DETERM NI NG LI NK QUALI TY FOR NETWORKS HAVI NG RELAYS BACKGROUND [ 0001] As
used herein, the terns "device," "user equipnent,” and "UE" mght in sone
cases refer to nobil e devices such as nobile tel ephones, personal digital
assi stants, handheld or |aptop conputers, Bl ackberry(r) devices, and
simlar devices that have tel econmunications capabilities. Such a UE m ght
consist of a UE and its associ ated renovabl e nenory nodul e, such as but not
limted to a Universal Integrated Crcuit Card (U CC that includes a
Subscri ber DIETEERMININGULIN KSDMARFLY iFQR NETW HAVING RELBYS

| dentity Module (USIM application, or a Renovable User Identity Mdule
(RUM application. Alternatively, such a UE m ght consist of the device
itself without such a nodule. In dhekeraSgRD the term "UE" might refer to
devices that have simlar capabilities but that are not transportable, such

deskt -t e : in , " e
can ar so e LT PRy R B ORHS TRy B REN AL B e,

conmuni c Jfar . . " v " "user
caut prer oS Te 5 iy Sgulet 36 adihuee Ral et paitp E Rz g5 mous v
herein. [0002]As te] ecommuni catjo t echnol ogy has evol ved e advanced
et wor k BERE SefaPloRae So Bk ber Y B darEas anst Sy BBt e cos t ha
were not possible previously. This network access equipnent_ m ght include
syst ens & Omv@@%tlomaapab%tl%p%%ﬁéﬁ gt cPRSisERfia U%aéwt't%%ﬁﬁ%wm in a
traditional wreless tel ecomunications system Such advanced or next

gener at | eMa@higmentorympdule, sheh agddut het liswitadtorgUniversak kkegratad Gireslt i ons
standards, such as Long-Term Evolution (LTE) and LTE- Advanced (LTE-A).
For exan@ael (LHEC) Tiat includds-arSapsdriber dartity edale (EIM) applicetidn,er Yaiversal
Terrestrial Radi o Access Network (E-UTRAN) and include an E- UTRAN node B
(or eNB)Sulssctibeeldentitydodis (W8IM) apglicatiors,iorid Removatpe et |dertibelotiiafRa
traditional base station. As used herein, the term"access node" refers to

any conpgmgydpplicatidte AtdrBhaty, BaEMQrHE nﬁE feadtsistof thrdidvictBelfidgRuss@H on,
a wrel ess ‘access point, or an LTE or LIE-A node B or eNB, that creates a

ge0gr aphy kL O dMfer GEER!HHETeARE! AMLAITLSBE RUSAUR PRV Gitiige @ UE or a
rel ay node to access ot her corrponents | a telecommuni cati ons syst em In

thi s docutpRlct B h&f e A RSp0RAT:, A9 LHGRR, AEHbGETs BIdipdiesty

i nt er changea I S under st oo t~ an access e onprise a

plurality. of hardware d sof tywar.e. BRI EF SCRI PTI oF T DRAW NGS
Po003] Fatetor e ERhSs. offle BRLAE Siam 0 It LV LR BELRSOTMEFE, ence | s
now nade to the follow ng brief description, taken in connection with the
AcConparGAMRPEN, 3% Ga 35THARIE A SQMMUBISAIPR SERFION Tt Ueet. IR heteemSnce
nuneral s represent |ike parts. [0004) Figure 1 is a diagramaof a
‘eMsetfever” avd User aede|maight e used

comuni cHEPRgeN st ldfy’ “derGiiRgenty
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-



[ 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
met hod for calculating a cell ranking criteria, according to an enbodi nent
of the disclosure. [0007]Figure 4 illustrates an exanple of a systemt hat

i ncl udes a processing conmponent suitable for inplenenting one or nore
enbodi nents di scl osed herein. DETAILED DESCRI PTI ON [ 0008] It shoul d be
understood at the outset that although illustrative inplenentations al one
or nore AizededeTE-A)f Fohexgmpleean LTEswILdE:Aesysieen mightibeéeth bedleed t he

di scl osed systens and/or nethods may be inpl enented using any nunber of

t echni qu@siverdBET &PsstiGal RIS A¥cddiauswerk {FLUTRAN edretincllide ati B-LITEGAN eoddioul d

inno way be limted to the illustrative inplenentations, draw ngs, and
techni quegs AN bhAfRhLRIRYSE phiRE i S RhilhNCoriYeHE Rithed®ia h Gntraditishal base
i mpl ement ations” Il ustrated ahd described herein, but nmay be nodified

W thin the.sco : d j b bidhideidonkeHt bf (e ARl
equi val e%%%O%[%gﬂg%dAé&(é'srggp f%?@uagéﬁs%d% gé[;fgrcsl id(?:l\ t(%agﬁrﬁoncr\aél)ns, and >

Fi gures, the follow ng terns have the follagwn £kt I sk at ed
ot hor v setnar, Spel A B3rdRiolE) B wp0G Y ERE Ao Rl i L EEPETERA
the Third CGeneration Partnership Prg ram (;?PP tt.echni (;[al ﬁﬁeCi fications.

[ 0010 /1945 5 or GUIE, The crerios:a BRBAFABHGRLAE 0! NPt Sy ATy QbR

si gnal . .
? 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 @ method for calculating a cell ranking
criteria, according to an embodiment of the disclosure.
[0007] Figure 4 illustrates an example of a system that includes a processing
component suitable for implementing one or more embodiments disclosed herein.
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[0011]"BCCH' is defined as "Broadcast Control Channel." [0012]"CQ" is
defined as "Channel Quality Indicator."” [0013]"EPC' is defined as "Enhanced
Packet Core." [0014]"E-UTRA" is defined as "Evol ved Universal Terrestrial
Radi o Access." [0015] E-UTRAN' is defined as "Evol ved Universal Terrestrial
Radi o Access Network." [0016] "HARQ' is defined as "Hybrid Automatic Repeat
Request. " [0017]"IE" is defined as "Information Elenent”. [OO18]"LIE" is
defined as "Long Term Evol uDETAILEMMDEBCRIPECN t 0o a set of w rel ess

comuni cation protocols, systens, and/or software. [0019]"LIE-A" is defined

as " Lgpaogfer n QI beQmdeAtycnaEte outddt efht lathetigh fllostrativetimpfenvértatiess
conmmuni cati on protocols, systens, and/or software newer than LIE.
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] “BCCH’ is defined as “Broadcast Control Channel.”
[0012] “CQI"is defined as “Channel Quality Indicator.”
[0013] “EPC’is defined as “Enhanced Packet Core.”
[0014] “E-UTRA’is defined as “Evolved Universal Terrestrial Radio Access.”
[0015] “E-UTRAN’is defined as “Evolved Universal Terrestrial Radio Access
Network.”

[0016] “HARQ" is defined as “Hybrid Automatic Repeat Request.”

[0017] “IE”is defined as “Information Element”.



