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enbodi ments herein relate to enable the user equipnent to establish a
connection in a radi o comuni cati ons networ k. BACKGROUND 10l n today's radio
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Proj ect (3GPRETHEEEXNMO I@LINKi Fd\rILUBIEtOHdJFe) FRR BECQVERVR) system

G obal System for Mbil e conmuni cati ons/ Enhanced Data rate for GSM

Evol ution (GSNTEDGE) Worl dwi de I nteroperability for M crowave Access

(W Max) , yﬁﬁ%ie Br oadband 15 (UMB), just to nmention a few A radio
connunlcatlons ne%mor conprises radi o base stations providing radio
coverage over Y

Uoer Equi pront EMPRiEnERGeh FeRRT A RPEABAR, S7abbaR SO A deffibly |

st at i onSathereindnperheular, embodiments hereiegplata ﬁo\mabtedh@ uwsmuspmm torestablish user
equi pnent JolV2-TS face to the radi o base stations
in upli nkg(%bﬁé]:t?'reggr\nsgn?ésdz? ons gﬁiga@r?é "kz’g"ﬂdl 0 base stations transmt data
to the user equipnents in dowlink (DL) transm ssions. Wen a user

equi pnent noves fromone cell to another the connection or link of the user
equi prent nust be transferred in a so called handover (HO process. Wthin
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2011/ 1027 PosthiysarEquipmentsi(&)F) are served in the cells by the respectlve radio base station
and are communicating with respective radio base station. The user equipments transmit

data over an air interface to the radio base stations in uplink (UL) transmissions and the

20 radio base stations transmit data to the user equipments in downlink (DL) transmissions.
When a user equipment moves from one cell to another the connection or link of the user
equipment must be transferred in a so called handover (HO) process. Within for example
LTE a reuse of frequencies between cells is used, similar to WCDMA-based systems.
However, in LTE soft HO of a user equipment between cells is not a part of the standard

25 specifications and instead hard HO of the user equipment between cells is adopted. Soft
handover means that the user equipment is connected to both the cells simultaneously
during the handover procedure. Hard handover means that a link to a source cell is
released and then a link to the target cell is established. However, hard handover is a
procedure which might experience failures such as Radio Link Failures (RLF).

30 Typical scenarios where RLFs might occur more often are the so called i) "high-
speed train" and ii) "Manhattan" scenarios. A high speed train scenario is when a user
equipment is moving fast between cells and a Manhattan scenario is when the user
equipment is moving between a high number of cells due to a corner effect. A corner
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30 receives the RRC Connection Reestablishment Request message contacts the last

serving cell of the user equipment in discussion here. This is a feasible option since the

RRC Connection Reestablishment Request message includes the temporary cell id of its

last serving cell. This range of solutions is termed within 3GPP as "UE context-fetching"

solutions. Prior art solutions are solutions for maintaining the RRC connection, since the

35 RLF recovery procedure is successful within the time specified by the timer ruling this



An object of enbodinents herein is to inprove the performance of a user
equi pnent within a radi o comuni cations network. According to an aspect of
enbodi mrenwe 2bawrweT74t he obj ect is achieved by a nethod 1PCITI/SE2010881481

equi pnent for handling a radio link failure in a radio communi cati ons
network. The user equipnent is served i@ a first cell controlled by a radio
base station and the radi o base station is conprised in the radio

comuni catPrenesuiee Hawever, mins antsspiutions: implethat thetintetraptionftimesteniairdi at athigm of a
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a radio link between the user equipnment and the radi o base station. The
user equi pnent further conprises a transmtter configured to transmt a
second indication of aradio link failure to the radio base station when
the first indication is detected. 30 Accordi ng to anot her aspect of
enbodi HNCYMMARY the object is achieved by a nethod in a radio base
station for enabling a user equipnent to establish a connection in a radio

communi cat i ons ARGLIRSH Rf embrdiments heegin ist@improve thepeefarmance of puser cel |

cont r ol | e@dqliipmieRBwithish Padid eSmifuichidhs nBRorkadi 0 base station is conprised
in the radi o communi cati ons 35 network. The radi o base station detects a
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conparing whether a response is received fromthe user 5 equipnent wthin a
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det ect ed. défeetsizAftstandiestRnF alfaikife bid FAARY link DeWRdehIné userdquipidnP BRd heCONt eXt
of the user.egU|pnent to a C|rcu|trﬁgcontrolllng a second cell when the

failure i RYRPaRGHgHonThRe Userequipmeshisansmitsa second ginatien efradigilipk failure,
cont r ol2bi Rgthilradic 8asHstatic WhérPthe dirst thdidaiod 5F4 faRdrel i BBREted Ther eby the user
equi pnent is enabled to establish the connection in the 10 radio

conmuni cati ons networ k. According to anot her aspect of enbodi nents

herein the obj aetordifg & AnaherchsPEctaf eABbAMeAREheibiA thedbje@lis Sohidveli by a2 USer
equi pment to est abl qu?ggnéionnectj i?lklzaglpa radi g conmuni cati ons network. The

user equi PHERAYPEES iR9 2 redio e ip @{edigcornyncatinns network. The

user equipment is served in a first cell controlled by a radio base station. The radio base
25 station is comprised in the radio communications network. The user equipment comprises
a detecting circuit configured to detect a first indication of a failure of a radio link between
the user equipment and the radio base station. The user equipment further comprises a
transmitter configured to transmit a second indication of a radio link failure to the radio
base station when the first indication is detected.
30
According to another aspect of embodiments herein the object is achieved by a
method in a radio base station for enabling a user equipment to establish a connection in
a radio communications network. The user equipment is served in a first cell controlled by
the radio base station. The radio base station is comprised in the radio communications
35 network. The radio base station detects a failure of a radio link between the user



15 radi o base station. The radi o base station conprises a detecting circuit
configured to detect a failure of a radio |link between the user equi pnent
and the rwdi2oli@se4st ati on by receiving a second i ndi caPCosERdI00514BE USer
equi pnment indicating a radio link failure detected at the user equipnent.
The detecting circuit conprises a testi ﬁg circuit configured to test the
radio link by transmtting a message to the user equipnent and 20 conparing
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circuityy Qbio dé& nMfREnS RétvoAdd an establ i shment request fromthe user
equi pnent, e Interruption tinme is reduced. As the interruption tinme

I s reduced the performance of the user equipnment is |rrproved WO
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Enbodi nents wi || e described in nore detajl .in re on.to
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signal ling scheme in a radi o communications netw ?hemat iC

over vi edhp ofadp basgstadiendlhe ’ﬁS'°aP?s§§faé'BT' CURRESES e ﬁé@gﬁﬁgﬂj{ ?%ﬁgurje_é Fig. 4is
a schemat i gethbtA¥aiae of 2radioNdbeRedsthdiuger efusmératiand the radio base station by

receiving a second indication from the user equipment indicating a radio link failure
detected at the user equipment. The detecting circuit comprises a testing circuit
configured to test the radio link by transmitting a message to the user equipment and

20 comparing whether a response is received from the user equipment within a second time
value. If the second time value expires the failure is detected. The radio base station
further comprises a forwarding circuit configured to forward a user equipment context of
the user equipment to a circuitry controlling a second cell when the failure is detected.
The user equipment context enables the circuitry controlling the second cell to serve the

25 user equipment enabling the user equipment to establish the connection in the radio

communications network.

Embodiments herein imply a faster RLF recovery reducing interruption times to

low values as the user equipment informs the radio base station of a possible radio link

30 failure, that is, the second indication of a failure. The radio base station may then forward
the user equipment context to the circuitry controlling the second cell or cells. The user
equipment context is thereby present in the circuitry of the second cell at an establishment
request from the user equipment, and the interruption time is reduced. As the interruption
time is reduced the performance of the user equipment is improved.

35



Fig. 5is a schematic flowhart of enbodi nents disclosed herein, Fig. 6is a
schematic flowchart of a nethod in a radi o communi cations network, Fig. 7is
a bl ock dvegoamoeEpi cti ng a user equi pnent, Fig. 8is a Ppcosk2dbaguam
depicting a radio base station, and 15 Fig. 9is a schematic flowhart of a
method in a radio base station. DETAILE® DESCRIPTION Fig. 1 is a block

di agram depicting a radi o communi cati ons network such as Long 20 Term

Evol ution (LTE), LTE-Advanced, 3rd Generation Partnership Project (3GPP)
Wi deband Code Division Miltiple Access (WCDVA) system Tinme Division
Synchr ono BRIEGRESGRIPE IO OFLTHE PRAVANGSss ( TD- SCDMA), G obal System for
Mobi | e communi cati ons/ Enhanced Data rate for GSM Evol ution (GSM EDGE),

Wor | dwi de | nt eEspRadiaents will raw betlescobien/ia mere stetail ivvealation, to the erclosed Mobi | e
Br oadband draWiBys, i whitcht 0 25 nention a few. A user equipnent 10 is

conpris N 4t he ragli | | e h [ Lpment 10 is
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user equi i 10 i s arcambiged schemiticdloweharhandsighalling schemedn & eatlibdy a second

radi o base station y=Tol e stations 12, 13 provide radio
coverage within a 3&3’6@-0[’35&3%%%0’%“9%?% form ng respective cell 14, 16. The

first usefFi@@ui pmenis aechematinovenview of agprbcess dusing emestablishinientjofa t h t he
first radi o base st?&i"g&ﬁag in an uplink (UL) transm ssion when data is
transmitted to the first radio base station 12 and in a downlink (DL)

t r ansnildsifigh when dig ais¢chematinflowcharhef enmbosimentediselgsedonareain, 10 from t he

firstradpy base <t §d Gihehane A HIRHHARIT LER0ADAOGRIOL 6 The

user equiprent 10 nma . be represen B W rer s Eomuni cat i on
terni nal , Fi9-§obi | e isa sehematip floweharboframetbad in Dragiia commusications netwedd) , a

| egacy usegfq €qui pre » f . op, a conputer or any

ot her Ki nd_gof devi cg%%'ggﬁﬁésia?;&:%&n’étrﬁhiaggs{g}ae%'bg%%sI y with the radi o base
stations 39 813. 5Tisa blecpdiggianedenicting aradio baseslation,lahd 13 may al so be

referr g 1y 85 €. 0. it MR BwENAR S 1fs FEREba WiRn®) . @ Dase

transcei ver station, Access Polnt tation, e station router, or any
ot her network unit capable to conmmunicate with a user equi pnent 10 within
the cells 14, 16 served by the respective radi o base station 12, 13,
depending e.g. of the radio access technol ogy and term nol ogy used.

DETAILED DESCRIPTION

Fig. 1 is a block diagram depicting a radio communications network such as Long
20 Term Evolution (LTE), LTE-Advanced, 3rd Generation Partnership Project (3GPP)
Wideband Code Division Multiple Access (WCDMA) system, Time Division Synchronous
Code Division Multiple Access (TD-SCDMA), Global System for Mobile
communications/Enhanced Data rate for GSM Evolution (GSM/EDGE), Worldwide
Interoperability for Microwave Access (WiMax), or Ultra Mobile Broadband (UMB), just to
25 mention a few.
A user equipment 10 is comprised in the radio communications network. The
user equipment 10 is served in a first cell 14 controlled by a first radio base station 12.
The user equipment 10 is moving towards a second cell 16 controlled by a second radio
base station 13. The radio base stations 12, 13 provide radio coverage within a
30 geographical area forming respective cell 14, 16. The first user equipment 10 in the first
cell 14 is communicating with the first radio base station 12 in an uplink (UL) transmission
when data is transmitted to the first radio base station 12 and in a downlink (DL)
transmission when data is sent to the first user equipment 10 from the first radio base
station 12.



