1 METHOD AND ARRANGEMENT I N A COVMUNI CATI ON NETWORK TECHNI CAL FI ELD The
present invention relates to nethods and arrangenents in a conmunication 5
network and nore particularly fo a downlink out-of-coverage detection and
reporting of the out-of-coverage to the network. BACKGROUND OF THE

| NVENTI ON I n E- UTRAN Ot hogonal Frequency Division Miltiple Access (OFDVA)
technology is 10 used in the downlink. OFDMis a nodul ati on schene in
which the data to be transmtted is splft into several sub-streans, where
each sub-streamis nodulated on a separate sub-carrier. Hence in CFDNA
based systens, the avail able bandwidth is sub- divided into severa
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channel (BCH) hese neasurenent’s esge0|a I's based

on long ter rﬁeb%{@@rsé’ﬁr%@"ef iHenge iOBYMAbasers fheravaiiahis bapewidih g gebed
handover. | riividdaeio\wevetsl resource blocks or units as defined, for example, in 3GPP TR

25.814: "Physical Layer Aspects for Evoived UTRA". According to this document, a

15  resource block is defined in both time and frequency. According to the current
assumptions, a resource block size is 180 KHz and 0.5 ms in frequency and time
domains, respectively. The overall uplink and downlink transmission bandwidth is as
large as 20 MHz.

20  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

25  (CQW), 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

30  (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.



RSRP coul d provide information related to the cell coverage. 2 Packet
Oiented Transm ssion in E-UTRAN The E-UTRAN is a packet oriented system
where all type of uplink and downlink transm ssion including data and
signalling takes place via shared channel. The network has the ful

control over the radio and network resources or the so-called scheduling 5
grants (e.g. resource bl ocks, nodul ation, coding, sub-franmes etc), which
are assigned to the UE on demand basi s. However, it m ght be possible,
partly or fully, to pre-assign Ilnlted:%nnunt of resources to the UE for
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UE to transmit further details related to the connection request.

15
The transmitted sequence is randomly chosen out of an available pool of 64 unique
sequences. if the UE does not recelve an uplink scheduling grant within a certain time
it randomly selects a new signature sequence and performs a new random access
(RA) attempt.

20

The time-frequency resources where random 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

25  frequency. itis 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

30  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 1o 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

35 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



out of sync is used in the WCDVA. I n WCDVA t he downl i nk power control is
mandat ory. This neans the base station adjusts its dowlink transmtted
power in response to the power control conmands (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 35 station downlink transmtted power. Thus
the main purpose of out of sync in WCDVA is to protect the base station
fromtransmtting unnecessary high power. In other words 3 when out of
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detected in-cgrﬂ% L@ge. 20 Qut of Sync Concept in WCDVA As stated above no
explicit out-of-coverage concept is specified. However, simlar concept
call ed out-of-sync reporting procedure is used in WCDVA to protect the base

station tragmihifedbuniMabloadnatibd inftHouedNRMES §RIVE Bisg he@RWS onlér
15  downlink channel quality when in the state of out-of-coverage. In this situation if the UE
detects that the estimated downlink quality has become greater than another threshold
(Qi,) over time period T, then the UE reports in-coverage to its higher layers through
primitive, Subsequently the UE higher layers inform the network that its physical layer

has detected in-coverage.

20
Qut of Sync Concept in WCDMA
As stated above no explicit out-of-coverage concept is specified. However, similar
concept called out-of-sync reporting procedure is used in WCDMA to protect the base
station transmitted from transmitting unnecessary high power.

25

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

30 control (TPC) command error rate. If the downlink quality is below specified level (Qou)
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,



In WCDVA downl i nk out-of-sync is specified in the specification docunent
3GPP 25.214 "Physical Layer Procedures” and is briefly described as

foll ows: The UE estimates downlink channel quality, which is expressed as
transmt power 30 control (TPC) command error rate. If the downlink quality
is below specified level (Q,,,) over Tou, the UE reports out-of-sync.
Typically out of sync is reported to the network by the LIEif the

downl i nk measured quality in terns of TPC command error rate exceeds 30%
over 160 ns neasurenment interval. 4 SifAce TPC conmands are sent on DPCCH
or F-DPCH therefore the out of sync criteria is based on the dedicated
channel , i . &inceTPORospeanids iace esmbnn BP CChhordvePGHethersfore thecoubot syoe sync
procedure '@nt ab&d gr‘r:"ﬁ\'e(bte@i@at'ea chiCHal ?e]on@E%&'mrchQ;%eﬁ Qln ki ofCover age

in E-UTRAN I'n I's secfion we described sone inportant scenarios or

si tuations W?G?Léobsvﬁppacﬁdw@dfva&ﬁ@“1Sd’§§'°feﬁd“ E%Hr?én i s needed by the

net wor k. Sone exarrpl es of such scenarios are: 10 - E-UTRAN coverage border
- Poor c¢ ) ggul ar cel | sizes Coverage Border
Scenari o: » SIS A sone geographical vicinity may
result in cdrvtﬁimetwrbmmdmﬂnb@ssoﬂmmonw searsiriby ot giadtians vehesd expéitii on where a
UE looses caugl, A WiilicalBRY Akl by e ddifork SN AN AABaDOLARIS. AN
explicit covera Poss Th catl on ih this scenario would make the networ k
awar e of th@rJE coverage stat us nore clearly. This coul d hel p the network
to inprove the coverage, if possible, by enploying suitable 20 radio
resource nanage t echni ques. the ot her hand, a consistent coverage

| oss ad%epi ct gﬁflﬁ)w?ﬁgovg%\ggigggﬁ oss criteria could allow the network to
drop such a UE - Redrcoverage aetheé haciyof reagulag celedizesr K resour ces. Poor
Coverage Areas: 25 E-UTRAN |like any other cellular network is expected to
of fer ubi quitous coverage in all types of |ocations. However, there are at
| east sone |Q¢évragaﬁp@etgw1aage spots, where

15  Limited E-UTRAN coverage in some geographical vicinity may result in coverage
boundaries. This may easily lead to a situation where a UE looses coverage when
moving out of the E-UTRAN coverage borders. An explicit coverage loss indication in
this scenaric would make the network aware of the UE coverage status more clearly.
This could help the network to improve the coverage, if possible, by employing suitable

20  radio resource management techniques. On the other hand, a consistent coverage loss
as depicted by the coverage loss criteria could allow the network to drop such a UE

well in time thereby saving network resources.

Poor Coverage Areas:

25
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

30  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 could 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

35  level



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
enconpassing hilly and skyscrapers 30 within a congested netropolitan
region. Consistently ensuring good coverage in such awkward coverage spots
could drain enornous network radi o resources. However, an efficient radio
resour ce managenent mechani smcould react and inprove the coverage on
dermand basis by allocating nore resources etc. The realization of such a
mechani smrequires explicit UE feedback3hen its coverage falls bel ow the
desired 35 level. 5 Limtation of Inplicit Coverage Loss |Indication The
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coverage St 3hUYEGhpddlE dbaculdNERNSlucn 30 Y SRRAR KL GTRAN naag%watq%aﬁﬁe' s
limted to a certarn mninumreporting value, e.