[0020] "MCS" is defined as "Mdul ati on and Codi ng Schene." [0021]"MVE" is
defined as "Mbility Managenent Entity." [0022]"NAS" is defined as "Non
Access Stratum " [0023]"PLMN' is defined as "Public Land Mbile Network."
[ 0024] "PRACH' is defined as "Physical Random Access Channel." [0025] " RAN"
I's defined as "Radi o Access Network." [0026]"RAT" is defined as "Radio
Access Technol ogy." [0027]"RF" is defined as "Radi o Frequency." [0028]"RN"
is defined as "Relay Node." [0029]"RRC' is defined as "Radi o Resource
Cont r ol .[00f18D 30 TRSRPUefirreddad 1Lnad Tasm' RedlaticeryoehiSh gefats e sdtvaf oviretassr . "
[0031] "RSRQ' is defined as "Reference Signal Received Quality." [0032]"SIB"
i s defi negm@snicalicn protdddis shEtehdn aBd/ e koftware.

[0019] “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.

[0020] “MCS’ is defined as “Modulation and Coding Scheme.”

[0021] “MME” is defined as “Mobility Management Entity.”

[0022] “NAS"is defined as “Non Access Stratum.”

[0023] “PLMN”is defined as “Public Land Mobile Network.”

[0024] “PRACH’ is defined as “Physical Random Access Channel.”

[0025] “RAN’is defined as “Radio Access Network.”

[0026] “RAT”is defined as “Radio Access Technology.”

[0027] “RF”is defined as “Radio Frequency.”

[0028] “RN”is defined as “Relay Node.”

[0029] “RRC’is defined as “Radio Resource Control.”

[0030] “RSRP”is defined as “Reference Signal Received Power.”

[0031] “RSRQ"is defined as “Reference Signal Received Quality.”

[0032] “SIB” is defined as “System Information Block.”

[0033] “SGW’"is defined as “Serving Gateway.”

[0034] “SNR’is defined as “Signal to Noise Ratio.”

[0035] “SR’is defined as “Scheduling Request.”

[0036] “TAU” is defined as “Tracking Area Update.”

[0037] “Un’is defined as the interface between the RN and the donor eNB.

[0038] “Uu’is defined as the interface between a UE and an RN.
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[0033] "Sow' is defined as "Serving Gateway." [0034]1'SNR' is defined as
"Signal to Noise Ratio." [0035]"SR" is defined as "Scheduling Request."

[ 0036] "TAU' is defined as "Tracking Area Update." [0037]"Un" is defined as
the interface between the RN and the donor eNB. [0038]"Uu" is defined as
the interface between a UE and an RN. [0039] The enbodi nents descri bed
herein relate to techniques for inproving UE nobility procedures in at

| east a Type 1 relay network. Specifically, the enbodi nents provide for

taking i [{OUQQRKECW@tenWPﬁéht%Q!es@m&d Ieeremcrekitg tatechniques & imatavirg WEL h
respect to and correspondi ng access nodes when performng a nobility

procedur ilr@ba ' % Tyl He8ag Rbiwork! 8pbtifitallycthlelemissuineatsi on,
and/ or h@ﬁgo errb%%%ugé%ﬁf@ﬂ@%%r ang. [%%40] In netpworksyvvithout RNs,

nor mal |y, APk (BNl BaGAARSAB, bik-REbARLIGRARE RpiOElos AAVBLSaR] ons

reach the remarning“w red porti e networkK, which mght be an EPC. In

the follow descriptiopn, we use th p : . , ot her
types. of CUHLS af ConeRhRte s sS BebPE Dol SR Ry oRUENTE:
connection is typicall he wireless |ink betwen t t S
node, suMRbiity @ﬁc%ﬂﬁ?smd@o‘?ﬁ%ﬁ? ﬂ”b(é‘{h\/@ﬁﬁeP @’5@5@§ggﬂg§gﬂ§2§c%§%PC i s
usual ly hard wired and has good transm ssion characteristics, e.g much

| ower biforeldor rate and consistent channel conditions.

[0040]  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 consistent channel
conditions.

[0041] 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.

[0042] 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
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[ 0041] However, in networks with RNs, nmultiple wireless |inks mght be
established in a chain of |inks between the UE and the core network, such
as the EPC. For exanple, a UE mght wirelessly connect to a RN, which then
wirel essly connects to an access node, which then connects to the EPC
Addi ti onal RNs or access nodes mght also be present in this chain, and the
connection to the EPC m ght even be wreless. [0042] Any tine a wrel ess
link is established, signal quality m ght becone an issue due to various

wi 1 el essqfhasuiRiptiagaaes reducig Ssactrabiefficiency, lve evah capsing trah$rmissicanf date
shadow ng effect, that should be taken into consideration when the UE noves
around. @y signal quality can hinder performance at the UE, in terns of
slowing the reception of data, corrupting data, reducing spectral

R . rru . .
erfici egﬁyﬁﬁguf}gﬁﬁ%@@wm% (% haPh&Ve Qrfllg%ﬁbav&e@egsaddnne&w&tﬁ/één the

net wor k y one wreless connection between the UE

my o< F @ pHBS EL 60 adegfon ALRrERGRSS oo e B IR OB Ravod” ana

then sel ect the access node wt he pest signal quality I e
access nbassyedee qBﬁ“t%r?g%?ﬁ ﬁePgé&ﬁ% ed‘q?éé\gac%%%tr}?geé’i %og{heﬁﬁsaefeﬁ:% §/ﬁeh
Therefore, cell selection or resel ection ma)( be based og)thféa link quality
bet ween agsessRogde withithe SRt sigral auplityson $e19GHLRS ABCRSS NAFEDLASEL ORI IS ﬂ@Vral so
be used for the handover procedure when the UE is in CONNECTED node.

[ 0044] Fooriteria basddsomitiensigingl quatity. dherafprte, pelb seleetarearresalgrlin Meyde t he

sel ection of an access node or a RN for communi cation can be nore conpl ex.
The r easisaselan thedinkiquality betnpdrettiet YE iand bbe etiBewbeRNEps dv IRlingodee Thésst
directly measurabl e signal quality anong access nodes and RNs m ght not

provi de febpniges mavasabk uskdner the hahdoveriprodeziuns whienrtbe Ukgisdat a back and
forth between the UE and the EPC. The overall signal quality may be

af f ect edcBNEETEOIRGde. dual ity between an RN and an access node. The
overall signal quality nmay also be referred to as the conposite signal

quality-[l?hggffﬂ FEEﬁe%d?éésRRh aﬁ::f/!%'}'nﬂﬂ 18 WIS nRBSRFRthelétivarared to

as a backl l'ink.The signal quality of the backhaul link affects t he
ol anal - b efbRsh RRER T Fiodia e baTnbreoriby T RER oI a1y
Dot e S Sy S pe e AN Al SRR AR SRRy
AN 2 acabhearTong aerss e, RS TRBncarhiiseyite Y pra DAt S Blelal e
cual |1y BT aMNG Lats dack en ot st e e EPE! T Bal SgRa"™
qual i ty tesnaeemaving data sk engTartly bawaegiheE ar

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.

