RELAY BACKHAUL LI NK QUALI TY CONSI DERATI ONS FOR MBI LI TY PROCEDURES
BACKGROUND [ 0001] As used herein, the terns "device," "user equi pnent,"” and
"UE" mght in sone cases refer to nobile devices such as nobil e tel ephones,
personal digital assistants, handheld or |aptop conputers, Bl ackberry(r)
devices, and simlar devices that have tel ecommuni cations capabilities.
Such a UE m ght consist of a UE and its associ ated renovabl e nenory nodul e,

such as but not RELAYeBACKHAUL EINK QUAEIFY{GONSIDERATIONS( Ul CC) t hat

i ncl udes a Subscriber |derFOR MOSBILITYPROCGEDURES on, a Universal
Subscri ber ldentity Module (USIM application, or a Renovable User ldentity

Module (R-U M application. Alternatively, such a UE m ght consist of the
device itself wthout such a nodul cases, the term"UE" m ght
refer to devices that have siml ar@%%é&ﬁq}ﬁ?es but that are not

transpor , such deskrop _conputers,. set-top bgxes, .OL,network

boptt ancL0UTT Asethsreing g tefres davie; usrsn ettt 0F SigHTasame
conponent that can term nate a communi cation session for a user. Also, the
terms " uS§asesigierito mohilg devicgs such.asmabile telephanes; persarg! digika| assistants, " user
node" m ght be used synonynously herein. [0002] As tel econmunications

t echnol ofgndiaegld v saptapicomputersa bery® devices: andsiviarsteyiceathat hasxe been

i ntroduced that can provide services that were not possible previously.
Thi s net teledoramoneatiergucgpabititiesi §hch a i onight sgssistrof addid add its @ssodiditet ar e
i nprovenents of the equival ent equipnment in a traditional wreless

t el ecommugrevable rentory ntdduld;'sabh ad banaestdintitedtext Uieare alethiegrateéd Oirea@nt  may
be included in evolving wireless communi cati ons standards, such as

Long- Ter mary QUIC)ARat(ihdibdes?d Subsdriber AIbAERIAEdIE TSIMY apphiSstioR 8 Utiversan LI E

or LTE-A system m ght be an Evol ved Universal Terrestrial Radi o Access

Net wor k éﬁbé&’%@?‘)dé}iﬁ@ BakIE Bsfl) Epwﬁ%g%ﬁegﬂéﬁmwﬁér ldéntYlg[ duks access

point, or a simlar conponent Itional base ation. As
used her g L e " nrefiers Q Of ot L i rel ess
net wor k, ag't@{:lwggpg&{ﬂ%'d?@l&g\?ﬁ@y&g’gsg‘g hsq g?i'ﬁ'ﬁbp%oq%ﬁ §f@‘§s&§@’§é‘§3'f§9’ré}ﬁﬂ‘w or an
LTE or LTE-,A node,B or .eNB, th re , a. geoqgraphi cal ar of reception
and tr an§%@§in699eué%v@r°§€%r %sﬁﬁ&}'ﬁ Serg\a‘tl,?dplgg?peg?rjg 4‘?8!&83 ?’@?g@}‘%?@"@f her
conponents in a telecomunications system Ip this docunent, the term
"access ﬁ%ﬂ@""t!fﬁd’”tﬁ?gég%n%(ﬁr@m”ﬂé $lich asdesKiopsonmuiersa$atiop Baxes, or i s
under stood that an access node may conprise a plurality of hardware and
sof t war e NetRrkpppliances.PTheteror Uitircapraise refsr tp @oy fiardwarg ofseliwarenpl et e
under standi ng of this disclosure, reference i s now nade
component that can terminate a communication session for a user. Also, the terms
“user agent,” “UA,” “user equipment,” “UE,” “user device” and “user node” might be used
synonymously herein.
[0002] As telecommunications technology has evolved, more advanced network
access equipment has been introduced that can provide services that were not possible
previously. This network access equipment might include systems and devices that are
improvements of the equivalent equipment in a traditional wireless telecommunications

system. Such advanced or next generation equipment may be included in evolving

wireless communications standards, such as Long-Term Evolution (LTE) and LTE-
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to the follow ng brief description, taken in connection with the
acconpanyi ng drawi ngs and detail ed description, wherein |ike reference
nuneral s represent like parts. [0004]Figure 1 is a diagramof a

comuni cati on system according to an enbodi ment of the disclosure.

[ 0005] Figure 2 is a diagram of a conmuni cati on system according to an
enbodi nent of the disclosure. [0006] Figure 3 is a flowhart illustrating a
process ddvasced)(LIBsA) krarexalmiphdk agudlb onl To-Adsystenimightliesarhievolved per f orm a
procedure selected fromone of cell selection or cell reselection,

accor di n@riversal TemesttianRatdioXccebe Nétveork (BLUTERAN] &tDinkiidg wh<E-UTRANIaddeat es
an exanple of a systemthat includes a processing
B (or eNB), a wireless access point, or a similar component rather than a traditional
base station. As used herein, the term “access node” refers to any component of the
wireless network, such as a traditional base station, a wireless access point, or an LTE
or LTE-A node B or eNB, that creates a geographical area of reception and
transmission coverage allowing a UE or a relay node to access other components in a
telecommunications system. In this document, the term “access node” and “access

device” may be used interchangeably, but it is understood that an access node may

comprise a plurality of hardware and software.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] For a more complete understanding of this disclosure, reference is now made
to the following brief description, taken in connection with the accompanying drawings
and detailed description, wherein like reference numerals represent like parts.
[0004] Figure 1 is a diagram of a communication system, according to an
embodiment of the disclosure.
[0005] Figure 2 is a diagram of a communication system, according to an
embodiment of the disclosure.
[0006] Figure 3 is a flowchart illustrating a process of using a backhaul link quality to
determine whether to perform a procedure selected from one of cell selection or cell

reselection, according to an embodiment of the disclosure.




conponent suitable for inplenenting one or nore enbodi ments discl osed
herein. DETAI LED DESCRI PTI ON [ 0008] It shoul d be understood at the outset
that although illustrative inplenentations of one or nore enbodi nents of
the present disclosure are provided bel ow, the disclosed systens and/or

met hods may be inpl enented using any nunber of techniques, whether
currently known or in exi stence. The disclosure should in no way be limted

to the il r at ntatlons draw ngs, ..and hni ues |IIustrated
bel ow, i JQQQ?& g& 'Q‘I*f@ 'é%fﬂ &% gn 8é§m8¥?§fé’rﬁysﬁ%FW‘5{%§ % rated and
described herein, but may be nodified within the scope, of the appended

cl ai ms alwﬁwoﬂﬁﬂﬂﬁwtﬁ@ierfoﬁ 'O‘!ﬂle@@@iﬂ@Qﬁe@dﬂPﬂ%ﬁf@m mep%gbg] osed hegeing hr oughout
the specification, clains, and Figures, the following ternms have the

foll owi ng defi nitions. Unless stated otherwi se, all ternms are defined by
and follow the standards set forth by the Third Generation Partnership
Program (3GPP) technical speciDETAILEMNBDESCRIRUIONACK is defined as

"Acknowl edgnent, " such as an acknow edgenent signal. [0011]"CQ" is defined

?; r ;_Qf)an nedogpal it should Be eabierstood AR butsbRbat althodghiilletathve " Enhanced Packet
implementations of one or more embodiments of the present disclosure are provided
below, the disclosed systems and/or methods may be implemented using any number
of techniques, whether currently known or in existence. The disclosure should in no
way be limited to the illustrative implementations, drawings, and techniques illustrated
below, including the exemplary designs and implementations illustrated and described
herein, but may be modified within the scope of the appended claims along with their full
scope of equivalents.

[0009] As used throughout the specification, claims, and Figures, the following terms
have the following definitions. Unless stated otherwise, all terms are defined by and
follow the standards set forth by the Third Generation Partnership Program (3GPP)
technical specifications.

[0010] “ACK is defined as “Acknowledgment,” such as an acknowledgement signal.
[0011] “CQI” is defined as “Channel Quality Indicator.”

[0012] “EPC’is defined as “Enhanced Packet Core.”

[0013] “E-UTRA’is defined as “Evolved Universal Terrestrial Radio Access.”

[0014] “E-UTRAN"is defined as “Evolved Universal Terrestrial Radio Access
Network.”

[0015] “HARQ" is defined as “Hybrid Automatic Repeat Request.”
3




[ 0013] "E- UTRA" is defined as "Evol ved Universal Terrestrial Radio Access.”
[ 0014] "E- UTRAN' is defined as "Evol ved Universal Terrestrial Radio Access
Net work." [0015]"HARQ' is defined as "Hybrid Automati c Repeat Request.™
[0016]"IE" is defined as "Information Elenent." [0017]"LTE" is defined as
"Long Term Evolution,” which refers to a set of wireless communication
protocols, systens, and/or software. [0018] "LTE-A" is defined as "Long

e SO oY ot bR £, 2 el o5 communicatior
‘[001 7] “LTE"is defined as “Long Term Evolution,” which refers to a set of wireless
oommunicatibn protocols, systems, and/or software.
[0018] “LTE-A’is defined as “Long Term Evolution, Advanced,” which refers to a set
of wireless communication protocols, systems, and/or software newer than LTE.
[0019] “MCS’is defined as “Modulation and Coding Scheme.”
[0020] “MME” is defined as “Mobility Management Entity.”
[0021] “NAS’ is defined as “Non Access Stratum.”
[0022] “PLMN’is defined as “Public Land Mobile Network.”
[0023] “RAN’ is defined as “Radio Access Network.”
[0024] “RAT’ is defined as “Radio Access Technology.”
[0025] “RF”is defined as “Radio Frequency.”
[0026] “RN’is defined as “Relay Node.”
[0027] “RRC’ is defined as “Radio Resource Control.”
[0028] “RSRP’ is defined as “Reference Signal Received Power.”
[0029] “SGW’ is defined as “Serving Gateway.”
[0030] “SNR’ is defined as “Signal to Noise Ratio.”
[0031] “SR’is defined as “Scheduling Request.”
[0032] “TAU"is defined as “Tracking Area Update.”
[0033] “Un”is defined as the interface between the RN and the donor eNB.
[0034] “Uu’ is defined as the interface between a UE and a RN.
[0035] The embodiments described herein relate to techniques for improving UE

mobility procedures in at least a Type 1 relay network. Specifically, the embodiments
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[0019] "MCS" is defined as "Modul ati on and Codi ng Schene." [0020] "MVE" is
defined as "Mbility Managenent Entity." [0021] "NAS" is defined as "Non
Access Stratum " [0022]"PLMN' is defined as "Public Land Mbile Network."
[0023] "RAN' is defined as "Radi o Access Network." [0024] "RAT" is defined
as "Radi o Access Technol ogy." [0025]"RE is defined as "Radi o Frequency."
[0026] "RN' is defined as "Relay Node." [0027]"RRC' is defined as "Radio

Resource Control . " .. : . . . .
provide techniques for taking into account composite, end-to-end signal to noise ratios

with respect to RNs and corresponding access nodes when performing a mobility
procedure. Mobility procedures include cell selection, cell reselection, and/or handover
procedures for a UE.

[0036] In networks without RNs, normally only one wireless connection is
established before communications reach the remaining wired portion of the network,
which might be an EPC. In the following description, we use the EPC as an example.
However, other types of the core networks are possible as well. The one wireless
connection is typically the wireless link betWeen the UE and the access node, such as
an eNB. The connection between the access node and the EPC is usually hard wired
and has good transmission characteristics, e.g., much lower bit error rate and more
consistent channel conditions.

[0037] However, in networks with RNs, multiple wireless links might be established
in a chain of links between the UE and the core network, such as the EPC. For
example, a UE might wirelessly connect to a RN, which then wirelessly connects to an
access node, which then connects to the EPC. Additional RNs or access nodes might
also be present in this chain, and the connection to the EPC might even be wireless.
[0038] Any time a wireless link is established, signal quality might become an issue
due to various wireless channel characteristics, such as the multipath effect and the
shadowing effect, that should be taken into consideration when the UE moves around.
Low signal quality can hinder performance at the UE, in terms of slowing the reception
of data, corrupting data, reducing spectral efficiency, or even causing transmission of

data to fail.