However, i ncegtdpeotiatuppf the éJSVBP‘Hg‘@FsQfé’ﬁa?EISB@“T&I%‘“ﬁ‘E@%R@BPquhrﬁlt?q‘9 Ae.qg.

RSRP) is |'E§Jté4nhﬂm’ﬂ@m%ﬁor@fg Je, e'QerQfoUW@d&ﬂnlg@we\ler@nSLmh(ﬂmt bower than the
m ni mrum reportabl e value. In case,the o&é S ttner ext ended
(e bebomeoierepestyrtsiies MESSITLULAUY.IF BaRSRP) F BREF withatel BEL) o

obviously i mmﬁpigrramgae € myudhad\ge theretb el emi@ob repeableaiahlel Basdtiies i s
because at 05 Ak dmﬂﬁ?ar%saeweﬁﬁ (10, ARG 20 B, RECABES JALGGL: dienderi ng

the 10 repor?p unre ese cl rcumnstances,
sol el y basedbvsn ranges weuidwbuguﬁhewewporre@m @rgetrh%aaqréqu kngesiginties: Thisrrect | y

infer that ﬁJl?ec%’EséﬁlWFneQ@ure@@tY@ﬁaﬁQﬁe QhcerBinty @Mﬁé@&@gér@id@ﬂﬁé @8 via
Dedi cat ed Connecti on cover age or nc sce %ontE

downl i nkO coﬁ‘?@@?i’&ﬂ'”?F'tgﬁ%uﬁé?é'éblgt*é?rl%r‘f‘" o° fE*j‘mB@EB?Fﬁ ﬁlﬁtbé‘f‘?

VCDIVA,  wher eneaisGietheniriefohtsC orenetidrk mayholredriecty infed that thedJEUE ousofst i | | abl e to
send out of 3‘¥n nd| ation on the uplink despite the downlink remains

unr eachabl e. N only shared channel is used for uplink and downli nk
transm ssi on, vvhere resources are allocated by the network on denand basi s.

It is thus %ng@bgKQMMU&h@gDygca@dﬁmhﬁgwﬁhmjII be able to correctly receive
any schedullng gran resource alTocation fron1th networ k in out of
cover agé®si t"h%"ﬂtl%ﬁc"’eﬁﬁ‘fé’rf’H‘eO SHRG RAgar W ’%PB%‘&% P (fogsRaseiSIAUPY t o0 wor k
i n E- UTRAN. to UE) becomes unreliable. In WCDMA, where a dedicated connection is maintained,

the UE is still able to send out of sync indication on the uplink despite the downlink

remains unreachable. In E-UTRAN only shared channel is used for uplink and downlink

transmission, where resources are allocated by the network on demand basis. It is thus

20  unlikely that UE in E-UTRAN will be able to correctly receive any scheduling grant or
resource allocation from the network in out of coverage situation. Thus the current

WCDMA approach is less likely to work in E-UTRAN.

Coverage Loss Criteria based on Dedicated Reference Signals
25  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 bils and/or TPC commands.

However, it has been evaluated that downlink channel quality estimate based on both
30 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
controlied 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.
35



Coverage Loss Criteria based on Dedicated Reference Signals 25 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 downli nk
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 30 dedi cated and comon pilots |eads to better

out -of -sync detection by the UE. The possible reason is that dedicated
reference signals or pilots used in WCDIPA are power controlled that does

not provide the actual coverage status of the UE. The aspect of using the
common refeééhﬂﬁﬁﬁlgﬂblﬁéiﬂﬂgéﬁﬁﬂi out - of -sync or out-of-coverage is not
used in the existing system 35 6 SUMVARY OF THE | NVENTION I n the
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si gnal s &nd bdeati aathedombiptioresi@ey setgrfiabmmoi heferente gfnatoset degeales! report ed
to the netmp&%mk&agggygber of ways. It is indicated: - By sending a unique

pattern of signatur& sequences on RACH channel 10 - By proactively
al l ocating resources when certain UE reported nmeasurenent(s) is at mninum

level - By debioli (tGoGdthgdil réfiRE A theiREVSHRINGS ninfbe? BEWSYs. TRY iAdidted:ne UE
measur enent reports Thanks tlio tpe rovision of t?ﬁ t_lr%ent | ve met hods
fol | owi ng adPXPAYa%a ynite paiteippLyignaiire ssaences of REFH COaWi i nk
out - of - dOver&yeroaepait allvgatimguksbuaddsovhen lvertaia ko kortey megsumreent(abis @bver age
by taking apprARn @& action, e.g. handover, congestion control etc. - On
the other hand I't would help network to save resources if coverage cannot
be i npr oved By-definingpytiof consrageanieatoigh RN PamAieR) therdE MeaeysMBRti 'RBPS20 - The
UE is able to report out of coverage w thout the need for requesting uplink
Thanks to the provision of the inventive methods following advantages will be obtained:
15 - Explicit downlink out-of-coverage reporting would allow the network to improve
the coverage by taking appropriate action, e.g. handover, congestion control etc.
- On the other hand it would help network to save resources if coverage cannot be
improved.
. it will improve network planning and dimensioning.
20 - The UE is able to report out of coverage without the need for requesting 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

25 drawings. ltis 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

30 described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, wherein like reference characters denote similar elements throughout
the several views:
35



schedul ing grants or resource assignnent. Still other objects and features
of the present invention will becone apparent fromthe follow ng detailed
description considered in conjunction with the acconpanyi ng 25 draw ngs. It
is to be understood, however, that the drawi ngs are designed solely for
purposes of illustration and not as a definition of the limts of the

i nvention, for which reference should be made to the appended clains. It
shoul d be further understood that the % awi ngs are not necessarily drawn
to scale and that, unless otherw se indi‘cated, they are nerely intended to
conceptual ly |Ilustrate the structures and procedures 30 descri bed herein.
BRI EF DESCRIFEFreN stvsraEeprmly Mesormminicatien asivagerchigei&in |i ke reference
characters denote simlar elenents throughout the several views: 35 7
Figure 1 sh ap exanple of a conmunicatio netmork architecture; Figure
o Tat - of - c RSB S HRpVertes AP SR e PP EF IO o 5 Fi gure 3¢ out o

coverage indication by unique pattern of signature sequences in tine.