[0045] 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

signal quality between the UE and eNB 1 is likely to be low. However, even if the signal

quality between the UE and RN 2 is mediocre, if the signal quality between RN 2 and

6



[ 0046] The effect of the backhaul |ink signal quality on the conposite
signal quality is not necessarily straightforward. For exanple, the
conposite signal quality is not necessarily the |esser of the access |ink

signal quality and the backhaul |ink signal quality. Techni ques for
determ ning the conposite signal quality are given below. [0047]As a result
of the possible existence of reduced backhaul |ink signal quality, a UE

t hat chooses (selects, reselects, or hands-over) a RN only based on the

accesNd j At 58 sighaaralitysetibeh eadUBGrideNBd best
corrpossﬁthBéqﬁ?g%’g{wggépﬁtnﬁ%gtgﬁm%gn t?\lg Ugﬁ?nlg}qféhe EPC. The best overall |ink

m ght L i ; { isd ggal

qual i t(@ﬁo%@?%ﬁ)&ﬂa?ég%&@%g@gqg& 8@?{%60 O%it%lgigﬁﬁaﬁgﬁiet%gt&!&r conposite
si gnal | Lty. Th di ments descri bed herein provide for techniques for
al | ovviq{gﬂg}ﬂ% 16&"?@%%‘5@@(& the RN associated with the best conposite signal
qual it t hereby i npravin ta throughput,. trapnsm ssion i < and
spect r[ép“@]f fi&he ﬁgggt ‘{fé'@ﬁlg?g&@m @%S‘Q@aqaual'wf‘g‘ﬁ?8P"}P°88%§@ﬁ?fci‘¥"}“8ﬁ esyst em
according to an enbodi ment of the disclosure. Communi cat i.?n sl,‘é§tem 100

r epr eswtnecessasicsiraighifaivard Ferrexemea the spepesite pigaplaudiy IS 'Yt gevi ce t hat
facilitates conmmunication with an eNB. RNs, generally, can be divided into
t hr ee mpcesgarily theyjlessar dRils aceaperink siae| quality Aag dhe BagRaul nksignd 1 RN may
be a repeater that merely retransmts a received signal wthout any

nodi f i atityo T ezhhizjues iardetemhininigthe compasite pigssi qudlitysaregliverdegiay. A | ayer 2
RN can denodul ate/ decode a transmission that it receives, re-encode/

modul qoe4te ASBUekuRbf thgodebRsibxistened df totened baokiE linkisignaldpiadityed dat a.
A layer 3 RN may have full radio resource control capabilities and can thus

functigg tﬁét@hb@ééé’%sreféc?sﬁ 85688, A1affds BVery ARNDoiIP HAsEE 8N BENAca@ss ikt ocol s
used by a RN nay be the sane as those used by an access node, and the RN

may h i | i % Qi i dukele. A "layer
o e TG R E R priepSE e RIIEBAGy e BE eSS SRBRI R, BN 1 & hot
a Typ RN, ..in fact,.a e i >t onall Wyl r 3 RN
Typer PRSI 2T BRERE" shadksl kDl SR £ Bkl A IbRtel 2ot
this disclosure, a RN is distingujsh froman e 0 J . ode hy
the- f 48N WIRER [ aRcr BERTACROR G Ve SPoAER oBpn S L& SRamEuRss FaTng
access node (and the cell associated with that access node). and possibly
ot her RRatterconmasis S&W@éﬂ“@'ﬁﬁp@ﬁ@ﬁﬂbbq\gﬁnﬁ“ﬁséfeéea?ﬁfﬁﬁ?r@éﬂ prg&gﬂ%rs} Stem such
as a MVE/ SGN Additionally, for the purposes of this di gcl osure, .the term
"eNB" teshmigues foratlewingdhe hiF toaghoose de BN awpsiated Wilithe Pesf GomPAsiPer to any
type of access node suitable for communicating with an MVE/ SGNor a
conponsignal guality, thehebycietprpdog datacibraughpab Srensmisgiorauaily.ansrspestalat i on of a
RN, UE 102 communi cates with MVE/ SGW

efficiency.

[0048] Figure 1 is a diagram of a communication system, according to an

embodiment of the disclosure. Communication system 100 represents an architecture

of an LTE-A system.

[0049] A RN is a device that facilitates communication with an eNB. RNs, generally,
can be divided into three groups: layer 1 RNs, layer 2 RNs, and layer 3 RNs. A layer 1
RN may be a repeater that merely retransmits a received signal without any modification
other than amplification and possibly slight delay. A layer 2 RN can demodulate/ decode
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104 via RN 106 and eNB 108. In particular, UE 102 conmmuni cates with RN 106,
which in turn comrunicates with eNB 108, which in turn conmunicates with
MVE/ SGWV 104 via an interface, such as the S1 interface identified by the
phantom |ine. However, a UE, such as UE 110, could communicate directly
with an eNB, such as eNB 108. [0052]1n another enbodi nent, a UE, such as UE
112, could communicate with a RN, such as RN 114, that itself comrunicates
with two or nore different eNBs, such as eNB 108 and eNB 116. The eNB 116
may be iatransmissiobdhatdhreseivls arederidodembdulbtdEh8E@éulsofcthe alecdiiiby SBW theB, vi a
an interface, such as the Si interface identified by the phantomline. If

the RN Ilfdndnsit Hensdiis@didateNR (3427.3 RNeRay haverll IradieresauresicotreNB 108 nay
be said to be the donor cell. In an enbodi nent, eNB 108 and eNB 116 may

COMMUNG C4fs bl aREHn M, REPloRan MedssRAX? THAEbIESoUdeNt i fi ed
by the I(l'aéhd(;a co'nngcéli %B?@ B rl‘%‘ii&gsr{ﬁfﬂ% 11n6. 8053] The abov‘e exanpl es

descri be ﬁN% Vi Ll n ; aaﬁp?

communi ca é \f\,P ﬁé%sﬂé&gjr&f éﬁhﬁ’ﬂ%@e @%gﬁ@ﬁﬁ‘%@%%#ﬁo (%ggls gg%?’i%qded
conponent s are ssible,. and e, fewer different, or addit,.onal .
conponenne b ddayees dhiale FaBRIsptn@IERly Gies Sl arests REEN AR BN sce
LTE- Advanced has used to further evolve the LTE RA [ n LTE-Adv 2d

(LTE- A) , ISdistiaguisBeh RBMugy! ¥re Xidehd 67 priireige lver 4gaNdenet 4 Y%gﬁﬁ\ﬁﬂnand
enhance cell cover age, Further, the inclusion of RNs in the LTE-A systemis
al so i ntfeaed yiper! RNds funqiiesally similaf i aiayat 3 R\ext wirdl Mgl #re dascabeshint er y
life, of increasing UE throughput, and of extending cell coverage.