10As stated above the user equipnent 10 is noving towards the second cell
16 and it may happen that a Radio Link Failure (RLF) occurs during a
handover wb 20hetoewer equi pnent 10 fromthe first cell 1#2ctsEeErdie/nsasond cel |
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25 The user equipment context may comprise user subscription information such as
radio bearers established, Quality of Service (QoS) and transport parameters, security
context, handover restriction and/or similar user equipment data. Also, the user equipment
context enables the circuitry controlling the second cell 16 to serve the user equipment
10. Thus, by forwarding the user equipment context to the circuitry controlling the second

30 cell 16 the user equipment context is already present at the circuitry when the user
equipment 10 tries to connect to the second cell 16.

Thus, the first radio base station 12 detects the RLF at the user equipment 10 by
receiving a second indication from the user equipment 10 that the user equipment 10 is
35 very likely going to declare RLF. Such a second indication may e.g. be one or more
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30
Fig. 2 is a combined flowchart and signaling scheme in a radio communications
network. The flowchart and signaling scheme enables the user equipment 10 to establish
or re-establish a connection in the radio communications network after a radio link failure
in an efficient and quick manner. The user equipment 10 is served in the first cell 14,
35 which is controlled by the first radio base station 12. The first radio base station 12 is
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equipment 10 tries to establish a connection to a circuitry controlling the at least one cell.
30

An additional scenario is when the user equipment 10 recovers in a given cell, e.g.

the second cell 16, after RLF, receives its user equipment context in the second cell 16,

but then the user equipment 10 returns back to its previous serving cell, e.g. first cell 14,

the one before the RLF detection. The user equipment 10 may also, while returning back
35 to its previous serving cell, the first cell 14, detect another RLF. This may be the case
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mainly occur when the user equipment 10 declares RLF during a ping-pong HO and refer
to a non-successful execution of the ping-pong HO. In order to combat those cases and
the case when the ping-pong HO is triggered and is successfully executed, the following
is provided.

20 Step 204. In some embodiments wherein the user equipment context is forwarded
to the circuitry controlling the second cell 16, the target cell, or to circuitries controlling N
neighbour cells, either during successful HO execution or during user equipment context
forwarding upon detection of RLF at the first radio base station 12 according to
embodiments herein, the user equipment context of this user equipment 10 may be stored

25 in the first radio base station 12 for a given time period, referred to herein as a third time
value T3, which is defined by a store timer Timer_3.

If it is estimated that this storing of the user equipment context in the first radio
base station 12 may lead to unnecessary loading of the first radio base station 12, then
the first radio base station 12 may store this user equipment context only when

30 aggressive HO triggers are used. The reason is that the suggested method intends to
provide a solution for the case where ping-pong HOs occur and those ones happen
typically when aggressive HO triggers are used. Aggressive handover triggers are defined
as triggers with relative short time thresholds to be used during handovers.

Hence, the storing of the user equipment context may occur only when conditions

35 (EQ1) and (EQ2) are satisfied, which are typically indications of aggressive HO triggers:



15 Step 205. In order to be able to make use of the user equi pnent
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such as ciphering keys used in the second cell 16 to which the user

equi pment 10 is now connected. Therefor@0 the first radio base station 20
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connect ed TmeTpﬁngmﬂ"V&%hOﬁéLéd exanple, the first radio b tation 12
requests the ciphering keys fromthe second radi o base station 12
controlling the second cell 16. 25 Step 206. The second radi o base station
13 then trwmergits the ciphering keys to the first radi o base station 12 so
that the_f rad| 0] Xt .
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set up a cegNsesHd on using the user equi pnent context.
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to whlch the user equnpment 10 is now connected Therefore, the first radio base station
20 12 may request this security information from circuitries controlling cells to which the user
equipment context is forwarded to, and cells which the first radio base station 12 may
detect that the user equipment 10 is connected to. In the illustrated example, the first
radio base station 12 requests the ciphering keys from the second radio base station 12
controlling the second cell 16.

25
Step 206. The second radio base station 13 then transmits the ciphering keys to

the first radio base station 12 so that the first radio base station 12 may use the user

equipment context.

30 Step 207. The user equipment 10 and the second radio base station 13 may set
up a connection using the user equipment context.
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25 in synchronization indication during a pre-set time interval. An out of synchronization

indication may be when the radio link quality, such as Signal to Interference plus Noise

Ratio (SINR) or similar, drops below a low threshold value for synchronization and an in-

synchronization indication may be when the radio link quality is above a high threshold

value for synchronization. The low threshold value may be lower than or equal to the high
30 threshold value,

In some embodiments, the user equipment 10 may detect an out of
synchronization indication over a physical downlink control channel (PDCCH) from the
first radio base station 12, similarly to the out of synchronization indications discussed
above. The user equipment 10 may have stored some timing information and then the

35 user equipment 10 may attempt a random access procedure on a Random Access



signal strength such as Reference Signal Received Power (RSRP) or Reference
Si gnal Received Quality (RSRQ . This nmay be perfornmed by neasuring on a

ref er encewei2gnalo2aad i dentifying the best cell in ternsPofi/SREBRB0SISRSRQ
respectively. A second tine interval T11l needed is defined as a sel ecting
time indicating tinme between steps RLF2120 25 the RLF1. Step RLF3. The user
equi pnent 10 may then initiate a random access procedure to the sel ected
best cel | @harnehRAQH)! asindicBleEdyahe arow Réf@huThgreth the et radiohasesiztion 43¢

Channel (P- gﬁ% 6&2}&3? t@ﬁﬁ{%ﬁ%‘?&@éé B4u ili‘gﬁdnféérﬁlaa)sei; Q&tﬁlﬁrﬂbnﬂﬁatﬁ@e

sel ected b8 time |nt rva SO as listen to
P- BCH and 'S8b&d to diet| of getaiiscannadted. ThatisJhe fiest rrdihasersigtionri2may d#’@l*ihat a

S RLF4. |

ot ance HERA AR TR GRLRR el TSR B Pt o R Mo
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bet ween St &Rﬁ?lﬁ%gé}es@rgihest @Q&Q@Jga@%ﬁ&ét?ﬂw.ﬁﬁg Q%Q/M IdrderthaR affiafe>. The

user eqU| pren ransm Resource Control (RRC) Connection
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RRC connec request ssage 1 . bet weén st eps. RLF5- RLF4.
Step RLF6. scmguumgegramqmmmeuserlqnumyerﬁhérhcaw %nbtrm'eﬂ%@dﬁ?%\fﬁd at

Reest ably ST r{RSTBA< Salidi RR ARPnbi @l aSe SRAEN 42 BRcdy Haremrwirds tien 13 for

this request at tine 1 nstance . sixth tinme interval T15 | S peeded
bet ween t hesesegpipment qanked mrr@ or more C"ﬁk',‘tf'éﬁ genteplling neighbaring.relloricelis ©9- t he
sixth timeylabedn@lenk&® is Mnimzed by introducing a radio link failure
detection machanl smin the user equipnent 10 as described above in
conbination with a forwarding nechanismin the first radi o base station 12.

Thereby, the fi s&g m.alﬂi Qnisgae e%ﬁsudirﬁéhté&edgbeempﬁn&ﬂ 1028itér detething ﬁie|ﬂu§te

when the 15 second indication fromthe user e is recelve

from t edbi ingicatien of aradiollink failgre. spechienizesds the ﬁémcommuwﬂevs pEROrk, W l‘iﬁl i nk

failure i sgdehRpizafbr fRQuiéd & limedd berféiAtthe piotebOA dyhch@niafisbtirh® Mtersslr

equi pnent context to one or nore circuitries controllin cells.
The pr esend&0 peededdo swchraiizs tothsystemisdafingd as gdime, l?%g?q @‘eé?ﬁﬂsﬁl':ﬁl ng the

second cel R gg reduces the tine between the instant the user equipnent 10
transmts the RRC

20 Step RLF2. The user equipment 10 may select a best cell in terms measuring
signal strength such as Reference Signal Received Power (RSRP) or Reference Signal
Received Quality (RSRQ). This may be performed by measuring on a reference signal
and identifying the best cell in terms of RSRP or RSRQ respectively. A second time
interval T11 needed is defined as a selecting time indicating time between steps RLF2 to

25 the RLF1.

Step RLF3. The user equipment 10 may then initiate a random access procedure
to the selected best cell at time instance RLF3 after listening to a Physical Broadcast
Channel (P-BCH) and a System Information Broadcast (SIB) channel of the selected best

30 cell. A third time interval T12 needed so as to listen to P-BCH and SIBs is defined as the
time between the steps RLF3 — RLF2.

Step RLF4. The random access procedure is completed and successful at time
instance RLF4. A fourth time interval T13 needed to complete the random access
35 procedure is defined as random access time indicating time between steps RLF4-RLF3.



20 Connection Reestablishnent Request nessage and the instant the user

equi pnent 10 receives the response by the network, in the formof a RRC
Connect i onORerstabihi shment Conpl ete. This sixth tinme i ntemrsako@asi4gepends
on whet her the user equi pnent context is available in the cell in which the
user equi pment 10 has | anded after RLF.13his delay ranges fromtens of
mlliseconds up to nore than 200 of mlliseconds today, accounting 25 thus
for 10-50 % of the overall RLF recovery duration. By forwarding the user

equi prent cont etép RLES mseegeu.amsnhma,[ﬁé%srﬁ.{saaa\saio' ofircetdntig) f11 st or

second ceII 14,16 where the user Hﬂ 0 recover from RLF
and the i HRBE) Gepnestion RegstablisimenhReausst @essage attlmeoosamqﬁaﬁsmfmb tigie a

net hod f olinteRaPT14vkelitd |§&i§ﬂﬁe@$§'im reﬁgl(sé ogﬁ%ﬁgﬁlhﬁlpft@e rﬁrgg%%%ﬁﬂn' n the

radi o communi cati ons net wor k are e user

equi pment 'ﬁ%’e&h@eﬁaésée4‘ﬂ91'MGAW%3FD€¢P%Rh§‘&RLﬁ4{ he radio base station 12.
WO 2011/ 102774PCT/ SE2010/ 051481 14 Step 400. 1n sone enbodi nents

herei n the user eqU|gnent 10 may keep track of a channel quality of the
fadio 1ink maiSteR ReRByinertiseneauipment 10mapthen ceceive:n RBG GANRFEaN n t he 1 r st

cel | 14. IReebabRshiRAPESH tewrésﬁeﬁseefﬁum ms%t:oﬂd)qawbés %g,rtfggaglrforq@a)

performance netrics, suc as_t Channel %1
reports, &PaUSEt 3l iimedpstance BIF6. 4 sidhdimerinienal b‘é]@é@@demen the steps
Non- AcImO\NLségq_lmnt (NACKs) sent to the user equipnent 10. Thus, the user

equi pnent 10 may track the channel quality of the radio |ink between t he
user equi prent AtePrdiRg te pbediments heselp thessikth dime:intgrval $15 istreipimized byThe user

equi pent intduBiNg bigdio K RalFe MRtethh RRENAr mﬂbQ-séﬂ é&ﬁ.ﬁn%e&%‘é@t eriorating
i ndi cati ngﬁﬁ‘i}'@ Srél ble upcoming failure of the radio Iink. For exanple, in

case the hevedn campination wish adonwarding mechanisra indthe fiest fadia baset i on of

t he radi ostatibk 1W1Hérélﬂetrfe' firstiradia Bade Saféh §4 aétbeta tHe?radioAink $iRFPWRed fheCase
SINR <Threshold 3 EQ3) #consecutive HA

ei ther or both %%3 Dz , 2
NACI Cd>>s§¢qndd fon jrofche user wmmtéeﬂwcew prdfromdegingthacradio inkef £ i r st

radi 0 bashesiiset equiprhant 10V ARed e rétﬁ@l‘nl@ﬁllﬁr@"@aﬂﬁteé@d ER/firStiradib baBe stafier 19 t he
traffic a(t:tlwt see the st'egq402 avg SINR defines an average of the

Signal to Qryprdsits UsRt gagipmenhepniext F%?""om'_ 'B?’ﬂl?}rc‘t’weﬁ [santrallinggne of M@ sec
utive _HABENs. M@B@sdﬁd dfeke M@Qﬁlpﬁenﬁm dt théRircuitry E&&Rﬂlliﬁ%@hé‘@%@n%ﬂs
The Thresho“j and Threshol d ¥ preset, adjusted 2 nami cally or
updat ed cGh ql[ﬁgngsythe tlme between‘the instant the user equipment 10 transmits the RRC
20 Connection Reestablishment Request message and the instant the user equipment 10
receives the response by the network, in the form of a RRC Connection Reestablishment
Complete. This sixth time interval T15 depends on whether the user equipment context is
available in the cell in which the user equipment 10 has landed after RLF. This delay
ranges from tens of milliseconds up to more than 200 of milliseconds today, accounting
25 thus for 10-50 % of the overall RLF recovery duration. By forwarding the user equipment
context, the user equipment context is available in the first or second cell 14,16 where the

user equipment 10 attempts to recover from RLF and the interruption time is minimized.