DETAI LED DE$%BI 1 ﬁﬁﬁg@ ME%E

comuni catl on sé;gt(gar\lrno%s(t)}}cg as a EW éte ér#h%ﬁ Q&i/ﬂ ﬁée’% 'ﬂmﬁ& uding a
Radi o Access Network (RAN), such as the evol ved UMIS 10 Terrestrial Radio
Access Net archltecture conprising at | east one Radio Base
Station (RBS&=Y e \PL. FPL*J~ %ﬁpaﬁﬂﬂ§mﬂefhmo Net wor k
Controllers The RAN | ected over
o erfacﬁeugciﬁe%gts U PRyt PE o BT R o ey
be a connesyiten: orliuding ed%ad»otkmnw NﬂNOEklIBHNa§Ut:?heS Pglevolge GUMTEhed Tel ephone
Net wor k 135 (TP§I£4).amad§mcla£§ ﬂ&ws@(@ @ﬁﬂiﬂmfa‘?&:t&@hé %mﬂemvggﬂn 'ﬁaha(s! and/ or

a connectionl ess exter t er net

provi de con’rﬁfﬁloc%ﬁsreosrﬂaté’ﬁéR%h@f B'Pd? B} 1%2-icgragdted o ore ge@pre Rafin ‘ﬁﬂ%fﬁﬂ% (UE)
18a-d. The lol‘natrai&remg;se$ommw SHﬂ;kvn(erl@ 16. hmrmiwas(don@ectéaﬁ@er &9- 20 user

or forward) il racd slulcr?iés &Uln?n m(t:eh ace Cgre networl%?éN} w%u: may beever se) to
connection-oriented external CN such as the Public Switched Telephone Network
15 {PSTN) or the Integrated Services Digital Network {ISDN), and/or a connectionless
external CN as the internet.

The RAN and the CN 12 provide communication and control for a plurality of user
equipments {UE) 18a-d. The UEs 18 each uses downlink (DL} channels (i.e. base-to-
20 user or forward) and uplink (UL) channels {i.e. user-to-base or reverse) o

communicate with at least one RBS 15 over a radio or air interface.

According to a preferred embodiment of the present invention, the communication
system is herein described as a WCDMA communication system. The skilled person,
25  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 mobite termination and thus
may be, for example, portable, pocket, hand-held, computer-included or car-mounted
mobite devices which communicate voice and/or data with the RAN.
30
There are two main aspects of the invention:
Out of coverage detection
Out of coverage reporting

35 Out-of-Coverage Detection




communi cate with at | east one RBS 15 over a radio or air interface.
According to a preferred enbodi nent of the present invention, the

comuni cation systemis herein described as a WCDVA communi cati on system
The skilled person, 25 however, realizes that the inventive nethod and
arrangenment works very well on all comrunications system The user

equi pnents 18 may be nobile stations such as nobile tel ephones ("cellular”
t el ephones) and | aptops with nobile term nation and thus nay be, for
exanpl e, portable, pocket, hand-held, c8nputer-included or car-nounted
nmobi | e devi ces whi ch conmmuni cate voice and/or data with the RAN. 30 There
are two mai Ahadpedinls ogfofcheerpgr/daiettion is eithgt based e wemale cHametel on Qut of

coverage repahbihdidn oBorkMbn ahd SNENA0MaRREIS HidrR tid folldiendNeatedries of

out-of-coveraqg detection is either based on common channel or = conbination
of common aREYEHNCEPUYTARAFRES 2 BEFCESEe fol | owing two categories of
out - of - sync-r eppeiettivg tpsetetcsescatieareiscussed: - Detection based on common

channel 5 - Det gl on Based, o sooblaisdocommniand dedigat ed channel s

Det ecti on based 0 anne sone exanples of common
reference signals or channels are: 10 - Downlink reference signals -
Primary and/ or secondary SCH channel - Primary BCH channel The UE shoul d

consistently nmeasure and evaluate the coverage loss criteria over a 15
speci fi ed tﬁ&@%‘&—a&m&@@lﬁ@l@ﬂﬂhe out of coverage could occur when one
or nore of it begeAguRRid ddagplesal boheboveferedassigeds dduhastud sreover a tinme
peri od ga'l , _oute):wﬁ“nﬁt;ffgr%gncg ﬂsagisqnal (RS) SINR or signal strength - SCH
SI NR or 'Si gnal s?rengt?‘l B hed RS and SCH SINR or  si ghal strength

- Primary and/or secondary SCH channe!

- Primary BCH channel

The UE should consistently measure and evaluate the coverage loss criteria over a
15  specified time period. For example the out of coverage could occur when one or more

of these quantities fall below a desired threshold over a time period (T4, ou):

- Reference signal {RS) SINR or signal strength

. SCH SINR or signal strength

- Combined RS and SCH SINR or signal strength
20 - 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
25  greater than another threshold during certain lime period (T4, ).

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

Out-of-Coverage Procedure:
30  UE reports out-of-coverage hased on the following algorithm:
p = DL quality estimated by UE on common channel.
Start:
IF (p < pgy) Over period Ty o,
UE reports out-of-coverage
35 ELSE
Go to Start.



20 - BCH BLER - BER or synbol error rate The UE would al so report in
coverage (i.e., when downlink coverage becones acceptable) when any one or
nore of the above neasured quantities would becone 25 greater than another
threshold during certain time period (T1,;,,). The above description is
expressed in algorithmc formin the follow ng sections: Qut-of-Coverage
Procedure: 30 UE reports out-of-coverage based on the follow ng al gorithm
p = DL quality estimated by UE on common channel. Start: |IF (p < pou,)
over period T,,,,,, UE reports out-of-cSverage 35 ELSE Go to Start. 9

I n- Cover age procedure: The precondition for in-coverage reporting is that
UE went to out-of-coverage state fromin-coverage (based on conmon
channel ) . 5 ;5tatdragd frobdure:p, N) over period T,,,n UE reports in-coverage

ELSE Go to art. 0 t of coverage based on existing UE neasuremnents:

Si nce some Séelpéﬁ%?’%‘%‘ﬂgﬁ@f‘d’ﬁb%ﬂ?e @Qgﬁ'”ﬁﬁdgﬁrt&ﬁéﬁ?téo ot 03‘.‘301’-‘%?35) s%3lfe based on
ref erence sifgmah&pvdragy @hosdoracopiriat cheasal.bility is to define out of
coveragegoCGUr s, when the nmeasured quantity is below the m nimum reportabl e

val ue by certain threshold (P). 15 As an exanple the out of coverage wl|
occur if thdF {ot bevivagperioddi i on is satisfied during tine period (T,,e, n):

UE reports in-coverage
ELSE
Go to Start.
10
Out of coverage based on existing UE measurements:
Since some UE reported neighbour cell measurements {e.g. RSRP) 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 (\¥).
15 As an example the out of coverage will occur if the following condition is satisfied

during time period (T4 ou):
RSRPmaasured < RSRPmEn s \P1 (1)

20  Similarly, the In coverage would oceur when the following condition Is satisfied during

certain time period (T1 i)
RSRPmoasured > RSRP g + ¥ (2)

25  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
principte 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

30 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:

35
QOut-of-Coverage Schemes:



RSRPrmeasured < RSRPniln - W (1) 20 Simlarly, the in coverage would occur
when the following condition is satisfied during certain tine period (T,,
;n): RSRPmeasured > RSRPniln +' P2 (2) 25 Detection based on conbi ned common
and dedi cated channels This procedure is applicable in case neasurenents
are jointly based on dedicated and common channels for defining the out of
coverage indication criteria. The basic principle is that in this node

out - of -coverage and i n-coverage reporting is based on the downlink channel
quality, which in turn is estimted on b%t h conmon and dedi cated 30 pilots
or on reference signals. The dedicated pilot may al so represent a power
control comfRiRIVaENC BHrot-pRYCERSRIERITING e peaBaEeposedin dedicegdmadeupl i nk
power contr @cherhle® (SBpiwikel:nt is that dedicated pilot neans any sequence
of signals known a priori to the receiver. Both oué-of-covera e and

i n- cover age YScheMalYfsimaiaddn IpeNG/er siags! signatht xdb op d5dicales efigrence o