[ 0055] Ogreafer detailibebaves presented by the inclusion of RNs is that
calculating the overall signal quality between the UE and the MVE/ SGWi s
conpl i cq0080py Fbethermsposeofthisndisctodunana RiNeis distimgaisbat! from am eKB dfather
exanpl e, while the connection between the MME and the eNB is often a wired

l'ink of figeds AUaé bl Yhe fdeetHat 8RN réatdstthe pradlenbeon at least drikeNBloneéiert he UE
and the RN and the |link between the RN and the eNB nmay be consi dered when

det er m rddagsyhbg Wé%aﬂ%@@o&%te@%iﬁ\ thgt ;a‘&%'ék%oaa SH@boéQbi?%ﬁ@%Néfb or

canp on during a ity procedure. iIl1ty procedures include cel

sel ect | %eﬁgbirﬁtﬁﬁg\?‘éfgé&t@n a*l@llﬁg&iﬁ euné%gﬁ?%(gstgﬁﬂgﬁa% Ly gé@f%/ﬁ@w.' ity

procedure t orm nts descri herein, the

the 1 niaRnalf, PhuRrrites s By Rp ity P s raEHAREEREA AR, T

However,, other n S, be used, Additjonal.l for re | ex
communi c8YPNEE neJe Barkl a5 TRRIETeh i AMAlYPEIAT Akces PR WiebId oL 4di ¢ i onal RNs
are between the UE-accessed RN and the eNB. Still further, nmultiple

backhaul COMMKRICaNg With shdAMEAPBY exa spmpengry of angnhancsd PARKRIROR's are al so

possi bl e, all of which .
[0051] In an example of operation of a RN, UE 102 communicates with MME/SGW

104 via RN 106 and eNB 108. In particular, UE 102 communicates with RN 106, which
in turn communicates with eNB 108, which in turn communicates with MME/SGW 104
via an interface, such as the S1 interface identified by the phantom line. However, a UE,
such as UE 110, could communicate directly with an eNB, such as eNB 108.

[0052] In another embodiment, a UE, such as UE 112, could communicate with a
RN, such as RN 114, that itself communicates with two or more different eNBs, such as
eNB 108 and eNB 116. The eNB 116 may be in communication with a different
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are within the spirit and scope of the present disclosure. [0056]In an
exanpl e of determ ning which eNB or RN a UE should connect to, UE 112 is
connected to RN 114; however, the UE 112 could connect to or canp on either
eNB 108 or eNB 116 via RN 114. To determ ne which connection presents the
optimum overal |l signal quality, an exam nation nay be nade of the signa
quality between RN 114 and eNB 108 versus the signal quality between RN 114
and eNB 116. [0057]In anot her exanple of determ ning which eNB or RN a UE

shoul d caMESBW osucHRsIMMETBBVAY S, Vinandfteifaes suthasfthe St intedaceidestifie
directly connect to the eNB 108 and the second choice is to connect to the

RN 106 andiHchsianth E08 RINORN $14 R édhﬂle&b'& td 8RB T8, tedretha def gaRbedted by

connection presents the optimum overall signal quality or spectrum

of 1 C1 il 188 FXPHL BAkI18DeTRY dBRoIBLE IRShERELAIMERE NEP108 hhEBRB 116

connecti ons. I'ments descr erein relate to net hods and/ or

devices for makin nd/. or ocessing these i I ;
par 1 cul BAY SRR AR Oat A o ) PGt YENRAR MR e S 58 o gy
122 may be Type 1 RNs. One of the enbodi nents described herein relates to
handl i ngc%r@E"F‘lﬁl‘f_}Bnﬂ?ea%ﬁﬁBim ‘procedure in a Type 1 relay network while
consi deri ng t he backhaul link quality between a donor eNB ar]%ﬂt_ e Tvpe 1
RN.  Anot [9853bne The abhe exemalascinssrior siBsiseavisiag only ong e e SHM Chg a
UE CONNECTED node nobility procedure, such as a handover procedure in a
Type 1 redchyeNRmay commubinicatewits imtee on fewardRMaic Rtkar arrangemeants efthepet ween a
donor eNB and the Type 1 RN. Yet another one of the enbodi nents descri bed
her ei n rigbatifesi dopngaremts &g possblé, raaighoien teverodiffefir, oratiditionat ¢emBOMEECTED
node in a Type 1 relay network while considering the backhaul link quality
bet ween @ad®aqresddd and the Type 1 RN. In sone other enbodinents, these RNs
m ght be Type 2 or any of Layer 1, 2, or 3 relays, and the techni ques of
the pr 651‘693411' S RINSMHe S SEmBISHARBERIRS tHbt BTPR ATE-AdRIREYH Faguked o i s a
di agramof a comruni cation system according to an enbodi nent of the
di scl os L cat4 S ' {&d ' j on
%ftg?rcé’v'g&%{h%q_fé’ RAN St A0vaRde Tgf &L?Bhyfté&ﬁ\oﬁg?'ly 05&did

systemre I ve conmmuni cat 1 on system 10 igure 1 and used to nore
readily illustrate the, present t j , : heft es
woh R otV afe GRL FLESGPy R sfilRoes Dol b dag g, heaRTBL o
comuni cat es Wt B 206, .as, desi gnat ed, by the pha i I "Un."
The. o BbB T B CaR oS RIS IRe: AR BIEToERe sURerly ExePifiatfe by
server conputer, EPC 208 nmay be _one or nore hgr)gvvar_e angl or software
componen¥E sdratigey lifekplinpreasingddmtrerg Ryt oAnd 95 eERRAING G8L CYSIa8Pnked via a
network, that may be used to facilitate comruni cation between UE 202 and
sone ot HGO5BE ( Gt afttbedssues poswinted bnthernpelysien s RN is thatsaluiRingdhe | i er
LTE rel eases, such as LTE Rel ease ' .

overall signal quality between the UE and the MME/SGW is complicated by the

presence of more than one communication link. For example, while the connection

between the MME and the eNB is often a wired link of good quality, the signal qualities

of both the link between the UE and the RN and the link between the RN and the eNB

may be considered when determining which access node or RN a UE should attempt to

connect to or camp on during a mobility procedure. Mobility procedures include cell

selection, cell reselection, handover, or more generally, any mobility procedure that UE

may perform. In the embodiments described herein, the link between the UE and the
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8 or LIE Release 9, providing support for relaying as a tool to inprove a
variety of aspects of wreless communication, including but not limted to
coverage of high data rates, group nobility, tenporary network devel opnent,
cel | -edge throughput and/or provision of coverage in new areas. In an
enbodi ment, 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 Wu

interface. [0061] The Un connection may be one of t nor.e _t e
type of RepnegRaetdres toms the attessiinkdand th@r!m&ﬁetwe??f%ﬁ%g‘“ @Bﬂﬁ%%%{'ig%ﬁ?aﬁe
eNB to RN link may share the same frequency band with direct eNB ho UE

i nks Wikhifsriddgo G8nobackbli linkntdveaver yqtberafanps teiRectsash ARGKSRIY. IR of

band." For an "out of band" connection, the eNB to RN |link may not operate

in the équé;g aRdtiass Sistens, mbBplechddenbilrings waynhexistiftrddiiongt cel | .
[ 0062] Trs@g%ég spe{;:lﬁ{?@ati ons g%ch as the TR 36.814 provide that at |east