[0028] "RSRP" is defined as "Reference Signal Received Power." [0029] "SGW
Is defined as "Serving Gateway." [0030]"SNR' is defined as "Signal to Noise
Ratio." [0031]"SR" is defined as "Scheduli ng Request." [0032] "TAU" is
defined as "Tracking Area Update.” [0033] "Un" is defined as the interface
bet ween the RN and the donor eNB. [0034] "Wu" is defined as the interface
between a UE and a RN. [0035] The enbodi nents described herein relate to

t echni [ ' by I t least.a . Type 1 relay
et vor k. T3] ¢ FERBibdis, headl i e B 51 o8 w'%&%mcaﬁﬁectparb #hg 1 nio
t | t :to0-end si |t ' atigs with respect to
andcor r DB BRaHghe BB % ettt an AsPpSt odR/sJolRERY SHPIG: Sbe b Ay

Mobility procedures include cell selection, cell reselection, and/or
handover mg@jﬁypé&lahqﬁs of thessignals from the nearby access nodes, and then select the

access node with the best signal quality, or select the access node based on some
other criteria. Therefore, cell selection or reselection may be based on the link quality
between the UE and the eNB when UE is in IDLE mode. This technique may also be
used for the handover procedure when the UE is in CONNECTED mode.

[0040] For networks with RNs and/ or multiple wireless connections, the selection of
an access node or a RN for communication can be more complex. The reason for
additional complexity is because a RN providing the best directly measurable signal
quality among all access nodes and RNs might not provide the best overall signal
quality in terms of moving data back and forth between the UE and the EPC. The
overall signal quality may be affected by the signal quality between an RN and an
access node. The overall signal quality may also be referred to as the composite signal
quality. For a UE connected to an eNB, the composite signal quality is the signal quality
of the wireless link between the UE and the access node, for example the eNB. For a
UE connected to a RN, the composite signal is the overall signal quality of two wireless
links. One wireless link is between the UE and the RN and the other wireless link is
between the RN and the access node.

[0041] The link between a RN and an access node may be referred to as a backhaul
link. The signal quality of the backhaul link affects the overall signal quality between the
UE and the EPC. For example, even if the signal quality between the UE and RN 1 is

very good, if the signal quality between RN 1 and eNB 1 is very low, then the composite
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[0036] I n networks without RNs, nornmally only one wirel ess connection is
establ i shed before comuni cations reach the remaining wired portion of the
net wor k, which m ght be an EPC. In the follow ng description, we use the
EPC as an exanple. However, other types of the core networks are possible
as well. The one wirel ess connection is typically the wireless |ink between
the UE and the access node, such as an eNB. The connection bet ween t he
access node and the EPC is usual | ard wire ood transm Ssi on
char act e#i988| %sa"%b@weemuﬁan@rgwﬂ iglikedy to d%ﬁ H%O“H%feé ueRdt the signal
channel conditions. [0037] However, in networks with RNs, nultiple wireless
li nks m guality bebvaendhe dieand RN:2 istaediosr:, if thexsignaliavelity betweameRNZiande cor e
network, such as the EPC. For exanple, a UE might wirelessly connect to a
RN, whi cleNBhtis wery gbed then thercoeticsite signal qualiysketweds tha\WEcndtdNB 1connect s
to the EPC. Additional RNs or access nodes might also be present in this
chai n, aq#irdugh RN2) aeiy ke bétter thh thBGthergomposite sighalquatityasstwedd BBy ti me
awreless |ink is establi shed, signal quality mght becone an issue due to
various \gha@hg1s$tﬁm|@nq:qu§1aract eristics, such as the nultipath effect and
t he shadow ng effect, that should be taken I nto consi deration when the UE

noves ar L oS iapbe tﬂ%!%gbﬁﬂatﬁﬁﬁkg ﬁt]iaﬁ%rdcrﬂhg% oéite SigRal In;y'?st erms

of slowi hg the reception o corr ata CI ng Spec

ﬁfegimghﬁg B ?‘??‘fe&?g%&?‘ﬁﬁ#&ﬂ?ﬁaﬁﬁ x%i'hpﬁ&vaﬂﬁ °9ﬁ‘i>33@f9 %‘ﬁﬁé"ﬁ”&%{yﬁgﬁg Eﬁr the LE
EPC T UE
oo moas DeeessRaN S Iserte g rofebsdik el ity nd edbackbad Bk Bndlace . ana

then sel ect the access node with the best S|glnal Cl@ lity, ,or select the
access n@Hdityadeshniguasiredelerining the composite, sigpal fualityare giveg kelaw.on or

resel ection nmay be based on the link quality between the UE and the eNB

when UE {0043} | As= rasgll of the possibieexisienceralregused backhaghlinkssignah qualindov er
procedure when the UE is in CONNECTED node.
UE that chooses (selects, reselects, or hands-over) a RN only based on the access link

signal quality may not choose the node, either an access node or a RN, leading to the
best composite signal quality between the UE and the EPC. It is possible that the best
overall link might be generated by an eNB with a lower access link signal quality, which
could still be higher than the composite signal quality if the UE is connected to the
selected RN. It is also possible that the best overall link might be generated by a
different RN with a lower access link signal quality, but which connects to a chain of
links having a better composite signal quality. The embodiments described herein
provide for techniques for allowing the UE to choose the RN associated with the best
composite signal quality, thereby improving data throughput, transmission quality, and

spectral efficiency.



[ 0040] For networks with RNs and/ or multiple wireless connections, the

sel ection of an access node or a RN for comruni cati on can be nore conpl ex.
The reason for additional conplexity is because a RN providing the best
directly measurable signal quality anong all access nodes and RNs m ght not
provi de the best overall signal quality in ternms of noving data back and
forth between the UE and the EPC. The overall signal quality may be

af fected he si gngl. qual it tween an RN and an_access, node. The
overal & 10adl " b Rys Aifbdi MR SERuARAIN SR BRI o o1 gna
quality. For a UE connected to_an eNB, the co ite signal quality is the
si gnal ~ g@Ebodiment 0% fhe ﬁf?‘@ﬁ%gsCpmmum‘atm&(s{qgg%@%ﬂﬁesq%}ﬁ%aagmgct Ble, for
exanple the eNB. For a UE connected to a RN, the conposite signal is the
overal | of gmhTEduaystem. of two wireless links. One wireless link is between
the UE and the RN and the other wireless |link is between the RN and the
access n{olt5] [ GORN)is aldevicerthatifacililates conithuiicaticrwitit ae eblBn diiNs, gepetatly,
referred to as a backhaul link. The signal quality of the backhaul 1ink

af fects thebedividdd int thred grgups:ilayerdcRMe daydrizeRNE, amdllayée3 RRS. Aayerekanpl e,
even if the signal quality between the UE and RN 1 is very good, if the

si gnal qpd by besl repeateRthat nidtelyedarksmits é/Fécéi\)eﬁ\&igldahWﬂhélh't%rQOWDOSI te

signal quality between the UE and eNB 1 is |likely to be | ow. "However, even

‘qLa:t ey pRRTcaferRofe et ki ol Ge) sigrh Beld BYEa RN, caf, Z‘n%”a'
ausl 17 ReBi Boch 3 Behol bRy BN RleBichRobh e AR e
582 T o oo, APl o

conposite signal quality_is not necessari|ly the | esser of the access |ink
si gnal qIRSOUGR Gandrot %’%’HE‘%&U? cap fusSupetion iy i amacoess pode e

determ ning the conposite signal quality are given below. [0043]As a result
of the p fﬂseurmcsxnérﬁl:erotﬁcolseémiézv%B&mmbelthﬁaﬁa@egﬁﬁdqu By am UE

t hat chooses (selects, reselects, or hands-over) a RN only based on the
access | aotessinpdel anplitiel Ry nray/haust a uhiqus eelf identitydwpicallytused byrancagcess node
or a RN, leading to the best conposite signal quality between the UE and

t he EPC. nbtle.i A “agesx’tiRN ig distinguisheddeom av@ype X RNn iFamegamplec adeyeetdRNd by an
eNB with a | ower access link signal quality, which could still be higher

t han t hengPaWse t RNGii0 Rt ATAde 1 RN is fuhctionBlly sinfilantees fager 8 ®N. Rypeel ect ed
RN. It is also possible that the best overall |ink m ght be generated by a

di f f er enRNSNréideBerfbddInRfreE6CESEIl bbby, S gnal quality, but which connects to
a chain of links having a better conposite signal quality. The enbodi nents

R assoc R\ o R Rioseor SRAIGHRS, AN Edfblidncd oo s BrgBer °
data thr 88&@%%0@%@5{{}3 ?;c? ﬁ'-\a? 2 W%&Jiﬁé&; the gress@ﬁ(% Bf".lflt Igggtio%ieeéﬁé’ or other
access node (and the cell associated with that access node) and possibly other RNs to
access other components in a telecommunications system, such as a MME/SGW.
Additionally, for the purposes of this disclosure, the term “eNB” is not limited to only an

“evolved node-B,” but also may refer to any type of access node suitable for

communicating with an MME/SGW or a component of an enhanced packet core.




[0044] Figure 1 is a diagram of a conmunication system according to an
enbodi nent of the disclosure. Communi cation system 100 represents an
architecture of an LTE-A system [0045] A RNis a device that facilitates
comuni cation with an eNB. RNs, generally, can be divided into three
groups: layer 1 RNs, layer 2 RNs, and layer 3 RNs. Alayer 1 RN may be a
repeater that nerely retransmts a received signal wthout any nodification

ot her than anplification and possibly i ght, del ay. A |ayer.

denodul af®@47decdaanexemplesel operalion ofa '%‘t gge@gi @”?'@@%%@i\/‘ﬁm& e the
result of the decoding, and then transmt the nodul ated data. A layer 3 RN
may have 104via RN06 andeNB d08.c mpardiculan bih102 eoramunicatasaith Rhlsmﬁuh%‘lqhon
simlarly to an access node. The radi o resource control protocols used by a
RN may bdn tune csmmunicatashwitteeNBeld8p which intwre commuuticateswith MMEISGiy10dave a
unique cell identity typically used by an access node. A "layer x" RNis

di sti nguividh@slinterfaize asuchygseths'S 1Rinerface idontifigd by the pleantom lin&\NHowenert, aa Type 1
RN, in fact, a Type 1 RNis functionally simlar to a layer 3 RN. Type 1

RNs are qfsgibkad UE iy, @8LRY coirhahicateadirdstly WHR 4RleNB lsuth as eNEPfoE: of this
di sclosure, a RN is distinguished froman eNB or other access node by the

fact thago«ﬁaj’\'cgﬁ%%{h%?e%%dﬂéﬁﬁ&tﬁﬁgﬁc@és Ugasfz, gg?ldg:h'ﬁhrﬁtﬁniéﬁt Qitharcess

node (an assocl ated w at access no possi bly other RNs

to acces th J i i

W s PRRLEN g TS P bt ey S hERGEEE i e Bty SHEfRnt oS, fiurfes.
is not |imt t o, onkLy,.an —evaql node-B. " but also may reter to any type
of acces §N§)§& and ?'gbl1é%f JH‘%W&?&&%&FFS‘W&W%‘@@/@?ffFeée'Eonponent of
an enhancedg;)acket core. 0047]. In an e_x%fr:}pl e of op%aﬁi Qn of a RN, UE 102
comuni c MME/SG\Vs suseassMNE/SSW| 1 8rxia ardniedgce guch @ the 31 atefipes) ar, UE 102
communi cates with RN 106, which in _turn communi cates with eNB 108, which in
turn comidentifed by the phanterrlisenftba RN 114is conpeeted de eNBLA8, thenthe cejl
interface identified by the phantomline. However, a UE, such as UE 110,
coul d comenerated by eNBekd8 maybe isaisrtodiBhe doodr cell. dmBn eoshodiroeatsgNBri08not her
enbodi nent, a UE, such as UE 112, could communicate with a RN, such as RN
114, thatandteNB {16 mayconmtscateivith dash athernfor exainpfes viarthe &@Baterfaceh as eNB
108 and eNB 116. The eNB 116 may be in comunication with a different

MVE/ SGW gatiifled by WEHne@dnhéSting/éNBaAD8 dtidasNB 4 ¢6. such as the S1 interface
identified by the phantomline. If the RN 114 is connected to eNB 108, then

the cell &Wr atab ove R akiifed@dschBe B4 dePvifiRg OAR sHEBHWe RNs; hovedér,

enbodi ne NB 108 and eNB 116 may comunicate wi th each other, for

SETLS AR PR o e 1,

eNB 116. above exanp escri ng onlytone or two
RNs; howeyer.. each eNB Ui i f " . Ot her
arr angerré#rg'ﬁﬁ C?WBO?%ggi/q ﬁ@%gﬁ'g‘ﬂ@s tf%!’%?%@f% fsglntg’l ogvé%gﬁ@hﬁrr'or e, fewer,
different, or additi ogeal conponent S may be present.

components may be present.