Fol | ow ng tw@neut - of - coverage reporting schenes are proposed in dedi cated
node: Sghemne Step-wi se): Yy = val jty esti ed (e.g. SINR or signal
Cerengt o b SR b Bheat ke e PO dShaLihagh) bEOE S Bl inPietg oot ot od
(e.g. SINR signsi gnal strength) by UE on conmon reference signal. Start:

| F (y < Toutgy,ever period T2,out IF (4" < flout) AND (y < yout) over period

T3,out 10 reports out-of-coverage ELSE Go to Start. Schene 2
( Conbi ned) : 1F (v < You) over period Taou

IF (¢ < dou} AND (¥ < vou) over period Ty out
10 UE reports out-of-coverage
ELSE
Go to Start.

Scheme 2 (Combined):

15 P = Relative DL channei quality based on common and dedicated reference signals
€.g. B could be the ratio of received power on common reference signal to dedicated
reference signal.

Start:
IF (B < Bout) Over period Ts,out

20 UE reports out-of-coverage
ELSE

Go to Start.

Methods to Report Qut-of-Coverage

25
Reporting on RACH
As mentioned earlier that in oul 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
30  RACH channel to report the explicit out of coverage to the network. The following
method couid be used on RACH channel:
- By sending unique sequence pattern

Indication by unique sequence pattern on RACH {shown in fig.3)
35



15 p = Relative DL channel quality based on conmon and dedi cated reference
signals e.g. p could be the ratio of received power on conmon reference
signal to dedicated reference signal. Start: |IF (p < pout) over period
T4,0ut 20 UE reports out-of-coverage ELSE Go to Start. Methods to Report
Qut - of - Coverage 25 Reporting on RACH As nentioned 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
upl i nk transmission. Thus, one possibility is that UE utilizes 30 RACH
channel to report the epr|C|t out of coverage to the network. The

foll owi ng Aedhvd repit eutisbcayeeagedn tRAGHV I v pRNding & Byausdhei Yig srasifighe

sequence path@drA of mels@aatuwséamemas%wumeu iR A R Mots BAGH dosh@wn i n
fig.3) 35 f coverage . to the network by sending a

un'aue (1 - e RAGHEs Jgeaipe T8 gatie@ianahe FHETSPY AU DML RA L8 RACH
channel in tsb@es;am u&lcﬁtcsulﬂ/@ﬁrtﬁmmtttﬁﬁIeﬂhdRA&can@cdtnﬁ@RﬁMthtﬂV?{s}:otIhEemt Ej e[) n
shal | conpris et one si 1 S ich cou e
Erons + Poq SBuREe rithe BRI kAT e MENGHARF htb Gy FERKEN ERR B SPAETHL Y, 0° 1
pattern couliduiee. tip amrmtulttml Rﬁ@@@syrmfmvettwmcmthea@nsmMn oh figure
2. In case gy djiRk-Eo/2RigE rééd?@rﬁa%@o Qfﬂfzb%‘gd&}é@é of f e%g%n‘?ﬂattnna%ng ransm ssi on

of the out-of- covera'g{e re so utilize t degree of freedom
That means ERSAEHPETBHP e"tweuia&@taé?%e%&Faafﬁémgrfteemvwwem ain
ti me-frequency resource. 10 Two or nore sequences in a pattern may be the

sane. S on the pattern coul eith se th t ure sequences
as used ﬁ q’lwé or rqtgr{ér)m ﬁﬁ } ¢ é’ﬁg m Srrée}ygbne tHe same, eSec:c)rfrga?y gern couig
either use the same signature seguences as used for the normal RACH transmission
ar they could be reserved for out of coverage reporting. The preferred solution is to be

able to use all sequences for both normal RACH fransmission and out of coverage

reporting.
15
~ Let there be K unique signature sequences and M sequence per pattern. Then the total
number of available unique pattern would be given by K. In case K = 64, M = 4, the
total number of unique patterns would be 2%*, which is sufficient for all the UE operating
in a large coverage area.
20

Derivation of paltern:

The UE shall derive its unique pattern by a suitable well specified hashing function. As

an example the hashing of the UE identifier (e.q. IMSI or TMS1) could map the UE

identity on one of the pattern. In this way the UE does not have to explicitly report its
25 Ukt identity. In fact by decoding the pattern, the network shall be able to uniquely

identify the UE that has reported the out of coverage.

Anocther 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

30 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.

35  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



or they could be reserved for out of coverage reporting. The preferred
solution is to be able to use all sequences for both normal RACH

transm ssion and out of coverage reporting. 15 Let there be K unique

si gnature sequences and M sequence per pattern. Then the total nunber of
avai |l abl e uni que pattern would be given by Km In case K =64, M= 4, the
total nunber of unique patterns would be 224, which is sufficient for al
the UE operating in a |large coverage a{ga. 20 Derivation of pattern: The
UE shal | derive its unique pattern by a suitable well specified hashi ng

function. As n exanpl e the hashi ng of the UE identifier eq??% | MBI or
TVBI) coul doWa-cpyREagsPatieguihe nglvosh than%fmwwe Qrination ithas 4ebika Wy the UE
does not havefotedezigphg aiUE gutiobpoictagel Sueh irfdrinatistecduld amorgotharcdcidg decodi ng

t he pattern, r le to uniquely identify the UE that
has reporteaec%ﬂt@ 'S t%ry\%f'%?:@)verz":filéfre ﬁ%ot her possibility is that network

explicitly signals the index of the pattern to the UE at the tine of ceII

sel ectiog. Rh&nk eﬁ:b?h@ ;élpd@;itﬁ& c\é/ﬂgiﬂ%‘éﬁérnygf é’t&%ﬂr@%é@eﬁcéﬁw{@ Jr?ﬁ | n

af ter handover. : coverag% nproves report

cover age i nOEPHEHARYEragafeRITERS. Thesed? tﬁ‘@ﬁ%&ﬁéﬂ“&?&i’fﬁ‘émfﬁﬂ“ﬂ%w t he nor nal
resource al bogapts 6papy 0eedure. 35 In order to avoid that the network
considers a UE that is in coverage and perforns regular RACH and by chance
selects for its subsequent transm ssion attenpts a valid 12

out - of - covePeagetiyad ss@nmenhef Respwoek conbines nultiple information it has

about a, E TP@U@ ul@%‘ﬁ:‘l @pbﬁ%u@oflégvé}%e% R&W%ﬁ?r@@cha?‘}ﬁ%hzéi ﬁéﬂé‘?f}a‘y@ﬁ could

am)ng ot I nclu recent y rep ort M measur enent s Ano
possi bi I it ys'pga'tna (7.e<RRE Krowded B r’i‘eb‘!ﬁr‘f BioActivel aspigh KepeousesieiedE 1o the

pur pose of TRehet@briGRYRIAGE a§SqIRIthé r@ourtaeﬁ:eumktt@hm.smwha@n nbedsed for
regul ar RACW}at gév&n‘?i%%c?ve@’ge%%né&%tec? 559 gr% ciarvn%rA%E r%easuremé)nt repo?tg LllSr ces
significantly poor such as lowest reportable SINR, RSRP efc.
15
The UE will then be able to report the out of coverage using the proactively assigned

resources without the need for requesting any new uplink scheduling grants.