Type 1 RS SfSodiibbn gnse gE‘.%&eEE&Y‘RWz%d e BN StiRNriney, rheltiple backbald RN

havi ng €scribed 1n the follow ng paragraph, although this

pand badkRaGPUROREIN KR REREE OB A SRR, fre 4150 PR el S iy

ined“such that it has its own physical
cell identification and either artial .. | ete RRC protocol stack. A
Type | Hﬂedﬁﬁmlfﬁthﬁépﬁ'tﬁﬁgécogeﬁNﬁ‘eFQf@%%'Tq,&i'%d’é?ﬁ%?%gntroI led by a Type 1 RN may

appear to a UE as a separate cell distinct fro t EpghE cel |
may havg0D56] own ghexarele of sleterymiing V‘ftlﬁ'cé‘a?'\l“%ﬁ,r %gﬁnéejg T Eﬁ}l]ztl‘elgel ease 8,
and the RN may transmt its own synchroni zation, signal [ nbol s,
and ot her14 isfoonnmedted o RNh1 t4idowenensthe biE %1%@‘?@ 888?9%;55%?5 {,@éf&ﬂﬁtgé& may
recei ve scheduling informati on and HARQ feedback directly fr t . and
plassnid b Rifin,

send it sglgBM08@eNE 1thaiarRN g 1¢s Jordeternsre Whigh CHChek
Type 1 RN may appear as a Rel ease 8 eNB to Rel ease 8 UEs,_thereb¥1 1
establ i S&ié?gll bigrkvautlsy, aamxakimationtryay BemaderfAhesignahausiiy bgtwes rﬁﬁw Aﬁpear
differently than a Rel'ease 8 eNB in order to aIIowfﬁr further performance
enhance g%%ﬁl d fHeksi UM idebwaerPRbCELaRS eNBOBEY As descri bed
above, F%gﬁ %ﬁgo{| men%us descéﬁbggd thei n provide for techniques for

i mprovin mobi | j [ 8Sictdinimd Rich &8 oFIRN artdio dhowdconies) tal so
be appli&?lgﬁ) ol%é’r‘é%%é’g&g@%@éﬁ}hodg% f(l)r t he sake of exanple only, the

br 0ceur il T Rmeeral RS siBRby.L TheRfRrRekEes A Rdlgeonhbelo thd tiBAOPect to

Type 1 ures 1n node may i nclude two steps: cell

sel ect] Oghd ?hnedsé:c%lnld choice is to connect to the RN 106 and then RN 106 connects to the

eNB 108. To determine which connection presents the optimum overall signal quality or
spectrum efficiency, an examination may be made between these two different
connections. The embodiments described herein relate to methods and/or devices for
making and/or processing these measurements.

[0058] In a particular non-limiting embodiment, any of RN 106, RN 114, RN 120, or
RN 122 may be Type 1 RNs. One of the embodiments described herein relates to
handling a UE IDLE mode mobility procedure in a Type 1 relay network while
considering the backhaul link quality between a donor eNB and the Type 1 RN. Another
TED mode

one of the embodiments described herein relates to handling a UE CONNEC

10



resel ection. Wien a UE is powered on, the UE may select a suitable cell
based on I DLE node neasurenents and cell selection criteria. The term
"suitable cell" as used herein is a cell on which the UE may canp to obtain
normal service. A cell may be considered "suitable” if the cell fulfills
the cell selection criteria "5", which is defined by the equation: Srxlev >
0 Were Srxlev = Qxlevneas - (Qxlevmn + Qxlevm noffset) -
Pconpensati on These terns are defined as: Sndev Cell Selection RX |evel

val ue (dRdbipresemres, sMenssredamitiver Pocedurel inwdl ype | RERPRStWQriK VEVIRi n
Mnimumrequired RX | evel in the cell (dBm

- 1 X1 evm dykRikRRg kY Backh@AMIHK dudlitytietvesh @dotbf eRB dral thed ypiegindNL etet0

evaluation as a result of a periodic search for a higher priority PLM

whi l e camacth e Brlthy ehBoRinYdrtMNe St HEraafeReds 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.
[0059] Figure 2 is a diagram of a communication system, according to an
embodiment of the disclosure. Communication system 200 may be a simplified
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
EPC 208. Although EPC 208 is represented by a server computer, EPC 208 may be
one or more hardware and/or software components or well-known telecommunication
systems, possibly linked via a network, that may be used to facilitate communication
between UE 202 and some other UE (not shown).
[0060] In an embodiment, LTE-A extends earlier LTE releases, such as LTE Release
8 or LTE Release 9, providing support for relaying as a tool to improve a variety of
aspects of wireless communication, including but not limited to coverage of 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
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Pconpensati on max(PEMAx - PumAx, 0) (dB) Maxi num TX power |evel an UE may
use when transmtting on the uplink in the cell (dBm defined as PEMAX in

[ TS 36.101] PEMAX PUMAX Maxi mum RF out put power of the UE (dBm according
to the UE power class as defined in [TS 36.101] [0067] Regardi ng the step of
cell selection, the UE may use one or both of the follow ng cell selection
procedures. One of the two cell selection procedures is initial cel

sel ection. This procedure uses no prior know edge regardi ng which RF

channel sanecledtRA dorbF LI 6f a dbtorldNBRY6 sRathedr inkirfackaihmel YEi202t he E- UTRA
bands according to the UE capabilities to find a suitable cell. On each

cui  abl & B R Y e © oy "he sl act ed. [ 0068] The of her

of the (086 T I TRERGdnRBSPHEY Wethe o th df ffore tytierd dré gpdasriuan cel |
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.
[0062] 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, although 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.
[0063] 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, CQlI, 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.
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sel ection. This procedure uses stored information of carrier frequencies,
and optionally also information on cell paraneters, from previously

recei ved neasurenent control information elenents or from previously
detected cells. Once the UE has found a suitable cell the UE may sel ect the
suitable cell. If no suitable cell is found, then the initial cel

sel ecti on procedure described above may be started. [0069]Later, cel
reselection is another step in UE procedures for |IDLE node. When canped on
a cell, [0be4]UE IDLE Mugié Mobllitg Procéddres a nore suitable cell according to
cell reselection criteria. If a nore suitable cell is found, then the nore

sui t abl gopg5] MY deScritRldsoRE, the dhiBodifreh® dRbE&N helcdPpfAvide fohe case of

E- UTRAN i nter-frequency and inter-RAT cell reselection, priority-based

resel ECttEBﬁhiéﬁé§ for irﬁpr‘g?hrﬁgng Wilw grocégﬁféls% & Rpkof RN, efhePémBbéihRingnt

EUTRAN frequenci es or guenci es nmay be provided to the UE in
the system ipfqrmati.on.or in.t i I I y be
or ovi ded By e TaiRg (€ Rtk oS AR, DR B B RS o R o P T RA Ce
sel ection or resel Lon. [00 In the case qof intra-freque nd ,equal
i or i ¢ yPIPREISs fas bR agous bk obedush e SeatrPof Bl GEBERIE I3 4Ty be
applied in order to identify the nost suitable cell. The cell ranking
criteri N8y be defined as R for serving cells and may be defined as "Re"
for neighboring cells (also known as the cell reselection criteria R).
These t d0AE6)ray UBeprdeddures! imkpLifhmotisimayinalyide duastenss celRselectighs 88d ely st
Rn= Qreasin Qoffset where Qreas

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:

Srxlev >0
Where

Srxlev = Qrxlevmeas — (Qrxlevmin + Qrxlevminoffset) - Pcompensation

These terms are defined as:

Srxlev Cell Selection RX level value (dB)

Qrxievmeas Measured cell RX level value (RSRP).