[0050] RNs are one exemplary mechanism that 3GPP LTE-Advanced has used to

further evolve the LTE RAN. In LTE-Advanced (LTE-A), relay technology is used to

improve average cell throughput and enhance cell coverage. Further, the inclusion of

RNs in the LTE-A system is also intended for the purposes of efficiently extending the

UE’s battery life, of increasing UE throughput, and of extending cell coverage.




[ 0050] RNs are one exenplary nmechani smthat 3GPP LTE- Advanced has used to
further evolve the LTE RAN. In LTE-Advanced (LTE-A), relay technology is
used to inprove average cell throughput and enhance cell coverage. Further,
the inclusion of RNs in the LTE-A systemis also intended for the purposes
of efficiently extending the UE' s battery life, of increasing UE

t hroughput, and of extending cell coverage. [0051]One of the issues

presente t hey i ngl.usi RNS, | u i | l.. si gnal
Guai i vy BsfLc e S slled sk AR B SRS hofeaiRiand oot
nore than ong co ni.cation |ink. For, ex ile the connection between
The M QHETal SERBIGSAIY bsteeen k& e e Fa M Sl aomplicied Phies | gnal
qualities of the link between the UE and the access node, the |ink between
the UE, Bresenerotmom-han gaecommueatioadinkny Eorpxainele: while:-ikg geppedtion need to
be consi dered when determ ni ng whi ch access node or RN a UE shoul d attenpt
t o connebetweendhe MiMip aod thirieNBds aftem biwitedylink ob geed qualityishe igngl quatitiesiur es

i nclude cell selection, cell reselection, handover, or nore generally, any
nmobi | i t yopthediak betwdadnethe Ueandethesgccpss hodenthé link betwesh tlik UEnasd theskNi bed
herein, the link between the UE and the RN may be referred to as the access

|'i nk andapd e linkibebtRéarete RN%nRPth@GNBtth{)QNBeé@w Becoridire@Whea as a
backhaul [|ink. However, other names nmay be used. Additionally, for nore

conpl ex ?@m j hieh SicSakst , i i I i
addi ti ong Rl\gﬁrg\ghlggt% ween rﬁ% oﬁ&%cﬁgggﬂ%aﬂgﬁgt !tdhdgﬁgﬁ%ﬁ“éf ???‘bfdtfrt her,

mul tiple ke I i i . enent s
are ol soddL by, Bibeadit, Mdkitey Brocidesttiiate B dfection LfesBbERRRC
present disclosure. [0052] |n an example o t ey whiech eNB.or RN a
U ahout BRRGRRE A Toare SR8y el BT Gertuns ek LB, O My Blfolnt i - 11
coul d connect, to, or, ca n either. eNB 108 or. eNB 6 via 114. To

et er i nEMBRHEHTES ApRetbbe Ao B ok Dehwegp e aehe AN Braybe efgmadloy, an
exam nation nmay be made of the signal cgal i t){ bet ween RN 114 and eNB 108
versus t A&the aneess likeand thedinkhebueemtheN apd thaeNB raay bereferred io amat her
exanpl e of determ ning which eNB or RN a UE shoul d connect to, UE 110 may
have twobac¢kiiagblink. However.aithermsinges may be used e Addifiopaliy, fartmere compleNB 108
and the second choice is to connect to the RN 106 and then the RN 106
connect scomnunizatidis dy3tema andéiplerbackibaulflinkhmay exist if additional )iV aret he opti mum

overall signal quality or spectrumefficiency, an exam nation may be nade

bet ween béwwenttie U-ddoessed RblaamitbibieieNBs . Sfllhfarthet enliltiphe backhasiCinksedulder ei n
relate to nmethods and/ or devices for maeking and/ or processing these

measur engﬂbﬁtiadyf@@ihh Well. Bthér ardrijenisiits bidalsd passtTBoall ich arywigdin RN 106,
RN 114, 120, or RN 122 nmay be Type 1 RNs. One of the enbodi nents

descri be(.j,l i,ﬁiatp,drs@{zaémﬁﬁﬁhb(brggé}gS,ig&g)sgréJE | DLE node nobility procedure in a
el a [

Type 1 r net wor e considering the backhaul link quality between a
donor e t . A | i bed
herein 'r\ﬁ(g?gs %aﬁ%ﬁ%ﬁl&?&e@%wn%ggﬁx (N Hﬁpmrg%rg%éﬁg: Bguch as
a handov rocedur e i Type 1 rel.a e rk. . while, considering.the
backhaul 117 Rctipattenyo Fef i moweyBh o5 URe! et EShrsft 20t a2 Sl ner
one of the _enhodi ngn descrihed_herein relates to handling a UE transitin
rom 1 DLENBCH QroNEh T ARNE:#ih. TOSIRTIGS Whish CoNPEsiap Rresaiss eun [ o
considering the backhaul |ink quality between a donor eNB and the Type 1
RN. | n sepimemiaveralifigng aaality, an exasainglien may e rprdergitbe sighal ayglitot Layer 1,

2, or 3 relays, and the techniques of the present disclosure mght be
enpl oyedbetweanyRN 434 and eNB 108 versus the signal quality between RN 114 and eNB 116.

[0053] In another example of determining which eNB or RN a UE should connect to,

UE 110 may have two choices. The first choice is to directly connect to the eNB 108
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[ 0055] Figure 2 is a diagram of a conmuni cati on system according to an
enbodi nent of the disclosure. Communication system 200 may be a sinplified
comuni cation systemrelative to comuni cation system 100 of Figure 1 and
used to nore readily illustrate the present systens. In Figure 2, UE 202
communi cates with RN 204, as designated by the phantomline | abeled "Uu."
RN 204 conmuni cates with eNB 206, as desighated by the phantom|ine | abel ed

"Un." The eNB 206 conmunicates with EP 8. Altha C. 208 |

r epr esen@gd thg second chpiceds iaranaect tedhe %ﬁ&é@"‘ﬁh‘ ﬁﬁgw %O’Pﬂ%cgﬁ/\@rﬂée
and/ or software conponents or well-known tel econmunication systens

possi bl yeNBnkefil To determisewdiich cannectiomprasentsdbe Optﬂnﬂ&hqweﬁlb?elﬁﬂai&#ﬁ(lmpéat i on
bet ween UE 202 and sonme other UE (not shown). [0056]1n an enbodi nent, LTE-A
ext ends epettran effitiency| aeseminatiorhmay be TRadeebetween thase twoRliffarertase 9,

provi di ng support for relaying as a tool to inprove a variety of aspects of

Wi r el ess ceARBBIdHS. AThe Bmbotirheiis desdribediereih irefatectd nsthods/andigedadicdsifgh dat a
rates, group nobility, tenporary network devel opnent, cell-edge throughput

and/ or POy SR/6H proC¥RPResd nidRisuRinfatts. | N an enbodi ment, the RN 204 is
wrel essly cr?nnect ed to a donor cell of a donor eNB 206 via the Un

| nt erfacg?m O Ona@ﬁtcﬁﬁé}%ﬁtlﬁ?lﬁﬁ%\% W&Qﬁarypcgf FQNP&MRNWHQWN‘)&O bPO57]

The Un c nore t type of

t to RN
iy POhAZL b ﬁxpeea?%yauéﬁieﬁﬂgﬁ&"n@ﬂ#@t?@%S&Fokﬁ"{éfe'h@&ef%ﬁg wi thi n
the d 1. t, f band." F
“out of banaing IRIELEJROSR REDUREPESSHAS R ALY grﬁ&v B R he came
frequency band as direct eNB to UE |inks within th Mg@lng[{ celé [003}4I The
3GPP spe6pRsidaringihe bagkhaul §nk qualifrbelvesna dongrieB angihetypedRN.
are part of LTE-A networks. A Type 1 RN nay be an in band RN haV|n

char act eonetaf the erbedimests qlescrlhed hereimtglatgs fuhanding 8 UR GONNBRTER @oqi% not
meant to be limting and a Type 1 RN could instead have an out of band

backhaul mdbiliy peockdie, sach aea dhahdonat procgdurdrinca Typehhselay petwank,pvhilei cal cel |
I dentification and either a partial or conplete RRC protocol stack. A Type
| RN coulcgnéigefing-thedsacRhaiNlink quality between a donor eNB and the Type 1 RN. Yet

another one of the embodiments described herein relates to handling a UE transiting

from IDLE mode to the CONNECTED mode in a Type 1 relay network while considering

the backhaul link quality between a donor eNB and the Type 1 RN. In some other

embodiments, these RNs might be Type 2 or any of Layer 1, 2, or 3 relays, and the

techniques of the present disclosure might be employed in any case.

[0055] 'Figure 2 is a diagram of a communication system, according to an

embodiment of the disclosure. Communication system 200 may be a simpilified

communication system relative to communication system 100 of Figure 1 and used to

more readily illustrate the present systems. In Figure 2, UE 202 communicates with RN

204, as designated by the phantom line labeled “Uu.” RN 204 communicates with eNB

206, as designated by the phantom line labeled “Un.” The eNB 206 communicates with
11



[ 0059] A cell controlled by a Type 1 RN may appear to a UE as a separate
cell distinct fromthe donor cell. Each cell may have its own physical cel
identification, defined in LTE Rel ease 8, and the RN nay transmt its own
synchroni zation signals, reference synbols, and other information. In the
context of single cell operation, the UE may receive scheduling information
and HARQ feedback directly fromthe RN, and send its own control channels

(such as SR, CQ, and ACK) to the RN. The Type 1 RN nmam as .a Rel ease
8 eNB t oERG] 208 cAtaUEb,ERG 20815 repEasebladuy ASENSERABPUE! EXip208 BINI B8, For
LTE-A UEs, a Type 1 RN may appear differently than a Release 8 eNB in order
to al | owoheor mare hardwase Aod/onsofovareicampenentsr Welldgwown tekecompumioaien | i t v
Procedures [0061] As described above, the enbodi nents described herein
provi de Epstetnerpodsibhelnkedrvia apetworkgthaEmay belused tpfasiitale communicatioipe 1 RN.
The enbodi nents may al so be applied to other types of RNs, though for the

sake of GxEEINAUR0Z antkenid GtREUE ¢RotfshownpLE node nobility procedures are
described wth respect to Type 1 RNs. [0062] UE procedures in | DLE node nmay

i ncl ude quﬂie?thgﬂﬁﬁn%‘?ﬁﬁo LRCLTEIA eBHIS 8hdief ISFE t6Ade8NsucLFE UE i s

power ed may se ec_f a suitable cell based" on | DLE node )

neroi n 1 EigasBY ofiote, RBRRSE T, Ailyking Sicle iRy Bs 10d Rpmirblea 23 CEFT

T 0F, SSBRS S o el i G b A e e
high data rates, group mobility, temporary network development, cell-edge throughput
and/or provision of coverage in new areas. In an embodiment, the RN 204 is wirelessly
connected to a donor cell of a donor eNB 206 via the Un interface. The UE 202
connects to the RN 204 via the Uu interface.
[0057] The Un connection may be one of two or more types. One type of Un
connection may be “in band.” For an “in band” connection, the eNB to RN link may
share the same frequency band with direct eNB to UE links within the donor cell.
Another type of Un connection may be “out of band.” For an “out of band” connection,
the eNB to RN link may not operate in the same frequency band as direct eNB to UE
links within the donor cell.
[0058] The 3GPP specifications such as the TR 36.814 provide that at least Type 1
RNs are part of LTE-A networks. A Type 1 RN may be an in band RN having
characteristics described in the following paragraph, aithough this is not meant to be
limiting and a Type 1 RN could instead have an out of band backhaul. A Type 1 RN can
be defined such that it has its own physical cell identification and either a partial or

complete RRC protocol stack. A Type | RN could be a Layer 3 RN.
12




Srxlev = ndevneas - (Qxlevmn + Qxlevm noffset) - Pconpensati on These
terns are defined as: Srxlev Cell Selection RX |evel value (dB) |andevneas
Measured cell RX level value (RSRP). Ondevmn Mninmumrequired RX | evel in
the cell (dBm) Qndevmi noffset OFfset to the signalled hndevimin taken into
account in the Srxlev evaluation as a result of a periodic search for a

hi gher priority PLMN while canped normally in a VPLWN

[0059] A cell controlled by a Type 1 RN may appear to a UE as a separate cell
distinct from the donor cell. Each cell may have its own physical cell identification,
defined in LTE Release 8, and the RN may transmit its own synchronization signals,
reference symbols, and other information. In the context of single cell operation, the UE
may receive scheduling information and HARQ feedback directly from the RN, and send
its own control channels (such as SR, CQl, and ACK) to the RN. The Type 1 RN may
appear as a Release 8 eNB to Release 8 UEs, thereby establishing backwards
compatibility. For LTE-A UEs, a Type 1 RN may appear differently than a Release 8
eNB in order to allow for further performance enhancements.
[0060] IDLE Mode Mobility Procedures
[0061] As described above, the embodiments described herein provide for
techniques for improving UE mobility procedures in a Type 1 RN. The embodiments
may also be applied to other types of RNs, though for the sake of example only, the
procedures for IDLE mode mobility procedures are described with respect to Type 1
RNs.
[0062] UE procedures in IDLE mode may include two steps: cell selection, and cell
reselection. When a UE is powered on, the UE may select a suitable cell based on
IDLE mode measurements and cell selection criteria. The term “suitable cell” as used
herein is a cell on which the UE may camp to obtain normal service. A cell may be
considered “suitable” if the cell fulfills the cell selection criteria “S”, which is defined by
the equation:

Srxiev >0

Where
13




Pcompensati on max(PEi vtax - PUVAX, 0) (dB) PEMAX Maxi mum TX power |evel an
UE nmay use when transmtting on the uplink in the cell (dBnn) defined as
PEMAX in [TS 36.101] PUVA( Maxi mum RF out put power of the UE (dBm
according to the UE power class as defined in [TS 36.101] [0063] Regarding
the step of cell selection, the UE may use one or both of e follow ng cell
sel ection procedures. One of the two cell selection procedures is initial

cell sel ectlon Thi s procedure uses no p r kno dg re ard',n whi ch RF
channel s are ESCHe¥ @?Y@P@S‘W?JE"W&?&Q@%YWQP%%—‘ 8@?‘5@ '?'ﬂ t he E- UTRA

bands according to the UE capabilities to find a suitable cell. On each
carrier ﬂ'hesmm?aredé"rlﬂgaﬁ ght only search for the strongest cell. Once a
suitable cell is found, the suitable cell may be selected. [0064] The ot her

of the tm®&nd@l | sel ecl 'Oerl Selentiod RX¢ levebvaloe () st ored i nfornmation cell
sel ecti opQ Jhl.s ProcetMeasureiceil RX ¢slel phlae (RERM). of carrier frequencigs,
008

and opt | BGLLY, a1 SO T NRiffh macreklevaﬁrnetnsfcenedsmyom pT evi ously

r ecei ved-gEasurement g 7 Vi y

det ect ed| CBFY ™ ¥nce 1 (ﬁggs Qggé'ia Qgggtgacgg&fﬁﬂrﬁ’fg? S&‘f?el ect| the
suitablelcell. If no ng |n| I a |

sel ect i op—procedure d DL o.l L cu |_UUUJ ate cel
resel ect | prPMReNsAoN, "‘a’—(%mﬂdf%@?%%n es—for

Pemax Maxirhum TX power level an UE may LS5 when‘fransmnttmg on the
uplink in the cell (dBm) defined as Pemaxin [TS 36.101]

Pumax Maximum RF output power of the UE (dBm) according to the UE
power class as defined in [TS 36.101]
[0063] Regarding the step of cell selection, the UE may use one or both of the

following cell selection procedures. One of the two cell selection procedures is initial
cell selection. This procedure uses no prior knowledge regarding which RF channels
are E-UTRA carriers. The UE may scan all RF channels in the E-UTRA bands
according to the UE capabilities to find a suitable cell. On each carrier frequency, the
UE might only search for the strongest cell. Once a suitable cell is found, the suitable
cell may be selected.

[0064] The other of the two cell selection procedures is to use stored information cell
selection. This procedure uses stored information of carrier frequencies, and optionally
also information on cell parameters, from previously received measurement control
information elements or from previously detected cells. Once the UE has found a
suitable cell the UE may select the suitable cell. If no suitable cell is found, then the
initial cell selection procedure described above may be started.

[0065] Later, cell reselection is another step in UE procedures for IDLE mode.

When camped on a cell, the UE may regularly search for a more suitable cell according

14




When canped on a cell, the UE may regularly search for a nore suitable cel
according to cell reselection criteria. If a nore suitable cell is found,
then the nore suitable cell nmay be selected by the UE to canp on. [0066] In
the case of E-UTRAN inter-frequency and inter-RAT cell reselection,
priority-based reselection criteria may be applied. Absolute priorities of
di fferent EUTRAN frequencies or inter-RAT frequencies may be provided to

the UE in the systemipformation or._.in the. ecti onRel ease, nessage, or
my b pRGATEREBGIGT #Tbe .| g mioTe Sutele G IIURO APeR e BprsUtRRle Cof
I nter-RAT cell selection or reselection. [0067]1In the case of
i ntra- f r wgyhecselegted by the Upte sempyon.nt er - f requency cel | resel ection, a cell
ranking procedure nmay be applied in order to identify the nost suitable
cell. Th{0as8]l datha capexnfib-gfRAN-nterirequencynant interiRAT oell teselection,cel | s and
may be defined as "Rs" for neighboring cells (also known as the cell
r esel ect proritg+based reseldction kbrtedatneaynise applidde Absblute gridmtiesiof difierént\&-ng
equations: Rs = Qneas,s+ QHyst Rn = Qnreaso Qoffset where QVOCI S

UTRAN frequencies or inter-RAT frequencies may be provided to the UE in the system

information or in the RRCConnectionRelease message, or may be provided by

inheriting these frequencies from another RAT at inter-RAT cell selection or reselection.

[0067] In the case of intra-frequency and equal priority inter-frequency cell

reselection, a cell ranking procedure may be applied in order to identify the most

suitable cell. The cell ranking criteria may be defined as R for serving cells and may be

defined as “R,” for neighboring cells (also known as the cell reselection criteria R).

These terms may be defined by the following equations:

Rs = Qmeas;s * QHyst

Rn = Qmeasn + Qoffset

where
Qmeas RSRP measurement quantity used in cell reselections.
Quoffset For intra-frequency: Equal to Qoffset; ,, if Qoffsets , is valid,

otherwise this equals to zero.

For inter-frequency: Equal to Qoffsets , plus Qoffsetiequency, if
Qoffsets , is valid, otherwise this equals to Qoffsettequency-
Qyst Specifies the hysteresis value for ranking criteria, broadcast in
serving cell system information

[0068] The UE may perform ranking of all cells that fulfill the cell selection criteria, S.

The cells may be ranked according to the R criteria specified above, deriving Qmeasn
and Qmeas s and calculating the R values using averaged RSRP results. If a cell is

ranked as the most suitable cell, the UE may perform cell reselection to that cell.
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RSRP neasurenent quantity used in cell reselections. Qoffset For
I ntra-frequency: Equal to Qoffsets,s, if Qoffsets,s is valid, otherw se
this equals to zero. For inter-frequency: Equal to Qoffsets,s plus
QO fSettrequency, if QOfSetsmis valid, otherwise this equals to
QO f Setfreouency (Hyst Specifies the hysteresis value for ranking criteria,
broadcast in serving cell systeminformati on [0068] The UE may perform

The cells

ray. bo r MG o Sl Rbisctivs mey PO col FReREloR At eReBMeR 4 Croasi
and Om " and cal culating the R val ues using averaged RSRP results. If a
cel | is Mimey rasslediine da celoriyiithe Fllowing o 9diieys BEr Mk rt 6% e new
resel ection to that cell
cell is better ranked than the serving cell during a time interval “Tresetecionrat - S€cond,
more than one second has elapsed since the UE camped on the current serving cell.
[0070] Type 1 Relay Backhaul Link Quality
[0071] Ina communication network having RNs, when the UE connects to a RN,
two-hop radio communication occurs, rather than a traditional single hop radio
communication. For example, communication from a UE to a RN and from the RN to an
_ eNB involves two wireless hops, as opposed to communication from a UE to an eNB,
which involves only one hop. Multi-hop communication includes two or more such
hops.
[0072] As discussed above, the overall link throughput between the eNB and the UE
may be not only dependent on the link quality between the RN and the UE, which is the
access link, but also may be dependent on the link quality between the eNB and the
RN, which is the backhaul link. For example, if the link quality of the access link is very
good, but the link quality of the backhaul link is relatively worse, then the overall end-to-
end link quality is not good. The link quality is bottlenecked by the backhaul link, in this
particular case.
[0073] Ingeneral, the backhaul link should be relatively good. However, in the case
of mobile or nomadic RNs, the backhaul link quality may become worse and may also
be time-variant. In one embodiment, an end-to-end SNR for two-hop radio

communication may be derived as shown by the following expression. The end-to-end

SNR for two-hop or multi-hop communications may be referred to as a composite signal
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[ 0069] Addi tional restrictions may apply to cell reselection. In an
enbodi nent, the UE nay reselect the newcell only if the follow ng two

conditions are nmet. First, the new cell is better ranked than the serving
cell during a tine interval "TreseiecrionRAr". Second, nore than one second
has el apsed since the UE canped on the current serving cell. [0070] Type 1

Rel ay Backhaul Link Quality [0071] In a conmunication network having RNs,
when t he . N, .t wo-hop radi Q..cCQo ni catio cecur r.at her
than & ¢ AUEIT: SRARCE ph Be BBl Sall RIS ERE e Sfess laR Siar quaify
communi cation froma UE tg a and mthe RN to an eNB invol ves two
wirel essaFﬁ)Bg‘?J'Qéjgéﬁ{m%gleoe@;mﬁﬁﬁ %& ron froma UE to an eNB, which
i nvol ves only one hop. Milti-hop conmunication includes two or nore such
hops. [0072] As di sed above, the oVerall link tb!‘: ?RUI bet ween t he
eNB and the UE may be“figt“on|’y dependent on;the }in % |t§ bet ween the RN
and the UE, which is the acc E;S—H—Frk— y be dependent on the |ink
qual ity between the eNB and @Rm_zmhiniuMhe_ backhaul |ink. For _
exanpl e, [0074] he lh eqiatipied ,ISNR Qs ihids #RCSNR dvienthd access linigemd, but the |ink
quality of the backhaul link is relatively wirse, then the overall
end- t oengNR id thi SNR BQEr 98 UhckHALR lihk. NEropt'@hiidtion! (), RGS &é by the
backhaul | iRr?%Fmﬁ‘ththi s particular case. [0073]I ﬁhgengr(a?', tl%eéggfét aBI i nk
should b ' p ! ; ' r i C RNs,
ﬁ]aeL féc@l IE% Iiﬁ’i é(nc?ﬁ\%doackﬁ Yink migtt ctolﬁﬁ'lbﬁ?égwg{ll Wéftgia it ltcgtéw%tq\/é HraTe

t he back qual 1ty may becone”worse and rrg-varl ant. In

dor 1 vod HUEfoln 8 B 6 £ MRy sk ereios Y SRy T e i °°

1o P BhadBiing eftSQ RERGR."InRb nichile Toiky 2858, R trmuim oy Shinge stz  ©

similar rate to SNRaccess _jink-

[0075]  In one embodiment, the UE may directly measure the SNRyceess_iink. The UE
may receive from one or both of the RN or eNB a measurement report of the
SNRpackhaul k- Thus, the UE may perform the calculation of SN.Rend.to.end (the composite
signal quality) according to equation 1. Alternatively, any other component in the
network, including the RN, eNB, or EPC, may calculate the SNReng.t0-end SO lOng as the
component either measures or receives a measurement of the values of the
SNRaccess_iink and the SNRpacknaut_iink. Other techniques may be used for calculating or
using the SNReng-10-end, SUCh as but not limited to those described below.

[0076] A UE connected to a RN might use two-hop bandwidth to complete one
transmission, compared with a one-hop transmission if that UE is connected directly to
an eNB. A UE might receive a higher SNR from the relay, but the total amount of
resources used for two hops, the access link and the backhaul link, could be larger than

a single hop transmission on the direct link from the UE to the eNB. From a spectrum
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quality, because both the backhaul link signal quality and the access link
signal quality are used in determining the end-to-end SNR 1 (1 SNR s u
SNR nkb: + Idtaul _link [0074]1n equation 1, SNRaence _nk - is the SNR over
t he access link, and

efficiency point of view, the UE should select a node that not only provides the best
SNR but which also achieves the highest spectrum efficiency. In an embodiment, the

bandwidth used on two-hop transmission may be derived as the following expression:
BW i to-ena =1 F(SNR s i) +1/ F(SNRypotioust tinic)
Where the function f represents the Shannon capacity formula:

f(SNR) =log,(1+ SNR)

[0077] In another embodiment, the function f may be a mapping from the SNR to the
particular MCS set based on predefined MCS mapping tables or curves. Each MCS
has a corresponding spectrum efficiency value. In another embodiment, the function f
may be any mapping function from the SNR to the spectrum efficiency.