30 Fig. 4 shows embodiments of a method for enabling the user equipment 10 to
establish a connection in the radio communications network. The step 400-405 are

performed in the user equipment 10 and steps 410-414 are performed in the radio base
station 12.



This inplies that sonme averaging of N CQ values, where N defines the
nunber, may be done at the user equipnent 10. Considering that this
measur enewo 20my10e®h| ect al so the dynam ¢ behavi or of thecrsgcaolosnakl the
reasonabl e approach is that Nis not a high nunber. 25Thus, the user

equi prent 10 nmay determ ne whet her the dhannel qual ity exceeds one or nore
upper threshold values and/or is bel ow one or nore_ | ower threshol dcl\f\/raéyues.

If the radi o |iStepi4@0osometasmbadiments bersin the user esuipnent | AaagykeepLa go

back to st quali BHRR hel fit6t ra8iB'baSél YialioR h2 withindké ect s
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CQ as shown wth t S row to step 405. user

Step 402. T
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user equi ' anhaltduality be thehaaiolliAr bbfweel etk gdeannel
WO 2011/ 18@?%@/’@6&2?& 4E%k?§§§1ual i td¥ e>¥ceeds tlﬁeI upper threshold
val ue and/eguipreentd0@pdthesfinstiadio hasestaiBn d2val ue. For exanpl e, when at | east

one out of equations (EQ@) and (EQ4) or a conbination of them has been
satisfied, the user equi pnent 10 may start nonitoring the traffic,activity
for the radio |$teR 404 %UﬁqrﬁgE'PF‘éﬂ{?ﬁ W&%@%%?Wﬂ‘ghetgﬁrrthﬁm\%&'sthe _
User eqyy p&‘%@ﬁor%gﬁﬁéﬁ&ﬁhg@p&siﬂ% Gcoring failire lof tiR ratiioihk. Fovlexaraple, incasslul i ng
requests and DL or UL

| schedul ing grants received at the user equjpnent 10.
An i nt er - athejabaye menrtioned nerfermpanee '\‘?ff"é"r'OQPatE@tQ%é%ﬂ?r?t&E‘eqf&Fdragpﬂ'Qlﬁgf' ng
grants or felfrdtfadio BASPUBHGHIE2, FéHeRBmplelih kade dithePopbothchedul i ng requests or
grants, avg t,, nm %e an a progrlate indication of the traffic activity
Ap%/fé‘ t< —2

for the usevgeddi Thyes: and The tracing of acti(\lﬁlqaj1 at a physi cal
| ayer may be perfaqrnme |y ere i | so hi gher | prot ocol | ayer
activity; %6?’%981"!’1"%%@@&”%&9ﬁ??’ﬁfﬁoif’f—aff ic. The phy@l ci 0 ayer

conpri s§§ hisCichattdd ol tHe(tuaib Bink foAE it FddidbAsRCIMINOW, Bfendhe Bsdr@iquipient The
user equi pnent 10 may keep track of hi %her rotocol activity. This

0 . | ayer
may be perF%m&twgﬁtﬂﬂgﬁ%‘i’ﬁ‘f@ca‘émy- G?f@ritz%f‘oihe user equi pment 10 at a

Medi um Acc FANtSMIR GdfiNes anfZREidgelof the Sightl kP intdridrénce PRaM6ise Ratid
Oonvergencg&%rotm:o (PDCP) and #ansrri sston Control Protocol (TCP) |ayer.

Dat a buf f e(SINR) ivthe QL ardh ¢t seentiee | HHROENAGKs alefinessmuimizer ofisonsgcitivdi cat e
activity in Uplink and the buffers storin reczi ver's informtion icpdi cate

the activi rageivad HARQ NARKsp The Thresheldot, anddhresheld; f mayhe Presli 3HSIRY 10 t hat
noni tors tanaHi@JllVo?u té&%ﬁﬁnuﬂw reception of a scheduling, UL or DL,
8/0 up a

grant an on“transm ssion o ~scheduling request, the user egui pnent
10 may start a Thisdmpliesieat somerayeeagingsofN G} valuesawherashV defings the pushe d 11

of this fifsl dbidhé afe Uaer et 0l B8nsiIRing IRatithis Aieasiifeent may Féfiebet ween
25 schedul ing requests or grants plus an additional offset, denoted as
of fset 1: alsothe dynamic behavior of the radio link, the reasonable approach is that Nisnota
high number.
25 Thus, the user equipment 10 may determine whether the channel quality exceeds
one or more upper threshold values and/or is below one or more lower threshold values. If
the radio link is not determined to be deteriorated the process may go back to step 400.
In some embodiments, the user equipment 10 detects that the user equipment 10
is very close to detect the first indication of a RLF, the user equipment 10 may then
30 instantaneously indicate the RLF probability to the first radio base station 12 by

transmitting a specific CQl as shown with the dashed arrow to step 405.

Step 402. The user equipment 10 may monitor traffic activity over the radio link
between the user equipment 10 and the radio base station 12 when the tracked channel



timer _l1=avg _tint"+afirsel _1(EQ@) The value of offset / may be set to a
value so that tinmer 1 has a first tinme threshold Ti equivalent to a val ue
of a tinmewodetigwei7ag RLF in the user equi pnment 10 speci PreEdERM0MFRSEt andar d
docunent TS 36.331, e.g. tinmer T310. The first tinme threshold T1 may be 30
updat ed when needed. In sonme enbotb nents the the timer _I is only
activated when the user equi pnent 10 conprises a buffer that is not enpty
and only elity ekegeds tHeayppes threshpld Waukarid/éxié BelGwnhe logen fHeedhor @me. FoPDCP) |,

T I SSi | (T . Xt sfer Protacol (HTTP),
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to be f@nintersardvaldime, t-he opsent echeduling pquésts and anregL s@ﬁé?ulihlg gtdefi rst time

th hol d Y . | Q.| 1S d.ndi. ed as failed.

Step 405, (b S HRAREFLalibfiehfd. An'neBlivay i A TR e de bRl anrri ¢ a

CQ val ue recgivedscheduling grants ertsimiati An bmragsh@#mWal&ne\msmedulaigueqmestao )
I fi | gl cati | ' s _prone to RLE. 10The

Feps. bel ShOt: 300, G Moy tho0n aborbiilic REERITS g Haing sB0M forefe fSer o

i ndi cat ed egyipmest thshed | i ne. Step 410. Upon reception of the CQ

with theg specific value indicating RLF the first radio base station 12 may

transmt an UL scheduling grant nessage to the user equi pnent 10, asking to
get, for exanplThe tracing pbactivityat aphysinal layerumaynissnperforimied onlyivehen thére is also St ep

e LS DR BR8P AP Tof ol i A Th ARG,
second t i eempesasdheabasic hardware transmission technologies of a network. The user
equipment 10 may keep track of higher layer protocol activity. This may be performed by
1S observing data buffers at the user equipment 10 at a Medium Access Control (MAC),
Radio link Control (RLC), Packet Data Convergence Protocol (PDCP) and Transmission
Control Protocol (TCP) layer. Data buffers storing transmitter’s information are used so as
to indicate activity in Uplink and the buffers storing receiver's information indicate the
activity in Downlink.
20
Step 403. For the user equipment 10 that monitors the traffic activity, upon
reception of a scheduling, UL or DL, grant and/or upon transmission of a scheduling
request, the user equipment 10 may start a first timer, denoted as timer_1. A first time
threshold T1 of this first timer may be equal to the average inter-arrival time between
25 scheduling requests or grants plus an additional offset, denoted as offset_17:

timer _l=avg t__ +offset 1

inter

(EQ5)
The value of offset_1 may be set to a value so that timer_1 has a first time threshold T1
equivalent to a value of a timer detecting RLF in the user equipment 10 specified in the
standard document TS 36.331, e.g. timer T310. The first time threshold T1 may be

30 updated when needed.

In some embodiments the the timer_1 is only activated when the user equipment

10 comprises a buffer that is not empty and only when higher layers, e.g. Packet Data
Convergence Protocol (PDCP), Transmission Control Protocol (TCP), Hypertext Transfer
Protocol (HTTP), indicate that there is traffic activity as stated above.

35



T2 may be preset or adjusted to neasured statistics. 20Step 412. The first
radi o base station 12 may then determ ne whether the second tinmer timer _2
expi res bebana/wervei ving an UL transm ssion fromthe usecTageeipoenst 10. | f
the second tinme value 12 has not expired when receiving the UL transm ssion
the radio link is considered to be funcffonal and the process may end.
25Step 413. In case the first radio base station 12 does not receive the UL
transm ssion f rSthﬂbé Theeuses gauipment 101may detsrraing whether thedfirstitimethrgsbolds e

g?ul:f)?gm tﬁ) IE‘% eé%a Hﬂb? réfzﬁ'{]e ! n%‘éh&]m}of %@Iefm%é%‘?'noi @iM@HQEé’ratdfb Iikhigui try

bour where N may be
one or noreonsidérediie beimctlemllapm prpgessagamq)aaqkée SMFEM@ e on

referencedgkénglgﬁ-1 |§Qxée|%9P?\e1‘?r$dio'hhﬁlisyln iPatb@ 8§ failBBASUr ement s a best cell in

ternms of a So-ca target ce m ght have been indicated, such
as the s®cond cell 16. The first radio base station 12 may then forward the

user equi prrent t@gtu a{n&ﬂ‘bﬁﬁrﬂercf’mer&'el'édilﬁphéhtslosrﬂ ,ﬁﬁshsaﬁucm and

maybe to CIrCUI es co I ng oTher cel hese ot be

cel I's i ndi valuecto tbsls%ﬂ"pgéiﬁtmo h@%ﬁ $t?¥‘3ﬂ 18 g{h&hyaiqg ig HéPP?'ﬁ%Ya'%!"F""itﬂ‘g I % f or

exanpl e LTE Rel.&a% m%ﬁtid‘f% roreio g1ddi o base station 12 may keep track of
cell's vx/r1er§auser 3“'? ent s, Jsuceﬁ as the WD 2011/ 102774PCT/ SE2010/ 051481