Qndevmin Minimum required RX level in the cell (dBm)

Qrxievminoffset Offset to the signalled Qxevmin taken into account in the Srxlev

evaluation as a result of a periodic search for a higher priority
PLMN while camped normally in a VPLMN
Pcompensation | max(Pemax — Pumax, 0) (dB)

Pemax Maximum TX power level an UE may use when transmitting 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]
[0067] 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
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RSRP neasurenent quanta used in cell reselections. Qoffset For
i ntra-frequency: Equal to Qoffsets,e, if Qoffsets,e is valid, otherw se
this equals to zero.

_frequency, if For inter-frequency: Equal to Qoffsets,e plus Qoffset
Qoffsetsr, is valid, otherwise this equals to Qoffsetfresuenc QHyst
Specifies the hysteresis value for ranking criteria, broadcast in serving
cell systeminformation [0072] The UE may performranking of all cells that
ful fill dehetionl Thisgirecsdura uses hempriar kibwietge cagardingshidieRF akesdelace®Edi ng
tothe Rcriteria specified above, deriving 0 -nmeas,n and Qmeas,s and

cal cul atiTRAlARids.VRhe' €F il RgaR vl IRFOEthriRgM AN ties ELLU'SRAIb‘andstaebd)rdlrEg toanked
as the nost suitable cell, the UE nmay performcell reselection to that

cel . [QRd %JE“ﬁébédnﬁie@'to Fiesh rshﬁéble%én ey @éb%'dérﬁéffﬁé%ﬂulené;e&ﬁé €fEt infght ohly an

enbodi nment may reselect the newcell only if the following two

ol éh‘r’é%%aﬁé’%{%tstfﬂg el Sl elftie %?bﬁ@“eé'é% R e ceoond

has el ap éSﬁnce t he UE canped on the current servi ng cell. [0074] Type 1
Rel ay Ba?&i‘?% “Link Quality

[0068] 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.

[0069] 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 to cell
reselection criteria. If a more suitable cell is found, then the more suitable cell may be
selected by the UE to camp on.

[0070] Inthe case of E-UTRAN inter-frequency and inter-RAT cell reselection,
priority-based reselection criteria may be applied. Absolute priorities of different -
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.

[0071] Inthe 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
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[0075] I n a conmuni cati on network having RNs, when the UE connects to a RN,
two- hop radi o conmuni cation occurs, rather than a traditional single hop
radi o communi cation. For exanple, comrunication froma UE to a RN and from
the RN to an eNB involves two wirel ess hops, as opposed to conmmruni cati on
froma UE to an eNB, which involves only one hop. Milti-hop comunication

I ncl udes two or nore such hops. [0076] As di scussed above, the overall Iink
t hroughput between the eNB and the UE may be not only dependent on the |ink
qual i ty aetRueéor neighbRNngcdllg (atsdUhowrhas the celliraeclactirseritelianR). hhesetesss may
be dependent on the link quality between the eNB and the RN, which is the
backhaul mbiy le.defined ey ampfotiowirly dduatibhetk qual ity of the access link is very
good, but the link quality of the backhaul link is relatively worse, then
the overall end-to-end |ink qualiRy= @e%gu @QQd. The link quality is

bott| enecked by the backhaul link, in this particular case. [0077]In
general, the backhaul |ink shoul qii(bieQrel aLid%ly good. However, in the case
of nobile or nomadic RNs, the bacKhaul"¥{nk quality may become worse and
may al sqﬁﬁ%ti me-variant. In one enbodi nment, an end-to-end SNR for two-hop
radio co fi cation may be derived as shown by the follow ng expression.
The end-to—enrd—SNR+tor—twp-hop—or—rulti—hep—comunicattonsmay her+eferted
to as a Qmpbsi te signal §§ ﬂ‘ﬁ?sﬂ'@f%ﬁ@uéﬂ fy Used in e FSS81CGUONR- o cnal
qual i ty |&fdset he access || RRrigtrgriegauensy; ’%S“aért‘éq.?géetsahﬂ'fg)@ﬁé?%t‘ﬁ Y@'O?he
end-to-end SNR SNR'd_j o eh@rwise tisadusls teyzero. _
For inter-frequency: Equal to Qoffset; , plus Qoffsetsequency, if
Qoffsets n is valid, otherwise this equals to Qoffsetirequency-
Quyst Specifies the hysteresis value for ranking criteria, broadcast in
serving cell system information

[0072] 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.

[0073] Additional restrictions may apply to cell reselection. In an embodiment, the
UE may reselect the new cell only if the following two conditions are met. First, the new
cell is better ranked than the serving cell during a time interval “Treselectionrat - Second,
more than one second has elapsed since the UE camped on the current serving cell.
[0074] Type 1 Relay Backhaul Link Quality

[0075] In a 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.
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1 SNR accenlink . . _SNRbackhaul _link / [0078]In equation 1, SNR -

-accesstink is the SNR over the access link, and SNR-- . -aackhaullink is
the SNR over the backhaul |ink. Fromequation (1), it is seen that both the
access link and the backhaul link m ght contribute equal weight to the
overall link quality. In the fixed relay case, SNRbackhaui |ink changes

very slowy, nostly due to the shadowi ng effect change. In the nobile relay
case, SNRb"kh"uink may change at a simlar rate to SNRaccessfink- [0079]1n
one enbd0owent , Ak hitscubsathabaliar; €ed dyeraik Aislutheoudhputhitaeeadbe eNikarkhthellE may
receive fromone or both of the RN or eNB a neasurenent report of the

SNRbackhagy bbindkonijependért ddRthETiYik REAIIY betwéeh hal RN batities US, whidR: is the

-und-to-end (the conposite
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.
[0077] 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
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 1
+
( SN Raccess _link SN Rbackhaul _link
[0078] Inequation 1, SNRaccess iink iS the SNR over the access link, and SNRoacknaul_iink

SNR (Equation 1)

end—~to—end

is the SNR over the backhaul link. From equation (1), it is seen that both the access link
and the backhaul link might contribute equal weight to the overall link quality. In the
fixed relay case, SNRpacknaul_ink changes very slowly, mostly due to the shadowing effect

change. In the mobile relay case, SNRyackhaul_iink May change at a similar rate to

SN Raccess_link-
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signal quality) according to equation 1. Alternatively, any other conponent
In the network, including the RN, eNB, or ERG may cal cul ate the SNR-
,nd-to-end SO | ong as the conponent either nmeasures or receives a

measur enent of the values of the SNRaccess |ink and the SNRbackhaul _

link Ot her techniques may be used for calculating or using the

SN, R-nci -to-end, such as but not limted to those described bel ow. [0080] A
UE connected to a RN m ght use two-hop bandwi dth to conpl ete one

transni §6079], clarperedbaditient tiom &Ehopy tiractymneaswa thé SNRateedlmki I heddnect ed
directly to an eNB. A UE might receive a higher SNR fromthe relay, but the

total ammafecBivefRMPEAE BF buERs thoRN YoekBRSMetfiFemrabport afkhand the
backhaul [71nk, could be |larger than a single hop transm ssion on the direct

K T T SRR NGaifind CTHUASHRNGE i PPRrforfrPRGI el tioh! TSN, QL the@ofickite L he

UE shou el'ect 'a node that not only provides the best SNR but which al so

iscd on SAT AR R RRREEI] ddh, €' Ao, 3Ry By S Rent B S e on: &

ansm erive ng expr essi on:

Wend -to-end, Wiere. t function f presents, th non c ' fior mul a:
7 (SR MetygaehaingNs RGNS ror EGrnar carialt et erone - B tny b
a mapping fromthe SNR to the particular MCS set ﬁ@ged on ﬁ edefi ned MCS
mappi ng CPAMCEENRIther MAasUres i eppiies 34neAsie e e NBUEB &Etheum ef fi ci ency
val ue. I n another enbodi nent, the function f may be any papping function
from t hSNSRERetsoint AN B8N Rusrnat ihi- cCOEIRE Jechniguiesiaay b UsRd & :RGUHING OTshown
bel ow.

using the SNRend-to-end, SUCh as but not limited to those described below.