Using the above assigned resources UE either reports the out of coverage in any of the
20  following way:

- Using RRC (layer-3} message or

- 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
25 range is to be specified.

RACH unigue 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
30 grant. Thus, in use of this method, the radic base station signals a plurality of patterns
of signature seguences 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 eguipment
35 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



10 The UE could still report out of coverage on uplink shared channel using
hi gher | ayer signaling (e.g. RRC) provided the network proactively assign
the resources to the UE. The network proactively assigns the resources for
uplink transm ssion when it notices that downlink coverage as indicated by
one or nore UE neasurenent reports, is significantly poor such as | owest
reportable SINR, RSRP etc. 15 The UE will then be able to report the out of
coverage using the proactively assigned,.,resources wthout the need for
requesti ng any neM/upIink schedul i ng gré%ts Lblng the above assi gned
resources UE elther orts t he ou% owgrag of the 20 follow ng
way: - Usi nGIHREeTYapfRs ragdom.access chapnel afRd Qﬁter sio3tiRE YSfEasur enent
report usi ngqoipteaifis mclkxecnagel donditicradssbcibtedivie thateteveditaad B redibr a
reported val meat ortl 25..ran to be
speci fi ed. %—95%0?%%3&%%! érﬁo ?%o cé'?n a;g)pqr?‘%e:fa ?fc?ﬁ g“‘rﬁoé"d‘t'&@%g@f bgendi ng a
uni que patt élmﬁ"fl@sﬂuhgfm s@sarl@oimergemy siteggont étag any other critical

i nf or mat son in situation when UE does not have or could not get UL

schedul i ng grant Thus, in use of this nethod, the radio base station
signals a pI’hV‘S 19rnpr Sifualion the rtwerk cap giexe (el Biom saplisorpresertivamasi§ui prent |
each patter o b dscgnatiousresgyue ARRS, wihen iag:gwasxmyaﬁcﬁél p¥ivérdeftidnespasti ve

t I ' I t. Th
cqui pront S8t EDE o 2uleBR L} PalPR b eV ap i oitRr insS R HRRRES ' and 1 hen.
on det ect i oreprsftingreé thisf critib@ cenditidne Hie redwatk caropregrestieslyiedendtitaiDientie35
transm g tnﬁgeg@.ln%m:n DRk {ShHorb. %9%2151%9\1 §,%?é+ﬁf}ﬁ@érzmya%ﬁé€'4 The

radi o base station then recelives one gnat ure
sequences f Forfecisd m&d@r(' & dhe aciive pIvER tvhen therdE P%[h@éwv%@ézsfg bé%ﬁﬁ@lms( RACH) ;
and det erm aeg2%dtahst he user equipnent is in the critical condition
associated with the received pattern. The radio base station can then take
appropriate action. Exanples of critical conditions are: UE running out of
battery, subsioeistation wheleghgeutmyritsar faliatah @mergency siiation, the unique pattern

15 can be sent in response to the subscriber pressing a special key on the UE. The lower
layer which receives the unique pattern at the base station will report the emergency
situation to the higher layers and eventually to the application layer, which will act
accordingly.



In the fornmer situation, the network can nove the UE from conti nuous
reception node to the discontinuous reception node, which is significantly
nore power efficient. In this way, the UE can extend its battery life and
stay active longer. In case of repeated reporting of this critical
condition, the network can progressively extend the DRX cycle 10 unl ess
maxi mum DRX i s reached. In a E-UTRAN system the DRX cycle in RRC
connected node (i.e. the active node when the UE can receive data) is
between 2 ms and 2560 ns. In the situation where the subscriber is in an
energency situation, the unique pattern 15 can be sent in response to the
subscri ber pressing a special key on thé UE. The | ower |ayer which

recei ves the unigue pattern at the base station will report the energency
situation tEM¥Shi gher | ayers and eventually to the application |ayer,
which will act accordingly. 14 CLAIMS | A nethod in a user equipnent of

measuring t | of a received commpn _ channel, characterized in that

t he met hod ggn%ﬁ?%hé%f’ ﬁé’sg'ieé‘b@"@f't.‘gg’eﬁs‘fi@g &erqualyy gip Betivesicomawer age

condi ti on, whegh@awel Qfﬂarmrbad@etbajﬂmthod_ @uraritdstthesepsdti ch is based on the

conmon chkannel . aéto6lihg @R BT ob @ &fetRf@tionS Akl o?fngﬁ%ﬁ%ésﬂ%tnleﬂg of common and

dedi cat ed referenr&cgif S qbﬁlsq? dtgterlorates Inre to a predefined
threshol d; - dét® '?Ehé f 15 4oL e RN EEHERATY 9T ORFRIFMYEesRNCRDY €

measur ement quaiangls prepmbinkComficolmios sbadeitbatu réfaencospmbdisCiadHagies0r ON
comon r ef er engereflic R apredefAdY RRLLGE Oof common and dedi cated reference
synbol s, i rrproygst inrelation to a predefined threshold, - receiving from
a radi o base sfAatroheaDJLiqverne 8‘?”@?8%&%‘3 YLHRIE Measurepe guangites, f or
reportin§ out ohichivimsedien thardnmibs channepont coargnbhefdei-ecigrsls out of coverage
to the radi o bagghisitRhioPEbnhdEl RBicRed Fa?é?%ﬁﬁ}s?ﬁm%“&Q%Qweggénﬁgea shared

channel wi thou'ga ;%gbjestﬁn%loﬁ]y uplink sch g grant or r
assi gnnment. 2. R . 5dhg ding to claim1, wherein the common channel is
a broadcast - recaiving from a radlo base statian a pattern of signature sequences to be used
for reparting out of covarage; and,
18 - reporting the detected out of coverags to the radic base statlon sither on a
randorn access channe! or on a shared channe! without requesting any uplink
scheduling grant or resource assignment.

2. A methad aceording to claim 1, wherein the commaon channel is a broadcast
20 channal (BCH) and said out of coverags is detected when the measured BCH
black error rate (BLER) exceeds the predefined BLER target during a corain time
period,

3. A msthod according to claim 1, wharsin the common channe! is a BCH channel
25 and the said in ¢coverage Is datectsd whar the measured BCH BLER falis below
another predefinad BLER target during anocthsr certain fime period,

4. A method according to claim 1, wherein the commion channel is a synchronization
channal {SCH) and ths said out of coverags is detscted when a measured signal
30 to interference and nolse 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, wharain the commeon channal is a SCH channel

and said in coverage is detected whan the measurad SINR or signal strength or

35 combination thereof on said SCH increases above another predsfined threshold
during another certgin time period.