17 user equipnent 10, are handed over. Hence, information on nost probable

target g¢gll s i St ﬁgﬂ;t é&gé1P-414aPé'mE bfRel W@e irstraio bagd staionMs & may be

used so as de s to I ch the user equi pnent context is to be
f or war ded inglcmdrb&éfﬁ%\edﬂin@erl oad Indications 5 (01) received by

nei ghbor cells. s%é% 419. Bp&P PERLPIidASFIRE CNWRA tHiCsheBifit V18 iridishtiAg REF Ghe first

stations. Such rntormation Is a good indication of sone user e UI pnents in

the first tagiobass statipnd2emateansgitanidkschedulinggrank message i MeUseqt i ng
interfer enﬁ@.l ibrAentAOS SsKilR) 18/He0 Y6r &RMvipte, a report ofrthie UsBPéquisMentibaffér dihat t an

scenario t user equi prient 10 al nost always ends up in the target cell and
t he samd>applies, approximately 80%of the time, in a high speed 10 train

scenario. HencegiepU199TRe ﬁ&‘omw@a"sb%téti%hwanﬁhmeﬁ Gtai'th&pdﬂ ti‘énsnﬁs“sio?ﬁof the
controlllngthetar get cell and one nore, ce suffici my
happen t habL&Fhedyling grank @ sesond,timpr, danqted as, Q@P%U?&?@rﬁ se(?ﬁﬂ‘fﬁ'??? vglge
forwarded b endydatgredet 8 adiistd o MeaBuredstaistitese station. In this case, one
signalling nessage via X2 is sufficient. 15Step 414: As stated above the

first radio base station 12 may store the user
20 Step 412. The first radio base station 12 may then determine whether the second

timer timer_2 expires before receiving an UL transmission from the user equipment 10.
If the second time value T2 has not expired when receiving the UL transmission
the radio link is considered to be functional and the process may end.

25 Step 413. In case the first radio base station 12 does not receive the UL
transmission from the user equipment 10 before T2 expires, then the user equipment
context of this user equipment 10 may be forwarded to circuitry or circuitries controlling a
number N of neighbour cells, where N may be one or more.

If the user equipment 10 has reported measurements done on reference signals,

30 then very likely in these measurements a best cell in terms of RSRP, or a so-called target
cell might have been indicated, such as the second cell 16. The first radio base station 12
may then forward the user equipment context to a circuitry controlling this second cell 16
and maybe to circuitries controlling N-1 other cells. These other cells may be cells
indicated by a previous mobility history in the first cell 14. In for example LTE Release 8

35 the first radio base station 12 may keep track of cells where user equipments, such as the



equi pnent context for the third tine value T3 seconds defined by the store
timer Timer _3 and request the circuitry or circuitries controlling one or
nore cel Iwoto1voesa t he user equi prent context has beenPlCorsmaridesi4sp send
their ciphering keys. It should here be noted that -the user equipnent 10
may transmit the second 20 indication t¥ the first radi o base station 12
after determning that the channel quality is below a preset threshold as

i ndi cat ed US§T eawipnarns A8 dare ihandedovesvidenteuigformatiorf on mbst prdbablédtasget st ison 12
My nonit giaiidpe. traffic activity of the user equipnent 10 before testing
the radio link. 25 Fig. 5 shows enbodi nents of a nethod for enabling
the user equi phegthentype of @&mtwrswhlahmyrb@msedrsmas to definedtte celtstomiichcat i ons

net wor k. Tﬁ@uﬁ%&uuﬁﬂgnmﬂt EtB Effmd' X%?ﬁ'esg%gés @g&b&i@ﬂﬁ.ﬁ&%@goﬁeps

510-514 are performed In |o base s I on The
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information in DL,
first radbginggiasede amcgw nejghboygsel@nd/ crepting interfgrercEotodh @@ ineighbodr cells. St ep

20U ahe peer FEHMBERE, il MEfafPiRnbho 1A Pe AU @aéwnaa%upé;}s‘@agg or

cel | synchronlzatlon |n ormati on sSuc as a C rate or sirm
502. The YB# thederoptalanddhe srroe apnliest anproximately 80% of the timeninzhigh spead 5

each Tran&@inssteRatiol HeRcd, M %Mé‘bnﬂg&“ﬁeﬂ s"_feﬁua? ﬁgﬂ% fhe dirBGitrids Bnt?dimgqﬂgnt 10

recei ves a nunber of consecutlve out O zatiron In |cat| ns or
third i ndt@geticshand ape moeacelgnay B%éufﬂ@e@tn mayshpnem that alhef the: celisde whichon

during a themser e&@?maﬂ\t coﬁ@xpfstfomarmbeem@ab thd E4HhE t a%vat.ta Wﬂen

the radio link suc al to nter erence plu I se

(SINR) or this ﬁ?ﬁeaP"eﬁ!Q'éﬂi'ﬁ‘%EP%ﬁﬁgavﬁg)’&Z isyptfilsiedhi zat i on threshol d val ue and an
in- 10 synchronization indication may be when the radio link quality is
above a_hi gh synchroni zation threshold value. The | ow synchroni zation

thres hdlsd may BEER $lfAsistated abeverthe first (adichase; stationd? ey etetedheiuser ue.
In some eglGiPgneRtYontext fof tHESRird B IVBRRNT3 sjerﬁB%Vdéfﬁéé Bl tl%rht&'éttln@(r Tlmer

synchroni zati1 on i ndi cation over_ a physical downlink control channel =( PDCCH)
fromthe 88dfequest the girquity-arcirguitries santallingone 9ranere cells &ow@lwhe yser

synchroni ggii ﬁmeml dbﬂte&ﬁﬁé%n%ﬁfdﬂééiﬂ@ s@R@Weir ciphering kbyd. he user equi prent 10
det erm nes It is in synchronization the process may go back to step
500. It should here be noted that the user equipment 10 may transmit the second
20 indication to the first radio base station 12 after determining that the channel quality is
below a preset threshold as indicated by the dashed lined arrow. Thus, the first radio base
station 12 may monitor the traffic activity of the user equipment 10 before testing the radio

link.

25
Fig. 5 shows embodiments of a method for enabling the user equipment 10 to
establish a connection in the radio communications network. The step 500-504 are
performed in the user equipment 10 and steps 510-514 are performed in the radio base
station 12.
30
Step 500. The user equipment 10 receives DL PDCCH, Primary Synchronization
Signal (PSS), Secondary Synchronization Signal (SSS), and/or other system
synchronization information in DL, e.g. on a Broadcast Control Channel (BCCH) from the
first radio base station 12.
35



20Step 503. When the user equipnment 10 is out of synchronization the user
equi pnent 10 may transmt a random access request over RACH The random
access nayoheitmwarigm tted at, for exanple, a tine instarCTSEal0asEsl on t he
basis of the stored radi o conmuni cations _network or cell synchronization

I nformati on. Thus, the user equi pnent nﬂ? attenpt instantaneously a random
access to the first radio base station 12 25 using the stored cl

ck
The steps bel ovStepG0s1Theuser gavipaenttd may sioee thead °F8@‘FB’"!F&E%“SS’F§‘P’?'5&'12 as
i ndi cated by d n&r&ﬁﬁiﬁg infbfation, such as a clodkeBteoF&imildre first radio base

station 12 receives t random access request 30 which may be out of
synchroni zation fromthe clock in the radi o base station 12. Step 511. Upon

reception of a gg E%@m W@s’%‘?ehﬁiﬁ%ﬁﬁd\bﬁé&k@whéﬂheﬁbélh@m sfinthironizaton 4to t he
i nstant of exact Synchronization, i.e di fference qlrg@er than a tinme
t

advance 5 eachdlraesmisgion Tims Integyal (). & Gbﬁ’éﬁ"ﬂ@e the userguIpm FEEGIVES Base

station 12, imierldf 86 Rathtivarbutbf %‘écﬁ:‘éh&d&ﬂd macsxroa\atortmtmcams aRdldogsmoit 10
which is prone to detect soon first

h
2011/ 1027 7eepeive sEimaymchronization indicatigndysing "5'!%'(‘?‘%5\‘?' 1An put of synchrqnizatipn,

identity Oﬁdi’gﬁﬁ‘odﬁ 8Y b€ WHER Y YadiblinR gtlaity, REER as Slgtnbﬁtoflhtéﬁéreﬂeé blud Moisei nce
the first base station 12 nonitors active iinks in,the fir

cel | 14. TRatiQfSINRhersim|largdiors RelowesloWs¥ng °T'F@'°03Qrtes@?lﬁlvﬁlf+ﬁﬁpd agn 'may

request 4of ncﬁ?&ﬁﬁﬁhtﬂ\ mélcéﬁtﬁprhhy Bé‘whehlﬂ‘fé‘t‘éﬂloﬂlhllQuﬂftytsh!bo\léemlgmw prnent 10.
Bef ore pol t he user

a tation 12
noni t or ch%)ﬁh" fonizgtion Wsé‘ﬁlﬂ’c‘@“})et”&ﬁ? *Q“(:SVQEW"UF?SP%‘FWSEBF&r‘B?M be 'PYvﬁT({mx the
St ep 513 E,Bﬁ ﬁd}ﬁn,i@ghqggm ﬁé@él ion 12 may then start a second tiner
timer that has a second tine val ue Theflrst
radi o base st at INGIPME2MBQAIMARS, tﬂ%t“é?’rﬁ%’@”@ﬁﬁgt"ﬂ&aytq?i fgge o i mer timer 2
?;( D[I_rzeﬁ befsﬁ{cﬁrdn%ﬁd)rv inBidatich &ler tarphpgaammmkfddmrbt &lﬁnusle(PDemH) fionvthe 10.
e S b e AL T2 S B BB e 8ed 1 1
above.
If the user equipment 10 determines that it is in synchronization the process may
go back to step 500.

20 Step 503. When the user equipment 10 is out of synchronization the user
equipment 10 may transmit a random access request over RACH. The random access
may be transmitted at, for example, a time instant evaluated on the basis of the stored
radio communications network or cell synchronization information. Thus, the user
equipment may attempt instantaneously a random access to the first radio base station 12

25 using the stored clock.

The steps below 510-514 are performed in the first radio base station 12 as
indicated by the dashed line.
Step 510. The first radio base station 12 receives the random access request
30 which may be out of synchronization from the clock in the radio base station 12.