[0080] 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
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,

end —to—end = 1 / f(SNRaccess_link) + 1 / f(SNRbackhaul _link )
Where the function f represents the Shannon capacity formula:

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

[0081] 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.
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1

SNRend _en end f'( 1 f

[0082] The final equivalent end-to-end SNR for two-hop radio communication can be

derived to be equation 2, shown below:

- _ 1
SNRend—waend = f 1(yBW ): f : 1 l

end ~to—end +
f(SNRaecess _link ) f(SNRbackhaul ik ) (Equation 2)

-1 . nx
Where the function f™' represents the inverse Shannon capacity formulaf (x)=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.
[0083]  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
bottlenecked by the limiting link, which may be either the backhaul link or the access
link. In this case, the end-to-end SNR is defined as:

SNR = Min(SNR e SNRyetat i) (Equation 3)

end —to—~end

[0084] In the embodiments described above and hereafter, several methods for
determining or calculating backhaul link quality are presented for evaluating the overall
composite link quality estimation. Also, the IDLE mode reselection criteria “‘R’, as
described above, may be used here as an example for illustration purposes. The
embodiments described hereafter may also be applicable to any other UE mobility
procedures, such as the handover procedures for the UEs in CONNECTED mode,
which may include at least network-directed handover or UE-assisted handover.

[0085] Fixed or Configurable RN Offset
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d -to-end 1 f (SNRaccessf (SNRbackhal d 1ink) (Equation 2)

[0086] In one embodiment, a common RN offset value may be defined and
considered in the cell reselection criteria R. From equations (1) and (2), a linear
combination of the link quality between the access link and the backhaul link may not
exist. However, to make the relationships simpler, a parameter termed Qoffsetry may

be defined. In this case, the cell reselection criteria may be refined as follows:

Rs= Qmeasys + QHyst - Qoffsetry

Rn: Qmeas,n - QOffset - QOffSGtRN

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

this equals to zero.

For inter-frequency: Equal to Qoffsets, plus Qoffsetiequency. if Qoffsets
is valid, otherwise this equals to Qoffsetiequency-

Qoffsetrn | If the measured cell is the RN, the value equals to Qoffsetgrn_sH.

If the measured cell is eNB, the value equals 0.

In this embodiment, the parameter Qoffsetrn_g+ may be broadcast by the system
information block over the BCCH. Note that although the above Rsand R, may be used
for idle mode cell ranking criteria, they could be generally used to represent other
mobility procedure measurements, for example, representing the CONNECTED mode
cell quality estimation criteria as well. For example, Rs could be generally used to
represent the serving cell quality for any mobility procedure and R, could be generally
used to represent the neighboring cell quality for any mobility procedure. Furthermore,
the formulae shown above may be modified in different forms, for example, sometimes
in the CONNECTED mode some cell quality estimation criteria, such as the Ryystor

Rofiset terms, may or may not be present.
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Where the function rl represents the inverse Shannon capacity fornula f
-1(x) = 2x -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 [0083]1n another enbodi nent, the end-to-end
SNR m ght sinmply be the mninumof the link quality of the access |ink and
backhaul Iink. This approxi mati on m ght be used in sone cases because the
effective spectrumefficiency that the UE receives m ght be bottl enecked by
the |i mp00Bd] | i rkthisdrbddiment, llee &IE iney diffeecriiatdk betweehni arkRNrartdan elBess
link. In this case, the end-to-end SNR is defined as: SNRend w, "d

=SNI 2backitptNei UE hay)dgpipikirasdife @ RegRsrid RP84] taseldettorntTpgicidrat thiglescr i bed

above and hereafter, several nethods for determ ning or cal culating

oKLl Yot soASeN o4 K BLES table NN oreppS L2
oo o S TRUELIERAPEEFIS® 20 SIS Lo et o oy ot hor Lk
R 0 S e A
UE-assi S(Sggsqu,r.]qr? I%g 'caLeo,Qtr?eS Lgciigt% C%ffs%(t)sgfié %uer&%r%aﬁ(’)\ln g {hseecsoffsets,n and the
Qoffsetrn_gn. The eNB may broadcast the Qoffsets, and the UE may use the updated
Qoffsets , for the cell reselection. Hence, in this embodiment, Release 8 UEs also may
be supported. Further, the UE may not need to differentiate an RN from an eNB.
[0089] Additionally, different Qoffsetrn g1 may be defined for different RNs.
Correspondingly, in the above embodiment, the different Qoffsetry g per RN is
captured directly in the Qoffset; , respectively. Qoffsets, may be calculated in light of the
following four cases.
[0090] In the first case, both the serving cell and the neighboring cell are eNBs. In
this case, no Qoffsetrn gn Needs to be considered, because the backhaul link quality
does not need to be considered.
[0091] Inthe second case, the serving cell is an eNB and the neighboring cell is an
RN. In an embodiment, assume one Qoffset defined to be Qoffsetzrn gHi. [N this case,
the backhaul link quality may be considered when the UE reselects the neighboring cell,
which is generated by an RN. The value of the Qoffsets, may be larger by adding
Qoffsetrn_gn1to bias cell reselection.
[0092] In the third case, the serving cell is generated by an RN. Again, in an
embodiment, assume one Qoffset defined to be Qoffsetrn gH1. Furthermore, the
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[ 0086] I n one enbodi ment, a common RN of fset val ue nmay be defined and
considered in the cell reselection criteria R Fromequations (1) and (2),
a linear conbination of the link quality between the access link and the
backhaul |ink may not exist. However, to nmake the relationships sinpler, a
paranmeter termed QoffsetRN nay be defined. In this case, the cell
reselection criteria nmay be refined as follows: Rs= Q neas, s+ QHyst -

Qf fset RN Re= Qreasm - Qoffset - Qoffset RN where: Qreas RSRP neasur enent
quant i t yneigletsbring catilié gemsrateridty ameNBQUA tisie tas@the backhdul Bajueualiy nmaylsd t o
Qoffsets,n, if Qoffsets,r, is valid, otherwise this equals to zero. For

i nter-fresHeRNS¥d whtHathe UE r@0élbet!the Relghbisrifgp CEIs aitictemagmeyan efBDitthet s, n
is valid, otherwise this equals to Qoffset -frequency. QoffsetRN If the

measur eds&Gink def id Qfelﬁif'\'noaéllem%b&lﬁe%ﬂ dfRet, O nfRfdesshilr By dubtrabgngreasur ed

cell is eNB, "the val ue” equal s
Qoffsetrn gH1to bias cell reselection.