20 channel (BCH) and said out of coverage is detected when the neasured BCH
bl ock error rate (BLER) exceeds the predefined BLER target during a certain
time period. 3. A nethod according to claim1l, wherein the commbn channel
is a BCH channel 25 and the said in coverage |Is detected when the neasured
BCH BLER falls bel ow another predefined BLER target during another certain
time period. 4. A nethod according to claim1l, wherein the common channel
is a synchroni zation channel (SCH) and the said out of coverage is
detected when a neasured signal 30 to Interference and noise ratio (SINR)
or signal strength or conbination therepf on said SCH falls bel ow a
predefined threshold during a certain P me period. 5. A nethod according to
claim1l1, wherein the conmon channel is a SCH channel and said in coverage
is detected when the neasured SINR or signal strength or 35 conbination

t hereof on s@i d 8Ehrd mmspuigde clalyol evhamt thecopmedehnme & o Jut eFbeledce duri ng

anot her cert ai Bighkiiend8did 6 -of é&eraga iﬁe@&ﬂ%eﬁ@%%&%&gg f,sié\xp%r%%gg"ﬂl’ wher ei n

t he common chanpel .Is ag?z)et _of eterence signals an t cover age

r
i s detected whel°THE HETEIPIRY teeRp o5 thastalstvaierense Fiarly Rllshelavombi nat i on

t her eof &h t he reetietnaddiirestmivoduring gnedtsdn fred psiobel ow a 5 predefined threshol d
during a certain tinme period. 7, A nethod according to claim1l, wherein the

comon channgl ,i s et of reference signals and said in coverage is

det ect ed whg’ﬁ f}@e‘ﬁ%";%‘ﬁ?’étﬁ‘gﬁ Rp¥moh wherginde casresyRienebis scehdirefarenan t her eof
on the said ref@rainsed sidinaberiguds detsded witove: hBaarat IVR opEgsef | ned
threshol d duri RGeRBOENBIbILITE: tRGELS ; cordin o clains 4 or
6, wherejn sai dnqgt of ﬁov%%?he | s _ﬂgeggiﬁgﬁhﬁgﬁgﬁse'n%%sseg?é‘a{esi gnal
strength -on t h&"CoThEH L4 qichdyring a9t g Pevis. neasured signal strength
on a dedicated reference signal falls below a predefined 15 threshold
during a cerd aipindthdPacliting % odms 2 oTBL i 3 g or 7,
wherein the said in covergée cizﬁmget ec'thg%%"\?\lﬁagﬁ&gﬁg&r\{%%g%lr_sed(?{ggia nal strength
on the common EAFHREIMSRPEFERS sHength dHae cofeaeihenna ingmiationde thengt h on a
dedi cat ed ref emeasEedsignubtrangtropasizdicatec vderandtsiyRel falls balow & predsfined

15 threshold during a certain time parind.

9. A method according to claims 5 or 7, wherein the said in coverage is detacted
when the measured signal strength on the common channe! In relation to the
measured signal strength on a dedicated reference signal increases abéve anather

20 predefined threshold during anothar time perlod.

10. A method according to any of the claims above, whersin the out of covarage is
raportad by sending & unique pattern of mora than one signature sequences on a

random acoess channel (RACH) whers the said pattern is user equipment (UE)
25 speaific.

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

30 12. A method according to any of the ¢laims above, wherein the user equipment
derives tha pattern out of the available signature sequencss using a hashing
function, which maps the UE identifier on to the pattern.

13. A method according to clalm 12, whareln the avallable signature sequences are
35 only allowed for out of coverage reporting.



20 predefined threshold during another tinme period. 10. A nethod according
to any of the clains above, wherein the out of coverage is reported by
sending a uni que pattern of nore than one signhature sequences on a random
access channel (RACH) where the said pattern is user equi pment (UE) 25
specific. 11. A nmethod according to any of the clains above, wherein each
sequence belonging to the unique pattern is sent on RACH channel only
every N RACH opportunity. 30 12. A nethod according to any of the clains
above, wherein the user equipnment derives the pattern out of the avail able
si gnature sequences using a hashing function, which maps the UE identifier
on to the pattern. 13. A nethod accordﬁ%g to claim12, wherein the
avai | abl e -si gnat ur, equences are_ 35 only allowed for out of coverage
reporting. 1‘%- %ﬂ?tﬁ%s %@wﬁ*&a?ﬁa%%ﬁai Wepreio the explizple siangirsehvenceraravai | abl e

si gnat ure sequélftesane® ites EACanttamgmisaiomadd dRAGHoVsragsheahgn and out of
coverage reporting. 15. A nethod according to claim1ll, wherein the user
equi prrent e&glicit%y recsjves the 5 information of the Eattern to be used
for out of CovErAlwIasEYRNe IPiFP d Whekein e pergauipmpnt asplictis satbives hhe syst em
i nf or mat iSon s eirforwationtoé theGettarh &rtrelsed 16 outAf BRIREE raRaRE HoRdnd Qrdhai m 11,

wherein the used KGMIMHBRL s ihﬁ%éi%n%gfﬁ%hh%%émc\%agl% ormation of the

pattern to be used for "out ‘of coverage feporting ownl i nk 10 shared
channel . 17. A nethod according to any one of clainms 1 to 9, wherein the
out of coverlfigé niedhodraspmditgth orim a 1.ktargrtithe Radrgliphyntuikbiciog Hgivdge Up! i nk

schedul in ra | DACT I the network. 15 18. A
9257 alform MR o8 A o8 of o7 bR RoshiRg P lBibon ohannel s,

methodiﬂarac“o se station
sai d rad’o bas¥®¥LTRE¥ conpri ses means for receiving and detecting a

random access channel, nmeans for receiving neasurenent reports and neans
for assignitpgaiafidd &SNS BeS B @%%9&4 ' lind QutBr S Eags AU PIEN
( ! . e of bl I wgérﬁ[él. ' ’
characterized 20 in that the method CONprises 1§ Q48 Sf gfverags £
reportad on a sharad channe! by utilizing the uplink schaduling grant, which is
proactively assigned by the natwork. '
15
1B. A method in a radic base station of transmitting one or more common channels,
said radio base station comprises means for receiving and datacting a random
access channel, means for receiving measurement reports and means for
assigning radio resources or schaduling grant to a user equipment, characterized
20 in that the method comprises the steps of;
- signalling a pattern of the signature sequences, to be used for reparting out of
coverage, to the user squipment (UE); and
- racejving the pattern of signaturs sequences on sald randorn accass channal
(RACH); and
25 - -interpreting the received pattern of signature sequences to determine that said
user aquipment is out of coverage.

18. A mathod according to claim 18, wherein the serving cell signals the pattern to the
UE via system infarmation on a broadeast channe! (BCH).
30
20. A method according to clalm 18, wherain the pattern is signalled to tha UE via a
sharad channsl on a UE specific channal,

21. A method according to claim 18, wharsin by receiving the pattern of signature
35 sequsence on RACH channel, the radio base station identifies the user equipmeant
that is out of coverage.