Step 511. Upon reception of a random access request with a large time difference
to the instant of exact synchronization, i.e. a time difference larger than a time advance
value the first cell 14 supports, then the first radio base station 12 may transmit an UL

35 scheduling grant to the user equipment 10 which is prone to detect soon RLF. The first



15 Step 514. In case the first radio base station 12 does not get the
UL transm ssion fromthe user equi pnment 10, then the user equi pnent context
of this uwsenoaguwepaent 10 is forwarded to a the circuitPCTOE2Q0084BL ri es
controlling N neighbour cells, where N may be one or nore. 20lIf the user
equi pnent 10 has reported neasurenents tbne on reference signals, then very
likely in these neasurenents a best cell in ternms of RSRP, or a so-called

t ar get celradiprbgse statione! 2oig @warenofi thaidedtity ofithe user eduépraentoitchndatherd fh théhe

first radi ' ; L he er I PITE ntext to
acircuit lrﬁ?f; tggf\ﬁ%W?F\%ﬁ%ﬁg%c%gg&géﬁﬁ%%gé% aﬁﬁ@%?"ﬁ’ﬁ%f‘@%ﬁ%ﬁf?' I es of
ot her cel 4. Thendk echeduiing arant message the theluseoequiprenti iatmag réquedt fax pr evi ous

mobi lity Ri | ' I A . 8 the
First T adeainaela ieboltth d Qift <68 ot tktset ydihedt 107 Bbre fonigihf 8881 o rom <
such as >t gguigment tQthe padiabasostation haimdy thoniter chanreelawpiality ahdlontisffio actimity most
probabl e Q,fl(hg%disg},%_s is available. Another type of information which may
be used so as to detine the cells to which 30 the user equi pnent context is
to be forwarded is X2 nessages on Overload Indications (01) received by

nei ghbor cells ' RATaH | G5k r.adi

stations. Suchsit%&??r%? ?gn 'S 'asﬁoﬁ%dﬁgﬁ%f@%no%%%ggb%ég@?g'rgen
the first thathas aseeandtippeyaleeT20 anot her nei ghbour cell and creating
i nterfggpence to those nei ghbour cells. For instance, in a Manhattan

scenari o the user equipnent 10 al nost al ways ends 35 up in the target cell
and the same aStR & The frsbradimbasestaion 1Zrmanthenideterming whethegthesgasond WO
2011/ 1027 THBIFSEIUBABATE rélhilihg b URHRAGIsSion HRRE e sl SRIFETRB! ment s
forwarding to thé circuitry controlling the target _ceFI an i nore

ci rcui try cont Kdi2haggohexnined whes|recaivingstiefUlctransmissian theyadiafipein t hat al | of
the cellschrsiadie@td B ¥andtivRbl SHthE PRitesSOfsext i1s forwarded are controlled
by the sane radi o base station. In this case, one signalling nessage via X2
is suffiPcient. 5 Step 515: As stated above the first radio base
station 12 maysepse. iMeasdiné ﬁ@ﬂwdwTsa%e s%?igﬁggtgofa@holtéb?tﬁ[ér}ln[ f#aﬁéngfresiergg'r ue T3

seconds defined by the store tiner Tiner _ reques e one C

cel l's, i.&omdhe ysgriequipment . then thegiserrauieent contgxicof this user equipment h0 ishe
user equi piFRBided A te cifdaitryRP eifcdithl i bils, &h ' eys. 10
The net hod stegs I n thce|\ uisirgr equilp%ﬁ?rﬁ%m?%ﬁﬁ%ﬂbﬁu?ﬁ%ﬂsigg?r%quﬁgb%ai | ure
in the raBM®OCcHR®Ni cati ons network according to some general enbodi nents

Wi ll now be deggid R ellibMehEi EhAYYEBokdl Rehd PURBAS doAE Bh FrééntdsiGhals, 6. The

steps do not have tqQ bhe ]
then very likely in these measurements a best cell in terms of RSRP, or a so-called target

ts in

cell might have been indicated, such as the second cell 16. The first radio base station 12
may then forward the user equipment context to a circuitry controlling this second cell 16
and maybe to N-7 circuitries of other cells. These other cells may be the ones indicated by
25 a previous mobility history in the first cell 14. In for example LTE Release 8 the first radio
base station 12 may keep track of cells where user equipments such as the user
equipment 10 are handed over. Hence, information on most probable target cells is
available.
Another type of information which may be used so as to define the cells to which
30 the user equipment context is to be forwarded is X2 messages on Overload Indications
(Ol) received by neighbor cells. X2 is a communication interface between radio base
stations. Such information is a good indication of some user equipments in the first cell 14
being close to another neighbour cell and creating interference to those neighbour cells.
For instance, in a Manhattan scenario the user equipment 10 almost always ends
35 upinthe target cell and the same applies, approximately 80% of the time, in a high speed



15 taken in the order stated bel ow, but may be taken in any suitable order.
The user equipnent 10 is served in a first cell 14 controlled by a radio
base st atwornrotizioartd t he radi o base station 12 is conpri ®€u/SE1Dlog148Rdi O

comuni cati ons net wor k. Step 601. The user equi pnment 10 detects a
first indication of a failure of the radPo 20 Iink between the user
equi pnent 10 and the radi o base station 12. Step 602. The user

equi pnent ttdin seanario. Henve, iprsomé erabadiments fonwardingte ths cifquitryrestialing thge ¢ r ack
a channel ' f adi W ey'em ﬁé?gp ] i fRatalll0 may
keep trac ktg&%'t %éelpr/?n@r}réﬁgee&@p&i é(‘:) gmé)l]lm{ﬁimr adi Oksﬁuﬁc{iﬁ%ﬁﬂéy ﬁQwSt ep 6a03. The

user equi pofeie celis torwhichihe usns eqriponheantext isforwridedaresoplfolieddydhr A | i ne
determ ne mhether sfaggn.qnmggéiegpgé é%ﬁa@ﬁ@ﬁgg@ag@my@gsﬁhﬁ@ﬁhm d val ue

and/or is below a ['ower thres n sonme enbodi nents, the
user equdpnent 10 tracks the channel quality of the 30 radio |ink and

determ nes that ngﬁgngl RS btatdfhpodk tidiref radioliaist Yiaion 92 fRlyatérthe\ign ¢ he

tracked channel ty exceeds an upper threshold value and/or is below a

| ower t hr eedquiprdentgbulext for the third tipe yalge ] 3 seprndsiefinedioy ihgestrre imerdinarad some

ermbodi rrent?nd"'%q\lll\ﬁé;@t t r?éjorl}xorfeflguéftéh&ﬁtultﬂiésecdﬁgamﬁ fheorieldtiridré caIR{ to/i ty over
I'n en e

the radio e track %g 35 exceeds the upper
esen

) channel qual i 2eq .
t hreshol d whichthesusgr squipmentegoniext hias begndprwand d $hgin fdpheripgkeys.

2011/102474PCT/ SE2010/ 051481 21 Step 605. The user equi pment 10 may
I n some enbodi nents as indicated by the dashed line trace a tinme between
receiving or transmtting a first scheduling nessage and receiving or

transmtting a pReMBhoachGHUA ir{&slé?éé@ﬂﬁentwfoemh%radi&mkuaiﬁrre paHée prent 5
10 may trace the tine between a transmssion of a s

] e | ] edul i n‘%qr e@ est and
reception tAdiccomRERieations ngiwers acagrdipg torjome general gmbgdisigts V| Qo i@r
equi prent 40 KBYA with FAERRNEITROSHIGRHaR dipicteddh Fig. B THY steps doagteslelto be
determine that the first indication of a failure of Ehe ragio link is
det ect edSwiakan ingthe prder statedbbelow . But may) be takanj 20K suitable prder- TRE LSS 9, and

there is daj@pheht1®Ni€deqtd i HHREERI BEdntDIY bya Fto bserstativni 12randithd Aadicor
the radi o base station 12 St eP 607. The user equi pnent 10 may in

some enbodbasestations!2 in gpmptisas iByhe rAdiacorHRYNIEatioRs et e t he traced time
with a first tine threshold (T1l) to determne that the 15 first indication
of a failure of the radio link |s detected. Thus, the user, equi nt .10
transmits, see StepPl1dhe uper equipmifnt iﬁ&?‘@&'ﬁ st d'F%l?"r"Z&ifﬂﬁ'g%angf%ﬂ'? on 12
when t heot [RcEdwbénhetsersgliprhért 10idndithd ratio baseatdtiohd2( T1) .

Step 602. The user equipment 10 may in some embodiments as indicated by the
dashed line track a channel quality of the radio link. For example, the user equipment 10
may keep track of performance metrics of the radio link.
25
Step 603. The user equipment 10 may in some embodiments as indicated by the
dashed line determine whether the channel quality exceeds an upper threshold value
and/or is below a lower threshold value.
In some embodiments, the user equipment 10 tracks the channel quality of the
30 radio link and determines that the first indication of a failure is detected when the tracked
channel quality exceeds an upper threshold value and/or is below a lower threshold value.

Step 604. The user equipment 10 may in some embodiments as indicated by the
dashed line monitor a traffic activity over the radio link when the tracked channel quality
35 exceeds the upper threshold value and/or is below the lower threshold value.



The first time threshold (T1l) nmay conprise an average tinme between previous
20 consecutive received scheduling nessages or previous consecutive
transm t two 28ciheelTki ng nessages, and a tine offset. For pexaEpdiIe/05EBI aver age
inter-arrival time of scheduling requests or grants, avg tinter, may be an
appropriate indication of the traffic a€tivity for the user equi pnent 10.
The tinme offset may be set to a value so that the first tinme threshold T1
is equivalent to the value of timer T310 in TS 36.331. 25 Step 608.

oy oo, o Step 80 e b GASN 1DifayIRSBRE dldiBimenlé at PRlcaRAARE T, 1

may store a clock ti ( 0 conmuni I ons networ exa the
user equi ehad ling tiaee adims betwaen rdceivingtar rapsmittingca firsbsphedding mkssagmand

station 12ecedfhe SMrdQMittin §%d%ﬁ9ﬂjliﬁﬁgﬁt§ﬁ€g}d Fﬂp%ffagﬁaffféj thyY ¥%é§§qgﬁﬁ|%ﬁ{j

l'ine, the user “equi pnent may receive I'n r'on e user
equi preft 19anaxtraseithe time patweesr# transmission afla scheduliagirequestandieceptioorof a

net wor k. EBRsbulifd'§rar€ ey oLndi cation of radio link failure in step 610
bel ow may conprise a random access channel request. The random access

request may be transmitted as the user equi pnent 10 detects the third WO

20117 1027 14°CT ISk 806 The 1déreqtfomdil 18 3dy IR sbi@lentdinisHS aS MUICBIZRY 0 | S

out of synchroni zation. The second indication may be transmtte y usi ng

t he st or edaghesdipedetasminethat the first indisatieneof afailurg wkthe radiodink issietacted Weensecond
i ndi catjipOfrafiic ey Yalls' HeYowan akthity g\r Qmicbgn& aﬁré"st@a??béﬁ dgﬂbr&%cé‘we” the
first indication of a failure 1s” detected, |g:h second 1 ndication may be
used as a aFtivitydetheser equipmentJ0ferdhe eatlio baserftationnt2ext to a circuitry 131
controlling a second cell 16. The circuitry 131 rmay conpri se hardware

and/or software within a radio base station configured to provide radio
coverage over OHRP &Y:JIhe ugen gauipment 10 mayin gomeeambodingnteas indigated by thewdi o

base st at iashebdinERBmparetfe traged firhs With @/ flrst lith - cel |
16 and Cog%réi Semt.hem?i re.Cu(iatr t hat contr ol sﬁgégg%ptggfwg%qw% The

user eddi Hfkindication ef,a fallygiof the radie ligk isdatected. Thus.dhauseneauipmenh#0 second

cell 16 tQaﬁQﬁws@séél_eteﬁjsao, tAE dbESHRYhdidalionie iRl radiolast SRtiof 99 WRBR e CONt ext
I s used when det?tabl I shing the connection in the radi o comruni cati ons

net wor k. irgced time exqeeds the; firstdima.threshpldi(Rd). net hod for handling radio |ink

failure in the radi o communi cati ons network, a user equipnent is provided.

Fig. 7 is a bl g_ﬁk di@gram decﬁi cting the user equi pment 10. The user
equi prrent 10 i < e frstivge thieshaid (1dh) may|qompAise aR AVeREe Hms,\petwaen preNieNsHas e

st at i orol2onsecutive received scheduling messages or previous consecutive transmitted
scheduling messages, and a time offset. For example, an average inter-arrival time of
scheduling requests or grants, avg_ tner , may be an appropriate indication of the traffic
activity for the user equipment 10. The time offset may be set to a value so that the first
time threshold T1 is equivalent to the value of timer T310 in TS 36.331.
25

Step 608. In some embodiments as indicated by the dashed line, the user
equipment 10 may store a clock time of radio communications network. For example, the
user equipment 10 may store the clock transmitted from the radio base station 12.