[0078] The final equivalent endfto-end SNR for two-hop radio communication can be

derived to be equation 2, shown below:

_ _ 1
SNRend—ta——end = f l(yBW d—to—end) = f ' 1 1

F(SNR ey 1) S (SNRyois )

(Equation
2)

Where the function f~' represents the inverse Shannon capacity formula f®=2"-1. .
the mapping between the particular MCS set to the SNR based on predefined MCS
mapping tables or curves, or any mapping function from the spectrum efficiency to SNR.
[0079] In another embodiment, the end-to-end SNR might simply be the minimum of
the link quality of the access link and backhaul link. This approximation might be used

in some cases because the effective spectrum efficiency that the UE receives might be
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i  SNRbacknauui nk is the SNR over the backhaul Iink. Fromequation (1), it
Is seen that both the access link and the backhaul |ink m ght contribute
equal weight to the overall link quality. In the fixed relay case, SNP, -
-oacl di aul Ji nk changes very slowy, nostly due to the shadow ng effect
change. In the nobile relay case, SNR- -may change at a simlar rate to
SNRaccess_ link. [0075]1n one enbodinent, the UE nay directly neasure the

SNRaccess |ink. The UE recei ve fromone or. bot N or eNB a
e onbRloResksAbyIhG iw%sméawﬁamaw b Ahe e DaqkaULEK AR 1 BR8P n £ he

cal cul ati on of SNRend.th.end (the co site signal quality) according to
equat i onlink. |A|th|§r0ﬁae,|tbelepd-t@ﬁ9dmr5 Wﬁ@ﬁént in the network, including
the RN, eNB, or EPC, nay cal cul ate the SNRenci-to-end so |long as the

conponent either e,w es, OminEMR, Vs, ISNRASII GRENt | ues of the
SNRacnns fink and the SNR-- o &fquapongf

[0080] Backhaul Link Quality in the Mobility Procedure in a Type 1 Relay
Network

[0081] When the UE performs the mobility procedure described above, such as
intra-frequency cell reselection or handover, the UE should choose the most suitable
cell. The most suitable cell is normally the cell with the best composite link quality,
according to the equations defined above.

[0082] Currently, in LTE Release 8, the UE may determine the cell link quality solely
based on the measured RSRP. This procedure works well in single hop
communications. In two-hop communications, the joint two-hop link quality may be
considered instead. For example, from equation (1) or equation (2), if the backhaul link
quality is fair, even though the access link quality is good, the overall link quality may
not be good due to the backhaul link quality factor. Therefore, the backhaul link quality
should also be considered when the UE determines the link quality for different
neighboring cells, generated by either by RNs or eNBs, during the UE mobility
procedure.

[0083] In addition, load leveling in a RN may be proportional to the backhaul link
quality. For a weak backhaul link, it may be desirable for fewer UEs to be camped on
the RN. Otherwise, as soon as the UE goes from IDLE to CONNECTED mode,
significant signaling may be necessary to hand-over the UEs to other cells. Cell

reselection criteria based on backhaul link quality can be used to control the RN loading.
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- ackhaul _l'ink Qher techniques may be used for cal culating or using the
SNRe"d _to.end, such as but not limted to those descri bed below [0076] A
UE connected to a RN m ght use two-hop bandwi dth to conpl ete one

transm ssion, conpared with a one-hop transmission if that UE is connected
directly to an eNB. A UE might receive a higher SNR fromthe relay, but the
total amount of resources used for two hops, the access |ink and the
backhaul _l.i.nk, be | arger | nal e hop. transm ssion on the direct
li nk fromobat U@gt%iq‘ffge %%BaSﬁéﬂﬂgcng@:mfeeﬁFPmeg y point of view, the
UE shoul d sel ect a node that not only provides the best SNR but which al so
achi eves[0088l hi §harembedimentntherequiredngnfs fara Wk inlBldmedaversusa WBidwi dt h
used on two-hop transm ssion nay be derived as the followi ng expression:
=1/ f ( SCONNEGERD mogormay |befd(if$mao‘iqrteaamplampwane¢r@mbngwrca battery
represents the Shannon capacity fornmula: f(SNR) = 10g2 (1 + SNR) [0077] In
anot her poweredrdihmighttbe dnimportant ériters, Heeaasartine b gndyr et pgeetedNB spend he
particul ar MCS set based on predefined MCS mappi ng tables or curves. Each

MCS has & cemsingopiontifitg tisreatiDUB raddé. CTieerefors, aleltttioh bf theideess Aedwel ment
the function f may be any mapping function fromthe SNR to the spectrum

ef fi ci engg-RN with the best observed SNR, on the direct link between the UE and the access

node or only on the direct link between the UE and the RN, may be desirable in order to
facilitate both the decoding of downlink transmissions and the transmission of uplink
transmissions.

[0086] A UE in IDLE mode may only make occasional uplink transmissions, such as
tracking area registrations and tracking area updates. The amount of cell resources
consumed for these transmissions may be small. In addition, a slight increase in
latency (due to multi-hop communications) may not be an issue, so a RN’s backhaul link
quality may be of less concern.

[0087] A UE in IDLE mode may monitor paging messages and may occasionally
acquire or reacquire broadcast system information. Both of these operations may be
facilitated by choosing the access node or RN with the highest observed SNR. In an
embodiment, HARQ retransmissions may not be possible for paging messages, so a
higher SNR helps to assure a correct decoding of any paging messages that are
received. In addition, a higher SNR reduces the use of possible HARQ combining of
system information transmissions, which in turn reduces the power consumption at the

UE and the time required to acquire system information.
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[0078] The final equival ent end-to-end SNR for two-hop radi o conmuni cation
can be derived to be equation 2, shown below. =r YB we"df 1

[0088] The above criteria may be considered when the UE is in IDLE mode. The
following criteria may be considered when the UE is in CONNECTED mode.

[0089] It may be preferable for a UE in CONNECTED mode to minimize the amount
of latency introduced by any multi-hop wireless links over one or more RNs and/or eNBs
(especially with possible HARQ retransmissions introducing further latency). Thus, a
RN'’s backhaul link quality may be taken into account in this situation.

[0090] A UE in CONNECTED mode may be expected to transfer large amounts of
data, and therefore may have a significant impact on the total cell resources. Again, the
quality of a RNs’ backhaul link may be taken into consideration in this case.

[0091] From the above criteria for both IDLE and CONNECTED mode for a UE, in
one embodiment, it may be preferable for a UE in IDLE mode to choose one particular
Release 10 access node or cell, while the same Release 10 UE in CONNECTED mode
and with the same network scenario may prefer to choose a different Release 10
access node. This situation may not be an issue in E-UTRA Release 8 (LTE) network
deployments where the backhaul link quality need not be taken into account for cell
selection or reselection, since RNs would not be present. However, this situation may
be advantageously addressed in E-UTRA Release 10 (LTE-A) network deployments
where RNs may be present.

[0092] The embodiments described herein contemplate at least four approaches to
dealing with general mobility procedures for UEs (such as cell selection, cell reselection,
handover procedure, etc) in multi-hop networks where the backhaul signal quality
should be considered. These four solutions include IDLE mode cell reselection,

CONNECTED mode handover, handover immediately following transition to
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f (SNRi" . )+ f(SNRbackhad unk) (Equation

CONNECTED MODE, and immediate cell reselection prior to entering CONNECTED
mode. Each of these approaches is discussed in turn.

[0093] IDLE Mode Cell Reselection

[0094] For UEs in IDLE mode, the backhaul link quality of RNs may be taken into
consideration by the cell reselection procedure. By taking into account backhaul link
quality of RNs, the end to end link quality may be determined in order to perform the
suitable cell reselection procedure. By knowing the end to end link quality, the overall
spectrum efficiency may be improved. Calculation of the end to end link quality may be
determined according to the equations defined above, as well as other techniques that
will be readily apparent to one skilled in the art in light of this disclosure.

[0095] Connected Mode Handover

[0096] For a UE in CONNECTED mode, the backhaul link quality of relay nodes may
be taken into consideration by the handover procedure. By taking into account
backhaul link quality of RNs, the end to end link quality may be determined in order to
perform the suitable handover procedure. By knowing the end to end link quality, the
overall spectrum efficiency may be improved.

[0097] Possible Handover iImmediately Following Transition to Connected
Mode

[0098] A UE in IDLE mode might not take the backhaul link quality of relay nodes
into consideration when performing cell reselection. When such a UE enters
CONNECTED mode, the network may take the backhaul link quality into consideration
when determining whether or not to perform a handover of the UE to a different cell, in

order to improve the overall spectrum efficiency. In this scenario, the backhaul link
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2) Were the function f-1 represents the inverse Shannon capacity formul a
ri(x) =21 -1., the mappi ng between the particular MCS set to the SNR based
on predefined MCS mappi ng tabl es or curves, or any mapping function from
the spectrumefficiency to SNR [0079] I n anot her enbodi nent, the end-to-end
SNR m ght sinply be the mninumof the link quality of the access Iink and
backhaul Iink. This approxi mati on m ght be used in sone cases because the

by the 1 ALy Aged Thie (ReE G agmaiteralion nen fis JEdR REHAMTIg Relbioseietab coss
link. Inthis case, the end-to-end SNR is defined as: SNRes w end =
nmi n( SNRawhije iniDLENRede nor mheatthe WESs maienio GANNELTED madeQHawaverithet he
Mobility Procedure in a Type 1 Relay Network
backhaul link quality may be taken into consideration after the UE enters CONNECTED
mode. That is, the network may move the UE to another cell after the UE enters the
CONNECTED mode after considering the backhaul link quality. This embodiment
(which does not take the backhaul link quality into consideration during IDLE mode cell
selection) is different than the CONNECTED mode handover embodiment described
above, where there is a possibility that the UE may take the backhaul link quality into
consideration while performing cell selection in IDLE mode (i.e. prior to moving to
CONNECTED mode).
[0099] Intermediate Cell Reselection Prior to Entering Connected Mode
[00100] A UE in IDLE mode uses the current Release 8 cell selection or reselection
criteria to choose a cell on which to camp. Using the Release 8 criteria, the cell with the
best SNR, and which satisfies other relevant selection criteria such as the correct PLMN
or other criteria, is selected. These criteria minimize UE power consumption while in
IDLE mode.
[00101] When the UE moves to CONNECTED mode, such as when the UE is paged
or when the user wishes to initiate a connection session, the UE may examine its recent
and/or newly acquired measurements and/or system information from neighboring cells
and/or additional information related to the backhaul link quality from the serving cell. In
this case, the backhaul link quality may be considered as a parameter for intermediate

cell reselection prior to entering connected mode. The UE may reselect to an

appropriate neighbor cell before commencing the IDLE to CONNECTED mode
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[ 0081] When the UE perfornms the nobility procedure described above, such as
intra-frequency cell reselection or handover, the UE should choose the nost

suitable cell. The nost suitable cell is normally the cell with the best
conposite link quality, according to the equations defined above.

[0082] Currently, in LTE Release 8, the UE may determ ne the cell link
quality solely based on the neasured RSRP. This procedure works wel | in

i ik qualt g iy A BBRsRER elaoth oL R i W BREStat pelsd AR LNBI o

equation 1(?%}! i f the backhaul link quality is fair, even though the access
link quaf rﬁ§°‘§f8%%'s’f‘ﬁ!§"'5%r all link quality may not be good due to the

backhaul link quality factor. Therefore, the backhaul |ink quality should
al so be [Q%QZheﬂ@ano%ehemh@dlm@nae&taeMﬁweefqrn@ the mLathQNNE@TEaumma ent

nei ghboring cells, generated by either by RNs or eNBs, during the UE

nmobi | i t ytransitierdon the GLORBB semingddl; thercorrespahdimgy sérvimg dehi aaca®s nole dae
proportional to the backhaul link quality. For a weak backhaul link, it may

be desi r tHeneif hetedsang icobliguré thdgEte prefdme and hepdfinebirementgasas soon as
the UE goes from I DLE to CONNECTED node, significant signaling may be

necessar 5%%rgﬁha¢ad TRESE nidaRutdnferit Peiriddancibh be usel ko Er@?élf Sebiviiikeriteria

based on haul link quality can be used to control The RN | oadi ng.