- signalling a pattern of the signature sequences, to be used for reporting
out of coverage, to the user equipnent (UE); and - receiving the pattern
of signature sequences on said random access channel (RACH); and 25 -
interpreting the received pattern of signature sequences to determ ne that
said wuser equipnent is out of coverage. 19. A nethod according to claim
18. wherein the serving cell signals the pattern to the UE via system

i nformati on on a broadcast channel (BCH). 30 20, A nethod according to
claim 18, wherein the pattern 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 35 sequence on RACH channel, the radio
base station identifies the user equipnent that is out of coverage. 17 -
22. A net hog\;aﬁcorﬁli n% tﬁﬁd aim21, wherein the radi o base station utilizes
addi ti onal &9afHiw a5eeriag i flalmen whesinihe sadigbase statign uifizescaditiodal cover age
situations of aYedablebEmeaquispemnbport® t2drifyAhd Bt BeebvaeEe saligleha P 1l ai m 18,
wherein the patifbRusags the signature sequences, which are only allowed
for out gf coverage reporting. 24. A nethod according to claim 18, wherein
the patté&rn uses the signature 10 sequences, which are shared anong nor nal
RACH t r ansmiz8s Aarettadchcoudingfo claro v Bret@esit AP Qhitdri Gsosdfe sidhalls®r €qui pment for
measuring the i j channel , . characterised in that
It conprises: %&@%h%gﬂich}%&é S@Z%I}eegltgiigog%?gﬁvtemﬁ W %age condition, when.
one or nmore neasurenent quantities, which I's based on the common channel
or on cono@4. Aefatoencenrdingtdalm 08, wHereN Ra bt Afess wagd dedi cated

referenqg symM@lRenced Gl 8 Mefsh debrbGhatd RBRcH 3Rk §5€ grlt oef\.l(tjoft hr eshol d;

covaraga reporting.

25. A user squipment for measuring the quallty of a received common channel,
charactsrised in that it comprises:

15 - means for detecting an out of coverage condition, when one or rmore
measurement quantities, which Is based on the common channe! or on comman
reference signals or combination of common and dadicated reference symbals,
deteriorates In relation to a predefined threshald:

- means for detecting an in coverage condition, whern one or more measurement

20 quantities, which is based on the common channel or on commen refersnce
signals combination of comman and dedicated referance symbols, mproves in
relation to a pradefinad threshald: A
- means for recelving from a radlo base station a pattarn of signature saquencas {o
be used for reporting out of coverags; and,

25 - means for raporting the detected out of coverage to the radio base station sither
on a random accaess channal or an & shared channe! without requesting any uplink
scheduling grant or resource assignment. '

26. A radio base station for transmitting one or more common channels, comprising

30 means for recelving and dstecting a random access channel, means for receiving
measursmant reports and means for asslgning radio resources or scheduling grant
to a user aquipment, charactarized in that the radic base station further comprises:
- means for signalling a pattern of signature sequences, to be used for reporting
out of coverage, fo the user equipment (UE);

35 - means for receiving the pattern of signature sequences on said random access
channel (RACH); and



- nmeans for detecting an in coverage condition, when one or nore
nmeasurenment 20 quantities, which is based on the comon channel or on
common reference signals conbination of comon and dedi cated reference
synbols, inproves in relation to a predefined threshold; - means for
receiving froma radio base station a pattern of signature sequences to
used for reporting out of coverage; and, 25 - neans for reporting the
detected out of coverage to the radio base station either on a random
access channel or on a shared channel w thout requesting any uplink
schedul i ng grant or resource assi gnnmen 26. A radio base station for
transmtting one or nore conmon channel% conprising 30 neans for

receiving and d i access cha nel, means for receiving
neasur ement r epgfrel(:5 stéﬂgﬂgtaﬁ)e&%g%e cheiseg paﬁfﬁrﬂa 51%;%9 PRAIBUACE d3deieminehedul i ng
grant to a us&at%PWﬁﬂ‘Pm@ﬁéméﬁ@w&m in that the radio base station
further conprises: - means for signalling a pattern of signature

sequences, t8 b repar covera to the user equi pme
(UE); 35 - rrzgang r’#ﬁﬁb ffé’g{e"?'av“l"nra %% 85@#@?ﬁh%?°‘§qzﬁﬁgl thedhemgiiehces on said
random aCce$8MPigRE HiRatersRACH) ; and 18 - neans for interpreting the

recei ved patt esign®ifngSi faarier &grﬁa@.ﬂﬂ@éhﬁ@ﬁcefsoto@ghgéﬂop% ot pg%ut%ia' d user
equi prent | g4 ,peg% eojoa‘%\éer%%]m%ng use I 0 base

station, charact¥efl ze ‘the nmethod 5 conprises the steps of.
signal ling a pEredrsthsiralerywhsianabirs ezpremmee sromttoe ber eqeshédbn & @b Ng out
of coverageccatsﬁci&nuélqmeﬂ}“amrent receiving the pattern of signature

sequenc fro t on a . random access channel (RACH); and
10 det e?% ni ngIj tg&r@z‘%h go?s%qeﬂ_‘g ELEf Q%Ef”b%ftsf%‘lﬂwf%‘iaqé'?@%mé? esequences
that the u&e cgdbmpitisRut pecseregmf coverage. 28. A method according to
claim 27, conprising signalling the pattern to the UE via system

i i adca
i nformation,ensg,.3adcas g ghann 317 c{am%[ng signalling the pattarn to the UE via
system information an a broadcast channel (BGH).

18
29, A method according to claim 27, comprising signalfing the pattern to the UE via a
shared channel on a UE specific channel.

30. A method according to claim 27, wherain by recelving the pattern of signature
20 sequences on the RACH channal, the radio basa statlon \dentifies the user
aquipment that is out of coverage,

31. A method according to claim 30, wherein lhe radio base station utiiizes additional
available UE measurement reports to varify the out-of-coverage situations of the
25 user eguipment.

32. A method according to claim 27, wherein the pattem uses the signature
gaquancaes, which are only allawsd for out of coverage reporting.

30 33, Amethod according to claim 27, whereln the pattem uses the signaturs

sequences, which are shared among normal RACH transmission and out of coverage
reporting.