30 Step 609. In some embodiments as indicated by the dashed line, the user
equipment 10 may receive a third indication that the user equipment 10 is out of
synchronization with the radio communications network. Then, the second indication of
radio link failure in step 610 below may comprise a random access channel request. The
random access request may be transmitted as the user equipment 10 detects the third



20The user equi pnent 10 conprises a detecting circuit 701 configured to
detect a first indication of a failure of the radio |link between the user
equi pnentw0Qoana217he radi o base station 12. The decesERNng/osi4scuit 701
may further be configured to track a channel quality of the radio |ink and
to determ ne whether the channel qualit9$2exceeds an upper threshold 25
value and/or is below a | ower threshold value. The detecting circuit 701
may then riodicaton thatthebser equipmient 19 isubef syRehrepigation. iThe Sﬁﬁé’% indieatiop Ma¥ed

channel q old value and/or is below the | ower
"4 fdntRAIird Ve URPE clbb id)

t hreshol d val ue ting circuit /701 may then, when traffic activity
falls below an activity threshold and there is data buffered or protocol

activity in th%@ﬁ%ﬁgeﬁw me@.&%ﬁm (iR nlid M sdtane indicktibe Bf rhdio udrat ermne

that the 30 first ication O ure of the radio link is det ed.

The det % tfaitufe ¢ theuadio Page atation 12 when thedirstdndicaliop ofia fajlufg ig detested, ic et ween
recei ving Qieohd MRl J{ Hggg bé uEé& aé a UidyRFtY fbﬂ@r&ﬁi@éﬂ@qm@ﬁ&tr@ﬁ@mmg or

transmtti Nng a Secon edul |ng message. For exanp g%dbetwee

recei vi ng ercoitryddn saniroling seaend sa4 16 SFeitry 431 BYayéﬁ?m&’é'ﬁ?l

the recei vggas ﬁhr} 9dif 'basd statuM&ﬁ#e@Q@BMB@%&E%Q@%Q&&@%@@%OM | n
sone enbodl nment s, det ectlgg circurt 701 maegqfurther be CO{_I} %mred to

track a chealril§ |tqh@l-!|<i’ heredze nated thatithg redip pase,slgtion, 1 may srivgdhe BeAsel y
on the ¢hapgs mu%be&a& oehlh%tanh%n{dngé thel direlifr tha® BoktfolsitHeadebonidcdlistedet ect ed

fred

when the trac hannel quality exceeds, an upper_thr val ue lor is
bel ow a | ower t'Fth%Sf%Pﬂu'%.‘PD%m Wﬁ@aweélﬁﬂfﬁfﬁl cqrﬁr,oplﬁg ec%ﬁ?ﬁ?‘i’ gﬁ‘gg
transm tt ejg anfedRE LGEH &flignferit 18 Whatdin thesRepagLipriaht@adhieRnis abediwheali 0 | I nk
failure when the first indication of a failure is detected. The second

i ndi cat i one-ﬁatgllsblag thesepnaectionin thefadio,commymicatign$neMark- e qui pnent cont ext  of
the user equipnent 10 to a circuitry 131 controlling a second cell 16. The
circuitrg 131 10 may conprise hardware and/or software within a radi o base
stationleonfigured to provide radio coverage over the second cell 16. It

shoul d here be RQ@ét té pafforithemigihed iaaﬁ@nomhgtradmrﬁaram |r$fhlé\rad|bhe first
cell 14 as well as_the second cell 16 nd co | %n?n 8I| |tr 131 that
control s tp@n@g@ﬁﬁ@nggpwoﬂsauserequnpm sarsog qﬁpp 7 dlogk) nabl es t he
circuitry deplctingihed @é.elrleaguph:léﬂt wqmed:seneédulpmerftam@s se?ve!dalntMSwwﬂ%qw pnent

10 wherein the user ment I S used when establishing the
connect i on°9'}'|f°!'?fbb¥'§‘8 Bd'geﬁ'fﬁjﬁtiag %ns net wor k. I n sone enbodi nent s,

the deteggting cTheuddr eqlipmeny10 meesbedetanfrlggur(ﬂdt 701 confipured td detedtraac ed
cont 1 gur edlEbMEEaiemA® fabes 5L e e e BsvpEh ersn easPrceritie 4t coas
the first . bagsesstatiohe@hol d T1. The fir st t | rre threshold Ti nmay conpr I se an
B evi ous. consectis daeBng Rl 7afmas el PGS HELERe TR0 thath fEARRHCC,
the radio link and to determine whether the channel quality exceeds an upper threshold
25 value and/or is below a lower threshold value. The detecting circuit 701 may then monitor
a traffic activity over the radio link when the tracked channel quality exceeds the upper
threshold value and/or is below the lower threshold value. The detecting circuit 701 may
then, when traffic activity falls below an activity threshold and there is data buffered or
protocol activity in the user equipment 10 for the radio base station 12, determine that the
30 first indication of a failure of the radio link is detected.
The detecting circuit 701 may further be configured to trace a time between
receiving or transmitting a first scheduling message, and receiving or transmitting a
second scheduling message. For example, a time between receiving a DL scheduling
grant and transmitting of an acknowledgement of the received scheduling grant.



25Al ternatively or additionally, the detecting circuit 701 may in sone
enbodi nents be configured to store a clock tine of the radi o communi cations
net wor k awoaonemwery 703 of the user equi pnment 10. The decesERoigosi4scuit 701
may then be configured to detect a third indication of synchronisation that
t he user equipnment 10 is out of synchro?ﬁzatlon with the radio

comuni cati ons network. The second indication of radio link failure to be
30 transnitt ed h someembadimentsathe deteating girauit 78dymayhfarthertrgpcandigurad tatraakm
access ch 0 o he
Chird i ndoaannetaduRy br dp FARSNAL, B0 8 b Yool iehtly h i crBh SISk BY. o
synchr oni iﬁtlthﬁ]fﬁfﬂﬂ@c%i@@(ﬂﬁé failvie isdetentedwlyent therabked chansefi qualityl eBgeadssi ng t he
stored cl gakpbbffRreshdlfPvalie LndRf fs ﬂ?ﬂé%@?We%&é@éu%A' The menory 703
may conprise one or nore nmenory units and nmay be used to store for exanple
data suéh as threshold val ues, quali ty val ues, tiners, application to

per form t he netrhgdged &y rﬁﬁ]ﬁf"{ﬂ.ﬁ"ﬁepg Cti'ﬁr%‘;’m r%?cé’rﬁﬁpreﬁ%wm{alo or

simlar. 5The enbodlrrent ereln han Ilng ra arlure1tn a radio
conmuni cafeeANs indieationiof awgdie link ﬁﬂlﬂféméhﬁ finst ipdigatiamef afeilure isdeteddedssor s,

such as 2 THe@&6SH iRdlcdtion Ty bel fdbd &t 4 1§ gei36Tor w&n‘é‘é}teqégnguncﬁé‘ﬂ ofN Fi .

7, together w th conputer program code or mn I'ons and/ or
met hod st &psusss eﬂWEm@ﬂ%mOr?e‘WtcﬁltWéﬁélcﬁntrdimg qundmeﬂ:@@eThemrmwtmém above

nmay al 99 RfayRioMprise Aadvare m%ﬁ{)vaﬂer Wi T r2YiO BYSE st &-]; cohf ur@§ Elf)gldbn the

formof a data carrier carry r(r'}g raputer prog ramco
present s&dR Fexer mebmersgcp Hshould éetﬁsbﬁ neted lf]aﬂhetraqlo bas:el etagqm h

carrier mag oy defvel 8 fifspea) #f adwelPaSiAY s cdif 16 Shd KHRHRE teaRLBY Y
other data carriers such as a nenory stic e conput program e may
furtherrr[)ah,f'tffien tiothe seeondeqdiife program code on a server and downl oaded to
the user equi pTRELsikquibment contektihabies the &c@i’tr&‘i& CoRPSIME the sé&%d%@?' o base

station 12 receiving the second indication f he user -equi pnent 10. The
user eddi ﬁﬁé%e%th@sgé?%mew 10rehereipdhe wsar equipmepheandgt iscuseg whea r adi o

base st at iesfablishingdAd BénredfibrPintAS Padid Edmminidation8 MBfWorES @ detecting circuit
801 configured to receive the second indication fromthe user equi pnent 10.

The detecting circuit 801 is configured to detect a failure of the radio

| i nk between tnesmémswmen@,nmeﬂe@t@nﬁ%&mnrmhﬁhﬁ@ﬁﬁeﬁﬂeaéohﬁguré&oby

receiving the second indication fromthe user equipnent indicating a radio

link fail GPAPYEthRraceddime with g digst timg threakald TiOTheZW'mﬂ@@ﬂ“%Vg}h%" beuit 801
conpr i 20S configafdd to graﬁsm telseBORd MarkhiicHWkéh the tFa%&& tiBRxEstdisqné firdttirRy
transmtt g Egﬁs,gﬁgg_ o the user _equi pnent 10 and to conpare whet her a
response h’g $ho, irss imerfhresheld Td duavsasrrise @naverags t'ﬂ‘es‘%%‘ﬁ?ﬁl‘ RIEWRUS al ue
T2 of a seomduﬁverreéenﬁ’éa?scﬁeamrng%é&ag&eor%ﬁ@mﬁ don8Bcuti9é Henshditted Ne radi o

base st at | F r ses forwarding circuit 804 and if the second
edu ing me sages, and a time offset.
25 Alternatively or additionally, the detecting circuit 701 may in some embodiments

be configured to store a clock time of the radio communications network at a memory 703
of the user equipment 10. The detecting circuit 701 may then be configured to detect a
third indication of synchronisation that the user equipment 10 is out of synchronization
with the radio communications network. The second indication of radio link failure to be

30 transmitted to the radio base station 12 may then comprise a random access channel
request transmitted as the user equipment 10 detects the third indication of
synchronisation that the user equipment 10 is out of synchronization. The second
indication may then be transmitted by using the stored clock time.



30 tinme value T2 expires the failure is detected, the forwarding circuit
802 is configured to forward a user equi pnent context of the user equi pnent
10 to a cwocuitrwy77a31 controlling a second cell 16, e.gPchsE2(10/08@80i ng t he
user equi pment context to circuitries controlling N neighbor cells.

The radi o base station 12 may further cgﬁ'prise a store tinmer 805 during

whi ch 35 neans 805, the radi o base station 12 may store the user equi pnent
context in a rre'ﬁ'@rryemm72131m¢3&m@@ﬂﬁ9£9!91@m5!94¥3'1"'§?5a@0‘73¥Pﬁ' usesi Qeconds.