E:?nggg} n:s%gcté@gs?‘gﬁ{?? e e Bﬂ@fﬁggﬁ%%ﬁg&ébﬁ@manﬁa\lNEdEg
UE ?nSﬁty'@é*siér#‘sfen{s%“{ewr?@arg?%%%gﬁé’rﬁﬁé%8@’@%%&60@?%%@5*@6&EH S# spend
coess B I Retarmuinia WheR o Bertoms Bandeer S ine farost I PF accessinioge "

bet ween t he UE and the access node or only on the direct link between the

UE and tﬁ’eh%qo"%t? be desirable in order to facilitate both the decoding of
downl i nk transm ssions and the transm ssion of uplink transm ssions. [0086]

A UE in [00083hodfea Hhys tamporatly enayingio GANNEHIED queafnethewm ofsuch as
tracking area registrations and tracking area updates. The anmount of cell
r esour c eperfamingrad racking AreadRegistrationss iToackingArdacUpdaie (TAU) treerdtheiln, a
slight increase in |latency (due to nulti-hop conmuni cations) may not be an
i ssue, speed MM resdlactitb audifférenkcealiu dhstead, ity UEemay rémain campeeron the

currently selected cell. In one embodiment, the NAS of the UE may indicate to the RRC

of the UE that the RRC connection request is solely for performing TAU. Therefore, the

UE need not reselect to another cell by considering the backhaul link quality as a

parameter. In another embodiment, the eNB may be made aware that the UE is

moving to CONNECTED mode solely for the TAU purposes to avoid triggering a

CONNECTED mode handover to another access node. Several possible embodiments

are described below.

[00104] In an embodiment, making the eNB aware of this information can be

accomplished by modifying the IE (Information Element) EstablishmentCause in the

RRCConnectionRequest message. The RRCConnectionRequest message is the first

24



[0087] A UE in IDLE node may nonitor pagi ng nessages and nmay occasionally
acquire or reacquire broadcast systeminfornmation. Both of these operations
may be facilitated by choosing the access node or RN with the highest
observed SNR In an enbodi nent, HARQ retransm ssions may not be possible
for paging messages, so a higher SNR hel ps to assure a correct decodi ng of
any paging messages that are received. In additi on, a higher SNR reduces

t he use of possibl e HARQ comnbi ni ng _of s steﬁf ormatign tr m ssi ons,

whi ch i nmegsage hatihe Uk ﬁ@“%@éhe@&% {?tﬁﬁ %h gonnectoR wit ?P required
to acquire systeminformation. [0088] The above criteria nmay be consi dered
when t hewbenthe UR trigi © move:fromibe {RLE swidedo the CONNEGERDwaodsnEhaler ed when

the UE is in CONNECTED node. [0089] It nay be preferable for a UE in
CONNECT E€urnari ¢E Establishmeat€aube naaytindude thd fatlemiog valuesoelnergenby, any
mul ti-hop wireless |inks over one or nore RNs and/or eNBs (especially with

possi bl empﬁﬁﬁbﬁ 9AEEHES TinE-AcOskss, niu-SigRtling gndDdtdeand thiee spare valbes., InaarRN' s
backhaul ['ink quality nay be taken into account in this situation. [ 0090] A

UE i1 COOBORR s ol BXidbis iRt VA bRip e tefiisudaynt s of data, and

Eﬂgrefjglre may have a significant |rrpact o] e total cell resources. Iﬁg;ﬁuhlns
caseq Bééllli"? r@a alhn gtég?dgéalt%gtﬁié 'ﬁée&wgg%k%%gngde for a
o ons By oﬁswe%égwﬁsﬁf A el PR, 1o
i or eriherbAckBad il AL tHe AESS R TeNETk LUBFBH NABOVRrarBE e UFSO0ES, 1
E- UTRA Rel ease 8_|(LTE) net wor k depl oyrrents where the backhaul link quality

need not tafe zcount for cell selection or reselection, since RNs
woul d not be present. However, this situation may be advant ageously

addr esse[00105E- UERN atereative erabqdimentajf anEAUsesults dp R fstablishmpriCausast my be
present. [0092] The enbodi ments descri bed herein contenplate at |east four
appr oac hem-Signalirg heing usedwikindhe RREGornectionRemestmessdgs, thabsthe ebith as

cell selection, cell reselection, handover procedure, etc) in nulti-hop

net wor ks mige et bé alldvasd rtake thepretdy isaokhatillink lqaalitg inte considerddoébr These four

solutions 1 nclude I DLE node cell reselection, CONNECTED node handover,
handover hhragvdr abRrminafbh.0ThidGestrieisi ighlbé only for a fixed period of time,
following a UE establishing an RRC connection, so that possible handovers based on
the relay backhaul link quality would not be blocked for an extended period of time.
[00106] In the above solutions, the backhaul link quality in the overall link quality may
- be estimated or calculated. This estimation or calculation may be performed using the
equations defined above.
[00107] In the embodiments described above, different components in a wireless
network may perform the various functions described above. For example, an eNB
and/or a RN could measure the backhaul link signal quality and transmit that information

to the UE. The UE could measure the access link signal quality, or the RN/eNB could

measure the access link signal quality and then transmit that information to the UE. The
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CONNECTED MODE, and inmedi ate cell reselection prior to entering CONNECTED
node. Each of these approaches is discussed in turn. [0093] |IDLE Mdde Cel
Resel ection [0094] For UEs in |IDLE node, the backhaul link quality of RNs
may be taken into consideration by the cell reselection procedure. By
taking into account backhaul link quality of RNs, the end to end |ink
quality may be determined in order to performthe suitable cell reselection

pr ocedur | e t . nd L t ovieral ] -spectrum

of 11 of endE tﬁé&‘/ hﬁ“&%%ggbe 84 Jeferiaf il &Rktrig'y tbgsw%"qnlsﬁ{?ﬁa lity may
be determ ned ,accopding.tq. the equgtio def i ned apove, as welJl as other
Cechni quakowendn appiner Bebodisetl BB BAN oIS REAN S (5 of ReibReorgdls  n 1 gt
of this disclosure. aEO'OQS] Connect ed Mbde Handover [0096] For a UE in
CONNECT EanGringluidetim thap listaesresponding sigaal qualitigs fopthe vatigus Haalhaublinksaken i nt o
consideration by the handover procedure. By taking into account backhaul

| i nk quaand/gr accersitinks, aod éren transenitithat list tethel UE Jonmuse bydhddtkeinni ned i n or der
to performthe suitable handover procedure. By knowi ng the end to end link

qual i ty, deteeminingraelliseketion criteriaf in yetemothereynbodimenty thedRN ah0/0p éNBRasiki bl e
Handover | nmmedi ately Following Transition to Connected Mbde [0098] A UE in

| DLE nodgscaivei méééurb@&@céd%ﬂinh%fqﬂaﬁqbalit* fismaHe IUR, Yor afterhativaly dipstdly 1 nt o
consi deration when performng cell reselection. Wien such a UE enters

CONNECTEfdelB@ie thé B8cdtink rs,lgnmﬁﬁs}s @l iferPaqkhat thé Fg.'gpren&gé ﬁgm iggjhmy

consi deration when determ i ng ether or not to pe er “of the

U, 2 BESHRET Bt ids il Dbl b B5es ¥ A a5 b
transmit the composite signal quality to the UE. Still further, the RN and/or eNB could
calculate the cell selection or reselection factors and then transmit those factors to the
UE for use in cell selection or reselection. Other combinations are possible with respect
to which components perform which functions. Further, the above embodiments apply
to any other mobility procedures for the UE as well, such as handover procedures.
[00108] Figure 3 is a flowchart illustrating a process of using a backhaul link quality to
determine whether to perform a procedure selected from one of cell selection or cell
reselection, according to one embodiment of the disclosure. The process shown in
Figure 3 may be implemented in a UE, such as any of the UEs shown in Figure 1, in the
network component shown in Figure 4, or in some other kind of network component.
The process shown in Figure 3 may be implemented using the techniques described
with respect to either Figure 1 or Figure 2. The process shown in Figure 3 is an
exemplary process, and other processes may be recognized by those of skill in the art

based on the description provided with respect to Figures 1 and 2 and elsewhere

herein.
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quality need not be taken into consideration when the UE is performng cel
resel ection, while in I DLE node, nor when the UE is noving to CONNECTED
node. However, the backhaul link quality may be taken into consideration
after the UE enters CONNECTED node. That is, the network may nove the UE to
another cell after the UE enters the CONNECTED node after considering the
backhaul Iink quality. This enbodi nent (which does not take the backhau

link quality into consideration during |DLE node cell selection) |s
di f f er enl00198h tTihe Rres@esdramsAsthe SRS SPMPRRBRY Ardhe U%éi"é?ﬁ"ﬂ@%g ‘é(b%t&‘sr

where there is a possibility that the UE may take the backhaul |ink quality
i nt o coner defrtatpedarmuai mebilil pragediure sueh s sell selection orcell reseleation, hased. pri or
to nmoving to CONNECTED node). [0099] Internediate Cell Reselection Prior to
Ent er i ngatieastdn {part dvbaifirsf backbail linkldhality Hebvéema fiest nalay nodeeand affiestt Rel ease
8 cell selection or reselection criteria to choose a cell on which to canp.
Usi ng t hgckisaniee (Bloek BOBY. iThe proceditk lcouldidndt Here hersdonfiflie. and whi ch
satisfies other relevant selection criteria such as the correct PLMN or

ot her crg@Mof: The BEhRf tREn redeRea Sé¢drlriatkRaw lifik §BalldrbBeRh £&utHaPt | on
while in I DLE node. [00I01] When the UE noves to NECTED node, such as

when t he"%%d‘%g%‘g‘sg s@f:oﬂwg&egg?lokié.eﬁ’P&’iL@ﬁrsthb‘hé brkicBhfpoRefdnagct | on

sessi on, examne 1ts recent and/or ne y acqul red neasurenents

! YT LBk O R P L 1,
BN I TS A AL R T

resel ect to an appropriate nei ghbor cell before commencing the IDLE to
CONNECT EBnéHeeseqond ielay inede (blackdr)obptesthat theifigstiasressnqde pay opmay ok whi ch
the total expected consunption of cell resources is mnimzed. [00102] In
anot her betheisamaas the secandgccpss NedersThesetoriccerpamatiectiel

transition on the current serving cell, the correspondi ng serving cell
access nawmsomnthelaeoess linkrpabiyssndymighb nél npeddo thieagiveh thet measuremeahbly r epor t
measurenents, as appropriate. These neasurenent reports can then be used to
trigger thewdtwork- di rected handover to a nore appropriate access node that
optim zes cell performance. In this case, the network directed handover may

consi der [6g¥q 1pacireaidtwbrikidontpbrent or the UE ealtligtdsQnfirsOéorfisdsite Sighahqualien t o

perform a handover and the target RN or access node to handover to. [00103]

1T a UE iyt ot thgrmyé tRekhaul FRRIYESTRE BnaastefikPhcdels iRk GRARE (Mck

perform ng a Tracking Area Registration Or Tracking Area Update (TAU), then

the LE nﬁﬁ&,} "Rle ﬁ&@gkﬁe&}mé ot 8t {ﬁeﬂﬁgiﬁocﬁlwatéﬁgtggﬁgnd {:Qﬁ?#gte;%\aﬁ enmai n

canped o e currently selected ce n one e I men of the UE
i ndi cat th f.t t t he R [ J | el

T ey R CRE ] ek s BB BB Bl )
i deri t he backhaul |ink | jt ter. | t.h

eboc meHH0cK H6)o S BT CREROTUL B teRGAUBMS ORB f FSHBGEENNECTED

node solely for the TAU purposes to avoid triggering a CONNECTED node

handover rasglestiog ke cellased andhe firsteprpasity sigaaliqualityandthesaeandyy e descri bed

bel ow.
composite signal quality (block 308). The process terminates thereafter.