34. A radio base station, being adapted to;

35 signal a pattern of signature sequences, to be used for reporting out of coverage,
o a usear aquipment;

be

nt



15 29. A nethod according to claim27, conprising signalling the pattern to
the UE via a shared channel on a UE specific channel. 30. A nethod
according to claim27, wherein by receiving the pattern of signature 20
sequences on the RACH channel, the radio base station Identifies the user
equi pnent that is out of coverage. 31. A nethod according to claim 30,
wherein the radio base station utilizes additional available UE
measurenent reports to verify the out-of-coverage situations of the 25
user equi prment. 32. A nmethod according to claim 27, wherein the pattern
uses the signature sequences, which arg only allowed for out of coverage
reporting. 30 33, A nethod according to claim 27, wherein the pattern uses

the signature @esguansssi éﬁ\ e red, anpng nornmal RACH transmi ssion
and out of coverage 4 (S‘Er"r/:on!dnS .a%ﬁ sei”%‘é’ﬁ?%“%ﬁ?ﬁ%%&uipmptwwgdcampt ed to:

’
35 signal a parterinef RiYHasit e sequences, to be used for reporting out of
coverage, to adetmminedmuspmeats thd Scol@r it &Q@nﬂ@:’e%@&&bﬁ%s tﬁ%tgﬁ?at N

anne

sequences fradligeit®t WGl ofSOL-YIENT ON a random “access € RREH); and

determne.in response to the Treceived pattern of signature sequences that
the user "equi pnent |Is out of coverage. 5 35. A nethod, for use in a radio

base st ati on35.capethed, kg vt HhePBaef étatioh.%ﬁipﬁéiﬁ@thg%\/ggls Lpk measur enent
reports from a ‘HgRlingaR 'mm%;swg%tegtrrgicn' 0 when one of nore downlink
reported neasur egen_t_s romthe user %tﬁ{iirgWeanLise'é?‘é“P&ﬂenﬁihei r mni num
reportabl e | ev&CE™ERE When pResR{cTqre dpwniink epgndgeasplemektsriae 1e LFOUT CES OF
schedul i ng gﬂqammnltaneaheeiumarmune%bmbvé?@gng he user equipnent to use In
the evero tRat phdachRffsEiiing GpihE Ao ralredbr Sheaicy Soadfs GoN0L 1 ON-

squipment for the user equipment to use In the event that it requires to report an out of

coverage condition.

36.  Aradio basoe station, being adapled ta:
15 receive downlink measuremeant reports from a usar equiprment;
determina when ona or more dowrnlink reported measurements from the user
equipmant ars at their minimum reportable levels; and
proactively assign uplink radic resources or scheduling grants to the user

equipment for the user equiprment to use In the event that it requiras to report an out of
20  coverags condition.

37.  Amethod, for use in a radio bese station, characterized In that the method
comprises the steps of:
signalling a plurality of patterns of signature sequences to s user equipment, each
25  pattern of signature sequences being associated with a respsative eritical condition
relating to operation of the user equipment;
reseiving 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
30  user equipment is in the critical condition associated with the raceived pattern.

38. A mettiod as cleimed In claim 37, wherein the step of signalling a plurality of
patterns of sighature sequencas to the user equipment comprises signalling a piurality

of Indicas that can be used by the user equipment to derive the respective signature
35  ssquancas,



36. A radio base station, being adapted to: 15 receive downlink measurenent
reports froma user equipnent; determ ne when one or nore downlink reported
measurenents fromthe user equipnent are at their m ninumreportable

| evel s; and proactively assign uplink radio resources or scheduling grants
to the user equipnent for the user equipnent to use In the event that it
requires to report an out of 20 coverage condition. 37. A nethod, for use
in a radio base station, characterized In that the nethod conprises the
steps of: signalling a plurality of patterns of signature sequences to a
user equi pnent, each 25 pattern of sngature sequences bei ng associ at ed
wWth a respective critical condition | ati ng to operation of the user

equi pment; ngcepyl k f the tterns of signature sequences fromthe
e

user equipnent on a ran nel (RACH): and determining in
response to t h&9raeSluaily o asttesnrofsignatiugratummeesieguaacesiphiaal cédhe 30 user

equi prent i paftdin bheyraturd $etabnde9 BEihG bRBSS Afh Q\%\iﬁ@ec‘ﬂv& Qr{tﬁ]:glecof\aﬁ 5 ved
pattern. 38 et hod. .as ai med in clalm 37, rern-t esog of
ror T fFs B8 g

signalling a V WEMERt si gnat ure sequences to the user

equi prenf conpiecgiesons o the nattenps af gignatad bdquenes fondheasr bimdnasn Pe used by
the user equirgomBtcedsd cll@MbMRALRE 2h@spective signature 35 sequences, 20

39. Aradio baéeqarﬁ_ltmaéth;pn bei ng ada[)Yt d to: signal a plurality of patterns-
of signature sequences TooRe(REF e Fgﬁ%‘f?ﬁ",‘“@&@ﬂ‘”mﬁ&ﬂt@cw bt the geeat ur e
sequences beatymen isde thetcditaibankition amspatet ivtietherédsveabatepndi tion rel ating
to operation of the user equipnent; 6 receive one of the patterns of

si gnatu segue s fromihe user equi pmrent on a random access channel

(RACH) ; _qgnds@iet'g%ﬁloﬁ’é“s? ﬁtaﬁ‘g‘sﬂfd’?ﬁ 8¢ ‘g clafi 39 dep wdepteriosionl egtiurslingefat ur e

sequences tﬁ@_teﬂ’csrPéS‘GB%We sequanparetnthe et enulphenthyi didrafihg & REbiliopn associ at ed

with the reRabyelanshbeibd 4ndtser SR A Ge Hhakd:RBNVESGRLALT 10 claim
y o

39, being ageautagc%&to signal a plurali

15 41, A msthod, for use in a user equipment, characterized in that the method
comprises the staps of:
recaiving from a radio base siation a plurality of patterns of signature sequences,
each pattern of signature sequences being assoclated with a respective critical
condition relating to opseration of the user equipment; '
20 determining that one of said critical conditions applies; and
transmitting one of the patterns of signature sequences, essociated with the critical
conditlon, on a random access channel (RAGH).

42. A method as claimed in claim 41, whersin the step of receiving from tha radlo
26  base station the plurality of patterns of signature sequences comprises recaiving a

plurality of indices and using the received indices to derive the respective signature
sequences,

43. A user equipment, adapted to:

30 receive from a radio base station a plurality of patterns of signature sequUences,
each pattern of signature sequences bsing associated with a respective oritical
condition relating to operation of the user equipmant;

determine that one of said eritical conditions applies; and
transmit one of the pattemns of signature sequences, associated with the critical
33 condition, on a random access channsl (RACH).



patterns of signature sequences to the user equi pnent by signalling a
plurality of Indices that can be used by the user equipnent to derive the
respective signature sequences, 15 41, A nethod, for use in a user

equi pnent, characterized in that the nmethod conprises the steps of.
receiving froma 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 equipnent;
20 determ ning that one of said critical conditions applies; and
transmtting one of the patterns of sigpature sequences, associated with
the critical condltlon on a randon1access channel (RACH). 42. A nethod as

clained in c ﬂgﬁg [ i€ e fro the radio 26 base
station the p ur atfg%rs ?E%E!Qﬁgﬁo cr')a' ?‘%‘P%gg %&%Y?c BB fska Rase

recei ving a S#ienthe ﬁ“f’?“%? Haﬁﬁrnééfsﬁiwﬂif‘@&qanehby regeighy e gluidifiot Beicés0 deri ve
the respect iane using et resedved HRALLE RESFive ha- ras‘bebt%% REHeRERMnce2dapt ed to: 30
receive froma radio base station a plurality oP patterns of signature
sequences, each pattern of signature sequences being associated with a
respective critical 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 35
condition, on a random access channel (RACH). 21 44. A user equipnent as
clainmed in claim43, 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 respectlve signature
sequences. 6