The nadi © 63 Tord@ioiudha U oSl PenbREVARRS, dliy!vauckl Gl apiisaon 1of L he N

nei ghbor ce nprise one or nore uni.ts and
may be useperioomshemethods h@%ﬂﬁ!h%n B&e’ﬁftﬁ'ff?da‘%!‘ tf‘ﬁl“é%’iﬁﬂ“!?"\‘%ﬂngégr sigifafi ¢ y
val ues, user equi pnent context, timers, ciphering keys, application to
performthe nmet hods herein 5 when bei ng executed on theaéadl 0 base,_station

12 or si%ilar. The embodimentstherrintanhangiivp sadio fink failurgin A feaie RMIBICAUANS; pnent
10 to est a@éﬂvﬁ gp&nﬂ?ﬁérh&ﬂed fhr@ug}?&iefbrfhﬁﬁfgbfbcéﬁéd@ fuch @b agriscessinge
e rou

I er| enment one or nore rocessors, ocess| n Ci I’CUI t
806 in t hecireuit P4iadhe %QQSPHB'R"‘PEP W derigtedin Frig%‘?q%’ef "H“G@‘@Pt?g

comput er prayary é?ﬁﬂﬁmb?ﬁe %Eﬁ&fs@n@ﬂ)r%d‘dﬁl@ﬁd &fke émdbdlfneﬁﬁtﬂwéln Slheps of
t he enbodi ments 'hereiln. Bro gram code menciloned above a/ §
BBy 6‘|' 4%Yat a

provi ded anOQfadi"bﬁﬁﬂﬁ"@mt?PS@la e MaY alep beprvidedasaeampiyter pa

carrier g aant}éhamCtﬁ’éerﬁhQif aRfa@Q&&ﬂbﬂé&i'@mb%n@ﬁfe? Pratiraly cobie fop pederntingsiheut i | on
when being loaded into the radio base statio

in the forﬁﬁe§¢ntz§°'@E'P’RdW'éIP§'69 Iqqdep@tggi%mg%qlpmgg{gbopge\ﬁpffﬁg%hﬁagg a

carriers sjGhe ftmaf ARIBROM His6. kIt is HoWeUsHTRALIISE with @fHer datisfriers gudhuas der nor e
be provided as pure _ﬁ@ogr am code on a server _and oade

to th di
base stati BmMpy stisk RHSRI RISQTAE GoqeMmaY fP%'aﬁfB‘°bea§%Pg°tV£‘F98ﬁ%E? frggram °

enabl i ng t heyelisia sédér addtwnidhded té fiedlser eduigmemtrigect i on in the radio
comuni cations network according to sone general enbodinments will now be

describd8 with reference to a flowhart depicted in Fig. 9. The steps do
not have to be taken in the order stated bel ow, but may be taken in any

suitabl e order. _The us equi pnent.. 10 (s, served the first cel

14) control | ed bfi% ﬁés?gg?% Eéé“? thﬁt’%‘!'? Bﬁsﬁﬂa%{?’ﬁée'r'&a."be %efggast ation 12
i's conpri sgpdicatior fiém tisliser equiheht 0. The usercdquipment 10 is seriécbin tdfirsiitall dadi o
base station lzﬁéj% cts a. fai 'étlgrai the radio |link between the user

equi prent  $enteol errﬁﬂ'f’@aﬁﬁé ion 12 by receiving the second
i ndi cat iogn f rOWﬁ@rédtﬁbaWatmmmiﬁnséﬂa déteeting cineditid0d iconfigured forrdcaive es a

o S eebEdess o i 43 cHBaf it 20 ok ARSu 07 b
message totg d!\ﬁed%eféllueé] of theradio lifhbetwadn thehaseequiprmentri 0lzhd the radimbaser es
e | g3 3By el LY S APl R B g g
det ect ed. nma&m%ﬂda&mm@m&%aa@h@ﬁnwl
25 The detecting circuit 801 comprises a testing circuit 802 configured to test the
radio link by transmitting a message to the user equipment 10 and to compare whether a
response is received from the user equipment 10 within a second time value T2 of a
second timer 803 comprising the second time value T2.
The radio base station 12 comprises a forwarding circuit 804 and if the second
30 time value T2 expires the failure is detected, the forwarding circuit 802 is configured to
forward a user equipment context of the user equipment 10 to a circuitry 131 controlling a

second cell 16, e.g. for forwarding the user equipment context to circuitries controlling N

neighbor cells.
The radio base station 12 may further comprise a store timer 805 during which

35 means 805, the radio base station 12 may store the user equipment context in a memory



26 Step 902. The radi o base station 12 forwards a user equi pnment
context of the user equipnent 10 to a circuitry controlling a second cell
16 when twe 2baiidoer7e i s detected. The user equi prment conteXiSEedialbsisi t he
circuitry controlling the second cell 16 to serve the user equipnent 10
enabling the user equipnent 10 to estab2%sh the connection in the 5 radio
communi cati ons network. The circuitry may conprise hardware and/or software
wi t hi n t heé807 {er 3 $reondss Theiradio basestatiorot2wmay alsdirequestior theadiphering keys ofur ed

to ovi d | o) || . h raw ngs, and
spegirf [ ca? P%ﬁ,che&%‘g?ﬁ@g@‘ %ﬁégﬁo i sc7lS @&%&%&ﬂn&% n%e h}?g'}?gYH%! dHB?’éi n.
However , rherised o stare fonexample detdi such as thvesholchvaliss, qaality valudshaser enbodi ment s
wi t hout s ' Enak tdi : | Ci t | nent s.
Accor di ngllé&ﬁ‘pg‘[%kgdurlé%n’gpem ‘f‘%'@%tnteig #rsg}éarIa Ep@%rrt')%wc??épﬁ@}e @?@%ﬁ%ﬁ%‘e n a
gener i ¢ Savheadsing gxecuted on thecradiol basersthtinotl 2fopsingilar.poses of |initation, the
scope of the invention being defined by the following clains. 15 WO

2011/102774PCT/ SE2010/ 051481 27 CLAIMS 1. A nethod in a user equipnent (10)
for handl i ng a Tha@mbodimgots bereinfer ¢nabling theiusecearipment:10ito establishveor k whi ch
user equi : LS P ' . I di o
base st at ?gﬁﬁ%cfgﬁma%tfﬁﬁﬁﬂh'ﬁgg | g:ﬂ B&géﬁlﬁ g‘ts %ﬁﬁ‘%ﬁﬁ@é@%@?@% | é'aet he
radi o comPIRREESATE.Givsh A8 @ATPRESSING Circuit 806 indhe radiebase statinnet2 depiptddin0, 601) a

first ifdirigte, Rier it Bl Panh BHiehof | &Ehrk{?% REHHATEN!
(10) and tFEg;‘ r'gagfo Bageegrt‘gltjtlggg;o 1£’§ ?6Haen8 éér}gor@%b\tqﬁl ng %%%Dg ,610) a
second i n@tepstaf Hie esmbadiments hevein. The pegsam sodementioneg alwye mayaisodre (12) when
the Ti1st groligersl Pbrfutér drdbrahf Sroiidet 46t REaAGE intRe farm/df cording to
claim1l, \/F\quer.ei n tﬂe l.Q;eut ecr{rla%rlam(%%?m’co.rr'p%sesmglr%c "lnngrg%%%g 602) a channel
qual i ty ofc2frHeg campiter pregram code for performing the present solution when being loaded

into the radio base station 12. One such carrier may be in the form of a CD ROM disc. It is

15 however feasible with other data carriers such as a memory stick. The computer program
code may furthermore be provided as pure program code on a server and downloaded to

the radio base station 12.

20 The method steps in the radio base station 12 for enabling the user equipment 10
to establish a connection in the radio communications network according to some general
embodiments will now be described with reference to a flowchart depicted in Fig. 9. The
steps do not have to be taken in the order stated below, but may be taken in any suitable
order. The user equipment 10 is served in the first cell 14)controlied by the radio base

25 station 12 and the radio base station 12 is comprised in the radio communications
network.

Step 901 The radio base station 12 detects a failure of the radio link between the
user equipment 10 and the radio base station 12 by receiving the second indication from
30 the user equipment 10. The second indication indicates a radio link failure detected at the
user equipment 10. The radio base station 12 detects the failure by testing the radio link
by transmitting a message to the user equipment. The radio base station 12 then
compares whether a response is received from the user equipment 10 within a second
time value T2, and if the second time value expires T2 the failure is detected.
35



- determ ning (401, 603) whether the channel quality exceeds an upper
threshol d value and/or is below a | ower threshold val ue; 15nonitoring
(402, 604)wa 2riafokiza activity over the radio |ink when tireTiSE2k®si48hannel
qual ity exceeds the upper threshold value and/or is below the | ower
t hreshol d val ue; and determ ni ng ?404 606) that the first indication
of a failure is detected when traffic activity falls bel ow an act| vi tér

er

threshol d, and $tep902i Fheradie meﬁtaﬁen 18 forapsisc ¥ eauipment ¢antaxh of the ug
equi prrent Vé%ﬁ’aeﬁrﬁﬁ té&s clréit |8§ b@r'ih éehidle witen tﬁemuk’é)ﬁ. o%fé‘ef&ddimg to

claim 2, rmnlto rlsestramgg atinme
bet ween r euser equipment qonmgmabje e&"’W“ﬂSQOf'%r@W@!LDq $R¢0 %'h?ﬁe °aﬁ?ﬂ’ertB€e| vi ng

or transmi ! 90 t tbld\thécama&ﬁ&mn@rdl ng to
claim 3, égkglglﬂ%ﬁwgrﬁﬁn@%gsag%@ﬁﬁgt t%gsfal rlst i ndi c of a
failure 5 sradigtasptreunicatins netwerks hﬁ&ﬁ’qﬁt@’ BV 9Mprise hardwarg and 5 H€a first
tinme thresfmlifliHe Fidio bASE si46H ¢ Br hMithér'radie Basd stafiod éérﬁlbuie‘él tagfdvmerraatowhen
the traced tlne exceeds the flrst time threshold (Ti). 5. A nethod

accor di ng ¢ayeeggioveuthegaeond ¢ellt¥ee first time threshol d (Ti) conprises an

average tine between previous consecutive recelved schedul i ng nessages or
previ ous consecutive transmtted scheduling nessa d atinme offset.

356. A method albdbe diawinasand spesifiqationtbere; 'H’V? I"?ée'élglsé'{??‘?‘ﬂﬁxmq conpri ses
WO 2011{1&%&3@? ﬁlﬁélﬁ%%w Hbwet8d n?a?ugtvraﬁﬁﬁﬁnﬂﬁnﬂ mlfﬁﬁﬁdnsacahfbﬁmﬁe founeget y of

the radio etermnlng 1, 603 t theflrﬁ% atl n of a
failure i selﬂbﬁ@@?@é withewt supatanfiallydegarting fram t ?]B%H“F'?'?s@ E& H‘%‘B‘p
threshol d X@édr@n@?‘ﬂltﬁbuéfﬁsﬂ&%lﬁ@%r%s' #HRMploYe& IAEY sre\iided t a Gerfric/andet hOd
according to an claims 1- wherelnthedtetlg.gpé gél)ﬁ&%aﬁrlses
storing (50e5cH "Sane% Bk 04 At 6] PGS RIIRLAI Il TEPF & rbeing
detecting {&mihédd®yMe PldihE Slaigli cation that the user equipment 10 is out of
synchroni zation with the radio communi cati ons network; and 10wherein the
second Rfdication conprises a request over a random access channel
transmtted when the user equi pnent (10) detects the third indication that

the user equipnent 10 is out of synchronization, and the second indication
is transmtted by using the stored clock tine.