[00112] The UEs, RNs, and access nodes, as well as other components described
above, might include a processing component that is capable of executing instructions
related to the actions described above. Figure 4 illustrates an example of a system 400

that includes a processing component 410 suitable for implementing one or more
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[00104] In an enbodi nent, nmaking the eNB aware of this information can be
acconplished by nodifying the IE (Information El enent) Establi shnent Cause

i n the RRCConnecti onRequest nessage. The RRCConnecti onRequest nessage i s
the first 24 message that the UE sends to the eNB to initiate the RRC
connection with the eNB when the UE tries to nove fromthe |IDLE node to the
CONNECTED node. The current |E Establishnment Cause may i nclude the foll ow ng
val ues: energency, highPrjorityAccess, - Access, -Signal | i ng, - Dat a,
hnd 't b e EMBRBINETS Aelsed hotein. SRR P the,prgasses CABINERR AR Eoral Lo
may be defined, such as trackingAreaSignalling, to indicate that the RRC
connect i ¥hag agaetsal AracessPiyRit or PWALU‘%EY%%&@%UQQ%'"@MG@EM% spar e

val ues. Hence the network need not further consider the backhaul Iink

qual i ty tomnectivityxdevidasl 420nsandonkactiese marony4dRAd)et30afeadroryhmet®ryroves t o
CONNECTED node. [00105] As an alternative enbodinment, if a TAU results in
an Est ab{RONM)€40secoadady storagéidg0sandigpbtoutput(HO) devites 460.hFhese

RRCConnect i onRequest nessage, then the eNB mi ght not be allowed to take the

rel ay bagsmpbhents Rigiitudiunitate YithQHe AtiRdrividna bos 476 doyshe @aséay, Sbmat | on.
This restriction mght be only for a fixed period of tine, following a UE

ol oy ngiﬁgﬁée?%%ﬁg%-ﬁ?&l Ao ??;‘Eiﬁ"?‘?%‘?‘“‘?@‘gé? Eﬁ@?ﬁ‘aﬁﬂﬁ od of
el ay’ backhall _ | nded
ovaral | NRRe el oF ROKBUREBeBNErys HoP s Thsd Cfpdiédls s s, o

cal cul atjon, be perfor.med i ng the uations defined above. [00107] In
he empolfeAsY acindls PHEICE 5ol o th bt b Sristiliisinl &Mtk AVHRionsas net wor k
may perfaqrmthe various functiops, described ove. For exanple, an eNB
ol b 2SR NG 25 DPDGRKSTL Y HIRRTPCrS90k 410 GGt B Jaken By Hechropasson 1
that information to the UE. The UE coul d neasure the access |ink signal
qual i ty, 449 alone orky dhgsprasasepridd Q4n cenjuRetionaiitisene PiKOES eptaponamts shawrmnd
then transmt that information to the UE. The UE then may cal cul ate the
cel | sel ecndtshowniin éhe draning, sucmgs adligitak signalarocessod S Me4D 2 Although the

anot her enbodi nent, an eNB or RN could maintain a |list of neighbor cells
and i ncl D&® 402 islshbwhiasta separatemontgtiongnt thienREPH02 mightbe freorpdnated ditb ous
backhaul |inks and/or access |links, and then transmt that list to the UE
for use the prbeeddor ymodeterm ning cell selection criteria. In yet another
enbodi nent, the RN and/or eNB could receive a neasured access |ink signal

qual ity [goaaB} hThbprodssat 4 I Brdduted iMstiictiBRs, cbdeBasamsutélrogamfs or | 1 Nk
signal quality, and then cal culate the conposite signal quality according

to the ! gaithd HAER ERCAdBESBRANE netwbrk BbAnécibfly adiiced B4a RAN 3G ORLU!

transmt conposfte signal quality to the er, the

o o N Sy WPk AR S e BB B glch °n
o e e oA bR R e TR ol B e g o

any other nobility procedures for the UE as we||, such as handover
pr ocedur Sieragesievisis). Anapplicationor gther cpmpaiter ysableregranheode Maybestored usi ng
a backhaul link quality to determ ne whether to performa procedure

sel ect edon apyrpbihese fevices, os onseomeaether storade daving. Yhileenly epe &R Ag0iso one
enbodi ment of the disclosure. The process shown in Figure 3 nay be

i mpl errensteawn, mudtiple preoeshorssnaynbe pfesent Vikss, sihdlesnstnuctiorgumay be discusded

net wor k conmponent shown in Figure 4, or in sone other kind of network
conponenss bding epeadtes by arotessor,fhg instrudtiorsymiy be epeeuted sintLitapeagsly, he
techni ques described with respect to either Figure 1 or Figure 2. The

process sdhaiy, drivtirkrliseebylohd oPMuRibRIBo8E350Ps. OFRS BrocBSsbra10ghaphecesses may
be recogni zed by those of skill in the art based on the description

provi dediﬂﬂlérﬂeﬁt@ﬁ%“&né&rﬁ&‘é%lﬁ@ cﬂ'nip%.nd 2 and el sewhere herein.
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[ 001091 The process begins as the network conponent or the UE determ nes
whet her or not to performa nobility procedure, such as cell selection or
cell reselection, based at least in part on a first backhaul link quality
between a first relay node and a first access node (bl ock 300). The
procedure could end here, or continue. [00110] The UE may then receive a
second backhaul link quality between a second relay node and a second

access n 441N E or the netwark co nt sure.a first access
ok quaRityady TremebkorkiaoBetivRy feVBet F28 ey N BeTR B Borems, mpdem,
node, an ﬁgg ond access |ink %uaLit of a second access |ink between the
UE and t R&n NeeyiFeR o\uverpaiara (USR)iterface deviges, sexdal intedacss, node
may or may not be the sanme as the second access node. The network conponent
or the Uokeryingsieyies, fibes dislriwied datalintgdace (RPRIN devicem winetassiecatiatea be

gi ven that neasurenent by the network. [001111 The network conponent or the
UE cal cuhetwssk GVLANS tevices, 0adio éranscpivdr devizes such bstodendivisibesmbltiple t he fir st
backhaul link quality and the first access link quality (block 304). The
net wor k aceess{EDMAY devives ifobalsysieat fon hidbile compauricitions (BSM) radiei gnal
quality that includes both the backhaul link quality and the second access

l'i nk qualrahisceiVer aeticsd RorldWite iﬁ?érzgﬁr’ébm@rfapﬁméwwe amsywmx? a&jit&y, s one

of selecting or reselecting the c based on the first conposite signal

quality )| j ' ; ' I QQQN The process

t erm nat g@? Lgfrﬁggﬁt&g? Hoﬂf@g%?g?é %@bﬁ@tmﬂﬁ@bbﬁoﬁ%cﬁé{? no %rsk, as well as

ot her co . i 1 j nel i.ng..c onent that
s capapr et iR 428 tndy idbie Mot ton 418 «F B RIARII iR Do
above. Fjgure 4 illustrates an exanple of a syst 400 that includes a

pr ocessi MERSHYSANGQ ME tg%f’?@ﬂ]“@'%?"? Hﬁq‘"&ﬁﬁ\;‘?ﬁ ‘ﬁﬁéf 8¢smWhEg§'6%ii ment s
di scl osed herein. In addition.to the processor 410 (which np% be referred
to as a PORESSAr 41Pspighigeeiyp informpatiopgr to whichdpe pegresser 410ghight aetpubie
network connectivity devices 420, random access nenory (RAM 430, read only
nenory (REVNatian, The setwrik gornestiviedenvces 42(imight alsodugiyde orie pranotkevi ces

460. These conponents m ght comrunicate with one another via a bus 470. In
sonme caskansoeiver conponie 425 cppakle of trassmitting dne/qgnreseiving datamsiyelessly.onbi ned
in various conbinations with one another or with other conmponents not

shown. TJ08445F oithe AN 430ingight beeusextiatstarei volatilesdatglaad [peytsapsab storei ty or in
nore than one physical entity. Any actions described herein as being taken

by the pineeecivns tHetQreregdiutéEby tHesprobyssoha10r The ROM 440Gs alneRsofitildy t he
processor 410 in conjunction with one or nore conponents shown or not shown

i the ditiopdents thatfypfafly ks 8lsnidier fenkirg BE5AAH EFRe rﬁ?l%gﬂéyéglrt%h the

DSP 402 is shown as a separate conponent, SP" 402 m g orated

oo, "Softh8sBestRland firadebb ROM P40l B8 sed 10K FMbGaIOMHEIC | o7,

codes, conputer prograns, Or SCrip access trom the network

comnect ol 058 8 e UM Shoc B i GEE Rk \OBRRTARC, (1 o1
o 8] L 5R)  oBhSlr B3t bR St Pho ShLSHsth " 295, o

on any of these devices, or on sone other storage device. Wile only one
CPU 410 $teragrstag is hpiaally cemprised ekenesonmgredisiodidvasar tapeddvesand rsigh
instructions may be discussed as being executed by a processor, the

i nst r uctheusediiey nee-velalile sterage iofrdatearasian gverdlow data plorage devies ifiR&M by one
or multiple processors. The processor 410 may be inplenented as one or nore
CPU chi p&30 is[nobtatgg effdughiotholt &l workirgcdatai Secdrdary stordg®45@pr malgdet he form
of nodens, nodem banks, Ethernet devices, universal serial bus (USB)

i nt er f aaeseddyistors programs|thatrire (datied IntotRAM430i witerfsuchqr6grahide sdicsted but ed
data interface (FDDI) devices, wireless |ocal area network (W.AN) devices,
radi o trigpege&dutieh. devi ces such as code division nmultiple access (CDVA)

devi ces, global system for nobile conmunications (GSM radio transceiver
devices, worldw de interoperability fozgm crowave access (W MAX) devi ces,
and/ or other well-known devices for connecting to networks. These network
connectivity devices 420 may enabl e the processor 410 to conmunicate with
the Internet or one or nore tel econmuni cations networks or other networks
fromwhich the processor 410 m ght receive information or to which the
processor 410 m ght output information. The network connectivity devices
420 m ght al so include one or nore transceiver conponents 425 capabl e of
transmtting and/ or receiving data wirelessly. [00115] The RAM 430 m ght be
used to store volatile data and perhaps to store instructions that are
executed by the processor 410. The ROM 440 is a non-volatile nmenory device




[00116] The 1/ 0O devices 460 may include liquid crystal displays (LCDs),
touch screen displays, keyboards, keypads, switches, dials, mce, track
ball s, voice recognizers, card readers, paper tape readers, printers, video
nonitors, or other well-known input/output devices. Al so, the transceiver
425 m ght be considered to be a conponent of the I/O devices 460 instead of
or in addition to being a conponent of the network connectivity devices

420. [00}117 hus, enbodi rents provide for, a systemincl udi a

proc essoioqu%ﬁi-i éfﬁxeéw 88"'8%? (ﬂg‘ﬁé‘ inglideliquid WB‘@E‘F'SK‘HY%&%% ﬁ“fjﬁ g?’@é"@dur e.
Determning is based at |least in part on a backhaul link quality between a
rel ay no#isplays. kaybaargsskeypads. switshesglialsaicentiack balls: wieg eesogpigdisgeardor a
net wor k conmponent conprising a processor configured to determ ne and

provi de reddersypapentapeireadsts,tminterskvideg monittrsgerothenwelbkrowsEinput/outpet by t he
UE in a mobility procedure. The network conponent may be at | east one of an
RN or andevices sAlsodbe tfab8deivdr 4R5amighibbel comsidered it be praompbaehbof the et hod

i npl enented by a processor. The nethod i ncludes deternm ning whether to
cause a gewteLa60 PERAM dof dFin AdUitisi tbDeifgha BBMpbhént of teckstwbek cdmietiviyni ng i s
based at |least in part on a backhaul |link quality between a relay node and
an accesgeyjese42¢9.00120] The fol | owi ng docunents are hereby incorporated by
reference In thelr entireties: TR 36.814 v. 1.0.0, "Further Advancenents

1 L Y RO R B 2000,
113 R el AR 38 8

Associ ation", R M 3G 36,213 V8..7.0 (2009-06 "Physi cal | ayer

pr ocedur 8slegpidn Pagong g‘?@@#"“@ﬁ@ﬁtﬂ’ﬁw 18 refay Qé@@-a%)a,x aCLERA P YResour ce
Control (Rel ease 8T, and 3GPP TS 36.304 V8.6.0 (2009-06), "User Equi pnent
(UE) pro d8ks Tihe erdpadimenis alsaprevise fara newetl sompprent aRWrisgEs
contenpl ate one or nore conputer readable nedia. The term "conputer

r eadabl eprosgssonconfigwed te determineging provide infgenationi relatedhiodrackbaul inkr e dat a
and from which a processor or other electronic device may read data.
However , qudlity tovd & foe nss byrthe HE S0 almokilith pddceduren  Theanatwiodscamporeshit mmaysuch
as carrier waves. The enbodi nents nay al so be inplenmented in the formof a
pr ocessope afltiastoriccof ArPRNedTfapy docebenbdds.hni ques descri bed herein. A
processor may be configured to performa techni que either by progranm ng

the proc gﬂﬁqq WiTha erbddimeRts 2k6 proviiedsr 4 iclifsd iEnpléitiefteB by &RSoBEsdop. Per form

a particular function, such as in the formof an application specific
o T oA holfih Py whstgeioae dGeruimmettl brnents,
and et nIRLILSEEEAEE ety ok e hbbut bt o RaiE s BARG 0L P

fromthe _spirit %ﬁ scope of the resgnt di scl osure. The present exanples
are to bBe ShelScik anq g PVRY8nd not restrictive, and the intention
is not tobelimted to the details given_herein, For exanple, the various
el enent s[120h nbedaliawing, O‘Bém%'?}ﬁﬁ%gﬁ'e@y '@W%‘H?Qd reeraniet iRdheit y st em or
certain features may be omtted, or not inplemented. Also, for exanple,

al t houghentivetiefs I& 3e814Ns1.8/% “DurtierAsivanogmentp fordrmIiAs &thysiea! Layee sini | ar
approaches could apply to multiple-hop communi cations as well, for exanple,
t hr ee- hoAspects” 3GPP; TS 36.300 v V8.9.0 (2009-06); “Evolved Universal Terrestrial Radio

Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-
UTRAN); Overall description; Stage 2 (Rel 8)"; R1-092419, “Type-ll Relay Reference

Signal Transmission and UE Association”, RIM; 3GPP TS 36.213 V8.7.0 (2009-06),
30




[00123] Al so, techni ques, systens, subsystens and net hods descri bed and
illustrated in the various enbodi nents as discrete or separate nay be
conbined or integrated with other systens, nodul es, techni ques, or nethods
wi t hout departing fromthe scope of the present disclosure. Oher itens
shown or discussed as coupled or directly coupled or comunicating with
each other may be indirectly coupled or comuni cating through sone

rochan; o J7INPCAb EV8E Hopafues (Reingse Biaor g 76-Snh a0 CafEkoer Radhs, and
alterations are ascertainable by one skilled in the art and coul d be nade

wi t hout HRegaurcefgpntrobiRaleased:and IGRP JSopfe3ent Y8164 P0R:06); ‘Wser cLAl M5 What

is claimed is: 1. A system conprising: a processor configured to
det er m n&Equipment (Ub) prooedures preidiecomodea (Release 8)/. procedure based at |east in
part on a backhaul link quality between a relay node and an access node. 2.

