of the user equipment;

determine that one of said critical conditions applies; and

transmit one of the patterns of signature sequences, associated with the critical

condition, on a random access channel (RACH).



patterns of signature sequences to the user equi pnent

by signalling a plurality of indices that can be used
wolyosrtss23user equi pment to derive the respecti PET/EP2008/003533

si gnature sequences. 42. A nethod, for use in a user

equi pnent, characterized in at the nethod conprises

the steps of: receiving froma radi o base station a

plurality of patterns of signature sequences, each

pattern of signature sequences being associated with a

45 €S pagset B§uisinkhi #2¢1aiffadh tiath 48 eh@iptédiolrecaiPe fraini thé rafio base
e user equi determ ni ng that one of.s

th qui prent ; . [ . -
statipn fheluralityl PREFFSS Rhpianalre sEryepsesRinieceving Soluraghy of indices
ahd @siRgtieresived irtiicRab defveBaussRtve SghRtticxdRUietds)
the critical condition, on a random access channe
(RACH). 43. A nethod as clained in claim42, wherein
the step of receiving fromthe radi o base station the
plurality of patterns of signature sequences conprises
receiving a plurality of indices and using the
received indices to derive the respective signature
sequences. 44. A user equi pnent, adapted to: receive
froma radi o base station a plurality of patterns of

si gnature sequences, each pattern of signature
sequences being associated with a respective critica
condition relating to operation of the user equipnent;
determ ne that one of said critical conditions
applies; and transmt one of the patterns of signature
sequences, associated with the critical condition, on
a random access channel (RACH).45. A user equi pnent as
claimed in claim44, adapted to receive fromthe radio
base station the plurality of patterns of signature
sequences by receiving a plurality of indices and
using the received indices to derive the respective

si gnat ure sequences.