158. A user equipnment (10) for handling a radio link failure in a radio
communi cati ons network, which user equipnent (10) is served in a first cell
(14) contwol2badioby4a radi o base station (12) and whi ch Patise2@asg148t at i on
(12) is conprised in the radi o comunications network, the user equi pnent
(10) conprises a detecting circuit (70137 configured to detect a first

i ndication of a failure of 20a radio |ink between the user equi pnment (10)
and the rgqi ase station (12); and a transmtter (702) configured to
transmt a second indication of a radio link failure to the radi o base

(10) accor d, fig AtnehBaira sér cclnfl |4 dshpRGhEH o iy v 1eie 35 fTher
configured to tcpmmunwat:mne@mmuwhmh yserfequl'pa'lenhdi(l)isl semked ih @ flsttcell (i4)e
whet her the chagiedied gl rkyio%ﬁgégﬁo@ﬁtzg%ﬂvp 500 Bhge Y8l ) for is

bel ow a | ower res |c ac r the radio
link whén the cempfisad iothanadio ngumgatleas;eetwgrlt the mpthed compesdsol d val ue

" cat i on of a {octe<AYR00.856 SR oGl of 8 Rituteor diaBlo TR BeliBh S o o
activity thresholuper gadipmpet(d0) @\diaeaadmba@rssdm(mremcol activity in the

user equi pment _( 1@, éﬁm&é{ﬁ1 '563%%&1%&1%%}1]&1@% of I m&%kféluvéfor

equi prent (10) accor ereln efed I'ng clrcul tthf701)
further configur eradlpcbaﬁeataéoa(m)r«r@enélna/ﬁ,fehnaneaimnfngaMe isrdetentéd.t i ng a
first 3gscheduling nessage and receiving or transnmtting a second

schedul i ng nessage. WO 2011/102774PCT/ SE2010/ 051481 29 11. A user

equi prent  ( 19) %%P@Pﬁ@fﬁ'ﬁgtﬂ elaim t,ovhesgie thel detectivgde@Beompgses rcuit (701)

i's further conti %&&gt(@o@@@mr&amaqhémgsﬂh%r@ Mhih a first Lime

threshold (T1), and erein the transm configured to transm t
the second i ndf cAatesmiRiag #04:608) whatbeﬂhelcwmq@@&sexmed-‘f an ypperithreshold

threshold (T1). value and/or is below a lower threshold value;

15 - monitoring (402,604) a traffic activity over the radio link when the tracked
channel quality exceeds the upper threshold value and/or is below the lower
threshold value; and

- determining (404,606) that the first indication of a failure is detected when
traffic activity falls below an activity threshold, and there is data buffered or

20 protocol activity in the user equipment (10) for the radio base station (12).

3. A method according to claim 2, wherein the monitoring (604) comprises tracing
(605) a time between receiving or transmitting a first scheduling message and
receiving or transmitting a second scheduling message.

25
4. A method according to claim 3, wherein the determining (606) that the first
indication of a failure is detected comprises comparing (607) the traced time with a
first time threshold (T 1), and wherein the transmitting (610) is performed when the
traced time exceeds the first time threshold (T1).
30

5. A method according to claim 4, wherein the first time threshold (T1) comprises an
average time between previous consecutive received scheduling messages or
previous consecutive transmitted scheduling messages, and a time offset.

35 6. A method according to claim 1, wherein the detecting (601) comprises



12. A user equipnent (10) according to claim 11, wherein the first tinme
threshold (T1) conprises an average tine between previ ous consecutive

recei ved wolzeduiozT7g nessages or previous consecutive tr aosserdiedssshedul i ng
nmessages, and a tinme 10offset. 13. A user equipnent (10) according to claim
8, wherein the detecting circuit (701) 8 further configured to track a
channel quality of the radio link; and to determ ne that t he
second i ndi cat i-ontra&kuag (@Dl&@ﬂbaicbanml qualidofieradicdink: antked channel quality

15exceeds an upp %%ab Qafl1, 884 L{ﬁatatﬁgf‘ irst meé?lﬁBﬂ ] falltgg‘ﬁse&etaﬂéﬁﬁh% fheval ue.

14. A user equi p A2L8P erein the
detecting circuit tr@&lmu)chasnélmuahtelexmdﬁlagmer thtesbeldrvelus andéag s halowsaof t he

radi o communi cat i a nmenory (703) of the user equi pnent (10),
to detect a thi rd?crviecﬁ:i@%%%vég?'hat t he user equipnent 10 is out of

synchronfzation with the radi o comunications network, and wherein the

second i ndi ca,t 'R%ettﬁocffcehl{o\?é?@ﬁ%@fﬁm bs\sﬁe@mrtﬁ@g@{&m ﬂ&hﬂﬁ@@é

request to be'transm e user_ equil pne (10) detects the third
i ndi cati on that- t Istoring ¢501660Q8) gralonk tinwe ¢féhQ)@P|Qﬁ°"§9%¢ﬁt@ﬁ$mM°ﬂh and the

Lransmitter i s Coplghemhorodss Hildindldlio bl itled: cBiph@nPF0 3EEN {5 t he

second i ndication ase station (12) for enabling a user
equi prent (10) t o sgachadnization avithdhe eadia eammunieations NetwasknAMi cat i ons net wor k,

whi ch
r a:jfo ggg; S?lajtlt ng%% élirmecﬁ]e%oﬁtﬂn\ﬂﬁgtlérnco?nﬁrls@b rE(Sﬂést 6Vet)a raRddn atdeRd by the

aracterised in he radi o base station
conpri ses a channel trapgmided whep thegisey e%ﬂﬂﬁ@‘dﬂ@)odqt%‘:tﬂgleéﬁ'fd indicalion,r ¢ of

a radio link betwtwesé&%au.gﬁf&m ROR Yot 6PhciBRizatiuh, bAdine deasmd mERbfigH)

(12) by receiving a second I cation fromthe user equipnent indicating a
radio [ink fail urds senssutedibyusionthesiered slgek f@nt (10), which detecting
circuit (801) conprises a testing circuit 35(802) configured to test the
radlo link by transmtting a nessage to the user equi pnment g’n 2] Q

Eb‘l? ommunications

npari #§ whe hAuser equipgsorn16)Jor handling3 radiclinkifailure s radigs
2011/ 102774PCT/ %%A@WH@H&& &9.npment (10) is served in a first cell (14) controlled by a
radio base station (12) and which radio base station (12) is comprised in the radio
communications network, the user equipment (10) comprises
a detecting circuit (701) configured to detect a first indication of a failure of
20 a radio link between the user equipment (10) and the radio base station (12); and
a transmitter (702) configured to transmit a second indication of a radio link

failure to the radio base station (12) when the first indication is detected.

9. A user equipment (10) according to claim 8, wherein the detecting circuit (701) is
25 further configured to track a channel quality of the radio link; to determine whether
the channel quality exceeds an upper threshold value and/or is below a lower
threshold value; to monitor a traffic activity over the radio link when the tracked
channel quality exceeds the upper threshold value and/or is below the lower
threshold value; and to determine that the first indication of a failure is detected
30 when traffic activity falls below an activity threshold, and there is data buffered or
protocol activity in the user equipment (10) for the radio base station (12).

10. A user equipment (10) according to claim 9, wherein the detecting circuit (701) is
further configured to trace a time between receiving or transmitting a first
35 scheduling message and receiving or transmitting a second scheduling message.



equi prent (10) within a second tinme value (T2), and if the second tinme
value (T2) expires the failure is detected; and a forwarding circuit
(804) conwogurie217e forward a user equi pment context of PCHSExEensEgUI pnent
(10) to a circuitry controlling a second cell (16) when the 5failure is
detected, which user equi pnment context 2hables the circuitry controlling
the second cell (16) to serve the user equipment (10) enabling the user
equi pnent (10) to establish the connection in the radi o conmuni cations

t k. 16. . Ladi o base stati,an (12 or, enabl i.ng. a_user
cqui prent ( Lbf Aot Baubllafh AR actonfiREloHih B whereihg el ik frHa o
networ k, whi ch further cenfigupedetatcompaie the traged/urde gnrm_ﬁsmi&iedtprésgolﬁ 114‘))i a?cf o
trolled b - adl n n i.ch radi g .base s
cont ol ed bY, Wi Bl Ber ) Wt RGP <S5k Sion Wi s
det ecti g (510 Hg0ittgced tifrei éxseedsothe dirst iciedhriesinddd fET)Ween the user equi pnent
(10) 15and the radi o base station (12) by receiving a second indication

fromthe user equipnent indicating a radio link failure detected at the
user equi prret? Ausey equiprneit (48X ascoiding to SRl 1dowperieinetla¢ﬁ3$tir:'|eg11rééh‘tﬂlj gm) t he
radio link b )bl equi pnen n
conparing ant %é@agégﬁ ea?p%%g e@é@%@?é'g}ep f)g%??rﬁ]see cﬁ@"fﬁ'egﬂm&pﬁ%ﬁ&(@p)

Wi t hin a seconéneshages\iprayiqusZpnseautive frarddiitter schedulihgtmessaged, and atime es
(T2) tReg failupgedis detected; and forwarding (413,514,902) a user equi pment
context of the user equipnent (10) to a circuitry controlling a second cell
(16) when the failure is detected, which user equi pnent context enables the

circuitry coff Aalser equiprhentse0)adorittig to cleim 8 Wh@@fﬁ&ﬁeﬂh{écﬁmircﬁﬁwmmt (10)

enabling the u uieoment, (10Q) to establish 25the connection in radio
communi cat i on S?uﬁt@ﬁag%ggureg to {raglz a cr(\)anne} quallly or} the radio lm%, and to determine that
the second indication of a failure is detected when the tracked channel quality

15 exceeds an upper threshold value and/or is below a lower threshold value.

14. A user equipment (10) according to any of claims 8-13, wherein the detecting
circuit (701) is further configured to store a clock time of the radio communications
network at a memory (703) of the user equipment (10), to detect a third indication

20 that the user equipment 10 is out of synchronization with the radio
communications network, and wherein the second indication to be transmitted
comprises a random access channel request to be transmitted when the user
equipment (10) detects the third indication that the user equipment 10 is out of
synchronization, and the transmitter is configured to use the stored clock time to

25 transmits the second indication.

15. A radio base station (12) for enabling a user equipment (10) to establish a
connection in a radio communications network, which user equipment (10) is
served in a first cell (14) controlled by the radio base station (12), characterised in

30 that the radio base station comprises
a detecting circuit (801) configured to detect a failure of a radio link
between the user equipment (10) and the radio base station (12) by receiving a
second indication from the user equipment indicating a radio link failure detected
at the user equipment (10), which detecting circuit (801) comprises a testing circuit
35 (802) configured to test the radio link by transmitting a message to the user
equipment (10) and comparing whether a response is received from the user
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equipment (10) within a second time value (T2), and if the second time value (T2)
expires the failure is detected; and

a forwarding circuit (804) configured to forward a user equipment context of
the user equipment (10) to a circuitry controlling a second cell (16) when the
failure is detected, which user equipment context enables the circuitry controlling
the second cell (16) to serve the user equipment (10) enabling the user equipment
(10) to establish the connection in the radio communications network.

A method in a radio base station (12) for enabling a user equipment (10) to

establish a connection in a radio communications network, which user equipment

(10) is served in a first cell (14) controlled by the radio base station (12), and which

radio base station (12) is comprised in the radio communications network, the

method comprises

- detecting (510,901) a failure of a radio link between the user equipment (10)
and the radio base station (12) by receiving a second indication from the user
equipment indicating a radio link failure detected at the user equipment (10),
which detecting (901) comprises testing (410,511) the radio link by transmitting
a message to the user equipment (10) and comparing whether a response is
received from the user equipment (10) within a second time value (T2), and if
the second time value expires (T2) the failure is detected; and

- forwarding (413,514,902) a user equipment context of the user equipment (10)
to a circuitry controlling a second cell (16) when the failure is detected, which
user equipment context enables the circuitry controlling the second cell (16) to
serve the user equipment (10) enabling the user equipment (10) to establish
the connection in the radio communications network.