The syst §001@1] clTaerembodimenisicontemplatal drie or morecsothputen readatsle afedian Thed |

sel ection procedure; a reselection procedure; and
term “computer readable medium” refers to a tangible storage device which can store
data and from which a processor or other electronic device may read data. However,
the embodiments may also be embodied on transmission media, such as carrier waves.
The embodiments may also be implemented in the form of a processor configured to
perform the techniques described herein. A processor may be configured to perform a
technique either by programming the processor with software, by physically designing a
processor to perform a particular function, such as in the form of an application specific
integrated circuit (ASIC), or by using other techniques well known to those skilled in the
art.
[00122] While several embodiments have been provided in the present disclosure, it
should be understood that the disclosed systems and methods may be embodied in
many other specific forms without departing from the spirit or scope of the present
disclosure. The present examples are to be considered as illustrative and not
restrictive, and the intention is not to be limited to the details given herein. For example,
the various elements or components may be combined or integrated in another system
or certain features may be omitted, or not implemented. Also, for example, although the

descriptions are only for two-hop communications, the similar approaches could apply

to multiple-hop communications as well, for example, three-hops.
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a handover procedure. 3. The systemof claim1 wherein the processor is

further configured to receive the backhaul Iink quality between the rel ay
node and the access node. 4. The systemof claim1l wherein the backhau
link quality is a first backhaul link quality between a first relay node
and a first access node, and wherein the processor is further configured
to: receive a second backhaul link quality between a second rel ay
node and a second access node; calculate a firs site signal
qual i ty [00423Et Alsssiachnioupscestarms SUbsYRtems aRd Aatheds desclibbd apd

cal cul ate a second conposite signal quality that at |east |ncI udes t he
second bilogtrated in fhelvagoas empodiamnts as disctiie or sepasatgtinanhbe epmbingd@se for the
nobility procedure based on the first conposite signal quality and the
second cipapaicdevith gthet sy:;teths trpodules, tidhmquest emmethods aiithout deépartingframe

mobi lity procedure conprises determning the cell for which a best

conposi t geSdc@palof tHeprebantidiscidtiupell @RS items shown or discussed as coupled or
directly coupled or communicating with each other may be indirectly coupled or
communicating through some interface, device, or intermediate component, whether
electrically, mechanically, or otherwise. Other examples of changes, substitutions, and

alterations are ascertainable by one skilled in the art and could be made without

departing from the spirit and scope disclosed herein.
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6. The systemof claiml1l wherein the system conprises a UE and wherei n when
the UE is in IDLE node, the processor is configured to take into

consi deration the backhaul link quality during a cell reselection or
selection procedure. 7. The systemof claim 1l wherein the system conprises
a UE, and wherein when the UE is in CONNECTED node, the processor is
configured to take into consideration the backhaul link quality in a
handover procedure. 8. The systemof claim 1l wherein the system conprises
a network conponent, and wherein af t eFAIM@ UE ent ers CONNECTED node, t he
processor is configured to take the backhaul link quality into

consi der Whabis ¢laimedie: net wor k- di rect ed handover procedure. 9. The system of
claim8 wherein, when the UE is noving to CONNECTED node for the purpose of
perform ng one of a tracking area registration or a tracking area 34
update, the network is configured to avoid perform ng a handover procedure
for the WE bapegsiem bsapdemy: | i nk quality. 10. The systemof claim?9
wherein the procCessor is further configured to transmt to the first access

node an estabé@%ﬁ&ér&?mg@reh%aef%mw&&marw&wp&%rn{ﬁeﬁ@mmfnnecti on

request nessag erein the establishnent cause is configured to inform

t he net t < ﬂﬁiﬁ oy H&weel rppse of
per form B&SQQ%%&‘ F’;l%%l 'rrl‘d%gtr@ggrbggl S rgl't‘lleg%é'ﬁ a tre Q%k'%%’ r{gpgﬁgp ate.
11. The system %f claiml1l wherein the system conprises a UE, and wherein:
prior to? SN ovi ng to CONNECTED node, the processor is configured to
take the backhaul link quality into consideration when perform ng cell
resel ection. 12. The systemof claim 11l wherein, when the UE is noving to
CONNECTED node for the purpose of perform ng one of a tracking area

regi stra®i on &he gystemaficiaimal whergistthednobilify PprcsdressisoneSfconf i gured to
avoid reselecting to a second cell due to the backhaul Iink quality.

a cell selection procedure;

a reselection procedure; and

a handover procedure.

3. The system of claim 1 wherein the processor is further configured to receive the

backhaul link quality between the relay node and the access node.

4. The system of claim 1 wherein the backhaul link quality is a first backhaul link
quality between a first relay node and a first access node, and wherein the processor is
further configured to:

receive a second backhaul link quality between a second relay node and a
second access node;

calculate a first composite signal quality that at least includes the first backhaul

link quality;
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13. The system of claim 12 wherein a non-access stratum (NAS) of the UE

I ndicates to a radio resource control (RRC) of the UE that an RRC
connection request is for the purpose of perform ng one of a tracking area
registration or a tracking area update. 14. The systemof claim 1l wherein
t he system conprises a UE and wherein, when the UE is in CONNECTED node,
the processor is further configured to: receive a network-directed

request to transmt a neasurenent report rat ed h . and

recei ve a net GRfWatg3 $rq0Bd crRpRSs S a{;@-’%&&g@ﬁ@tg@?&‘lﬁyésg@éﬁ@r@a| t hat
has a better conposite signal quality with respect to the first cell. 15.
A net\/\orbadthapbﬁf&ﬂqa"b'é)ﬁﬂgi si ng: a processor configured to provide
information related to backhaul link quality to a UE for use by the UE in a
mobi | i ty pr ocdeterraine WhichTeell toysedan the nookilitynpicsedurer kasediamndthedirst| i t y
procedure is one of: a cell selection procedure; a reselection procedure;
and composite signal quality and the second composite signal quality.

5. The system of claim 4 wherein the mobility procedure comprises determining the

cell for which a best composite signal quality is calculated.

6. The system of claim 1 wherein the system comprises a UE and wherein when
the UE is in IDLE mode, the processor is configured to take into consideration the

backhaul link quality during a cell reselection or selection procedure.

7. The system of claim 1 wherein the system comprises a UE, and wherein when
the UE is in CONNECTED mode, the processor is configured to take into consideration

the backhaul link quality in a handover procedure.

8. The system of claim 1 wherein the system comprises a network component , and
wherein after the UE enters CONNECTED mode, the processor is configured to take
the backhaul link quality into consideration for the network-directed handover

procedure.

9. The system of claim 8 wherein, when the UE is moving to CONNECTED mode

for the purpose of performing one of a tracking area registration or a tracking area
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a handover procedure. 17. The network conponent of claim 15 wherein the
processor is further configured to provide information related to a
conposite link quality to a UE for use by the UE in the nobility procedure.
18. The network conponent of claim 15 wherein the network conmponent
conprises at |least one of a relay node and an access node. 19. The

net wor k conponent of claim 15 wherein the processor is further configured

to receive fromthe UE an establishnent cause iﬂ a radi o resourc trol
(RRC) covpdate; tha netwrrk & configgragddo avoig pgﬁ?%@!’}% ARFAVERBIOCE ”@;}mét rdeessor,
t he nmet hod conpri si ng: determ ni ng whether or not to performa

mobi | i t ybaseastenibackhaubinkglualifet er mi ning is based at least in part on a
backhaul link quality between a relay node and an access node. 21. The

met hod of claim 20 wherein the backhaul link quality is a first backhaul
link quality between a first relay node and a first access node, and

wherei n 1fe MEhdSpbtémIdf BRim Qouisrelthe processords Gurthengonafigieed tutrdramiibioul | i nk

quality between a second relay node and a second access node;
the first access node an establishment cause in a radio resource control (RRC)
connection request message, wherein the establishment cause is configured to inform
the network component that the RRC connection request is for the purpose of

performing one of a tracking area registration or a tracking area update.

11.  The system of claim 1 wherein the system comprises a UE, and wherein:
prior to the UE moving to CONNECTED mode, the processor is configured to

take the backhaul link quality into consideration when performing cell reselection.

12.  The system of claim 11 wherein, when the UE is moving to CONNECTED mode
for the purpose of performing one of a tracking area registration or a tracking area
update, the processor is configured to avoid reselecting to a second cell due to the

backhaul link quality.
13.  The system of claim 12 wherein a non-access stratum (NAS) of the UE indicates

to a radio resource control (RRC) of the UE that an RRC connection request is for the

purpose of performing one of a tracking area registration or a tracking area update.
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calculating a first conposite signal quality that at |east includes the
first backhaul link quality, cal cul ating a second conposite signal
quality that at |east includes the second backhaul link quality; and
determ ning which cell to use for the nobility procedure based on the first
conposite signal quality and the second conposite signal quality. 22. The
nmet hod of claim 20 wherein the nobility procedure is one of: a cel

sel ection, progedure; esel ecti o rocedure; and andover .procedure.
35, “The Rt ot pvetemchobim dntiepl 1R sVsiam Sorpr e aG and Wieh ¢68"
determ ni ngbt he cell for which a best conposite signal quality is
cal cul at the UE isin GANNERETER mede cihgiprpcassanisfuithengeafgwred t@E is in one of
| DLE node and CONNECTED node, the nmethod includes taking into consideration
t he backhaul tecaiveqnatvork-diectatrequestio tiangmiiragueasuremenbreportigenesatecem of
cl aim 20 wherein the nethod further conprises:

by the UE; and

receive a network-directed request to be handed-over to a second cell that has a

better composite signal quality with respect to the first cell.

15. A network component, comprising:
a processor configured to provide information related to backhaul link quality to a

UE for use by the UE in a mobility procedure.

16.  The system of claim 15 wherein the mobility procedure is one of:
a cell selection procedure;
a reselection procedure; and

a handover procedure.

17. The network component of claim 15 wherein the processor is further configured
to provide information related to a composite link quality to a UE for use by the UE in the

mobility procedure.

18.  The network component of claim 15 wherein the network component comprises

at least one of a relay node and an access node.
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prior to the UE noving to CONNECTED node, taking the backhaul |link quality
I nto consideration when performng cell reselection.

19.  The network component of claim 15 wherein the processor is further configured
to receive from the UE an establishment cause in a radio resource control (RRC)

connection request message.

20. A method implemented by a processor, the method comprising:
determining whether or not to perform a mobility procedure, wherein determining
is based at least in part on a backhaul link quality between a relay node and an access

node.

21.  The method of claim 20 wherein the backhaul link quality is a first backhaul link
quality between a first relay node and a first access node, and wherein the method
further comprises:

receiving a second backhaul link quality between a second relay node and a
second accéss node;

calculating a first composite signal quality that at least includes the first backhaul
link quality;

calculating a second composite signal quality that at least includes the second
backhaul link quality; and

determining which cell to use for the mobility procedure based on the first

composite signal quality and the second composite signal quality.

22. The method of claim 20 wherein the mobility procedure is one of:

a cell selection procedure;
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a reselection procedure; and

a handover procedure.

23. The method of claim 20 wherein the mobility procedure comprises determining

the cell for which a best composite signal quality is calculated.

24. The method of claim 20 wherein when the UE is in one of IDLE mode and
CONNECTED mode, the method includes taking into consideration the backhaul link

quality during a mobility procedure.

25. The system of claim 20 wherein the method further comprises:

prior to the UE moving to CONNECTED mode, taking the backhaul link quality

into consideration when performing cell reselection.
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