[0093] In the fourth case, the serving cell is generated by an RN. Again, in an
embodiment, assume one Qoffset defined to be Qoffsetrn sH1- The neighboring cell is
also generated by an RN. In this particular embodiment, assume a second Qoffset to be
Qoffsetrn aH2. In this case, the backhaul link quality may be considered when the UE
reselects the neighboring cell, which may be a relay node, but the serving cell is another
relay node. The value of the Qoffsets, can capture the difference between the two
backhaul link qualities. For example, the Qoffsets, may add (Qoffsetrn_gH2 -
Qoffsetrn_gH1)-

[0094] An alternative to the above embodiment is to define a new scaling factor agrn.
This scaling factor may capture the backhaul link effect into the cell ranking procedure.

The cell reselection criteria then may be revised as follows:

R = apyn * Qmeasys + QHyst

Ry = dpn * Queason - Qoffset

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

this equals to zero.

For inter-frequency: Equal to Qoffsets n plus Qoffsetrequency, if Qoffsetsq
is valid, otherwise this equals to Qoffsetsiequency-

ORN If the measured cell is the RN, the value equals to arn_gH. Otherwise
the value equals 1.
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In this enbodi ment, the paraneter QoffsetRN BH may be broadcast by the
systeminformati on bl ock over the BCCH Note that although the above IR,
and Rn may be used for idle node cell ranking criteria, they could be
generally used to represent other nobility procedure nmeasurenents, for
exanpl e, representing the CONNECTED node cell quality estimation criteria
as well. For exanple, R5 could be generally used to represent the serving
cell quality for any nobility procedure and Rn could be generally used to
r epr es€li®096he ireihghdbowve egnboelimenfuttia Ui ray diffaentiets betwpep tive Biuare the
Furthernore, the fornul ae shown above may be nodified in different forns,
for exagmBeAdsiticaailyrtise Ug maeaeaw%qrtﬁe mddifed RIoritarkd for theadestlectisn.i mat i on
criteria, such as the RHyst or Roffset ternms, may or may not be present.

[ 0087] IThdrBfore Gtﬁ@%ﬁbi?@@hboam‘edt”ﬁw@ﬁb’n&'tfefzﬁmﬂeéblétf& #@@é@@@g UES, Bt aifgeran

eNB, and the UE may apply the nodified Rcriteria for cell reselection.

IQ?LZI 0@3}, Ewgﬁ?@oﬂk I"at gfegp%éa% @%?%%Hé g@?ér'lgg H’E'lﬁﬁnet wor ESUE[Sboggi[ In a
oi 1 510088} 71 Bbpud ARepfic %ﬁ%ﬁﬁzﬁ%ﬁa ERP PRl E st bt (e

Qof f set and t ffse adcast the ffsets n and
Che U TaE" R Cohlrerthe Bekepi bk eec b ing RE! BTG BoEPRTE: O rence. | n
this enbodi nent, Rel ease 8 UEs_al so may be sup‘ported Furt her, the UE may
not neckMbedimentsshamiyrate raRsRIting tis Baramater [ [eeRgramete QﬁfiaﬁHI“)}ay B®fferent
Qoffset RN Bry may be defined for different RNs. Correspondingly, in the
above ditbadeant by the ssternfinfermatiorCbibtk eveNnBBCEHr Ore ¢rsbedipiant mglugiesect | y
inthe Qoffsets,r, respectively. Qoffsets,, may be calculated in |ight of
t he f olrhodifying fmmBIBéases. [0090]In the first case, both the serving cell
and the neighboring cell are eNBs. In this case, no Qoffset RN BH needs to
be conq008TEd, The igyetehiiefopaatteBIbck Typedpoatdity neighisomall-reted t o be
considered. [0091]In the second case, the serving cell is an eNB and the

nei ghbgrfoR8afiéh FeléviarndBniftor .hﬂaaféfjeheyi tERRL-sel8GRHTET RNE iReltieS teliphitmed to
be QoffsetRN BHL. In this case backhaul link quality may be considered

when t%eeﬁgrreeele%ﬁgé%é}e éh F\e bfaedkla g@,h Ag eS@?@et ed by an RN

The val ue t he ar ger ng N BHi to bias
cell r %nglte%ﬁ#&%ationBlockTpr information element may be modified as below (additions

are underlined and italicized):

-- ASN1START
SysteminformationBlockType4 ::= SEQUENCE {
intraFregNeighCellList IntraFreqNeighCellList OPTIONAL, --Need OR

intraFreqBlackCellList IntraFreqgBlackCellList OPTIONAL, --Need OR
csg-PhysCellldRange PhysCellldRange OPTIONAL, --Cond CSG

}

IntraFreqNeighCellList ::
IntraFreqNeighCellinfo

SEQUENCE (SIZE (1..maxCellintra)) OF

IntraFreqNeighCellinfo ::= SEQUENCE {
physCellld PhysCellld,
g-OffsetCell Q-OffsetRange,

alphaRelayBackhaul alphaRelayBackhaulRange OPTIONAL,-- Cond Relay
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[0092]In the third case, the serving cell is generated by an RN. Again, in
an enbodi nent, assune one Qoffset defined to be QoffsetRN BNi. Furthernore,
the neighboring cell is generated by an eNB. In this case, the backhau
link quality nmay be considered when the UE resel ects the neighboring cell,
whi ch may be an eNB, but the serving cell is a relay node. The val ue of
Qoffsets,, may be snmaller by subtracting QoffsetRN Bffi to bias cel
reselection. [0093]1n the fourth case, the serving cell is generated by an
RN. Again, in an enbodi nent, assune one Qoffset defined to be

Qof f set i nni. The neighboring cell is also generated by an RN. In this

par ti cul RiraPRRRMIRRLSASSUTe 2 SRAQUENGH! (2t (1 OnbeOAMEIAG0f BR B2, In this
case, th@ﬁ%@ﬁ%ﬁ%ﬂg n‘l% quality may be con(fsi der(ed when th%g E resel ects the
nei ghbori ng ce ich may be a relay node, but the serving cell is

anot her rﬁ@{m . The value of the Qoffsets,"” can capture the difference
bet ween 1T ackhaul link qualities. For exanple, the Qoffsets," may

add ( Qof N _BH2 Qof f Set RN _BH1) - [0Q94] A | t ' to th

amhoi nelWOBL T g oRrarEelat R ataPY g ALl droariconi € RfrdlE PREor my

capture the backhaul |ink effect into the cell rankin rgce ure. The cell

r esel ect ¢hodimant epud bedhatihy OlBs_aHe?/?-slé\H‘eé‘saFchﬂHl'%\ﬂ/s?he%%ka a@iﬂ%sq%’“ {yst =
I

ann * Qmeas,n - Qoffset where: Qreas RSRP neasurenent quantity used in cel
r esel ectimapde assumed to be perfect. When the backhaul link quality becomes relatively bad,

the arn_sn May be decreased. In one example, when the RN is a mobile relay which
has a similar channel profile with the UE, arn_sn may be equal to 0.5. The parameter
arn_eH could be a common parameter for all RNs, or could be an RN-specific parameter.
[0099] The above embodiment and its alternative possibly may be backward
compatible with Release 8 UEs. However, the end-to-end link quality might not be
determined accurately, and hence the ranking may not be appropriate. The following
embodiments are SNR-based in order to obtain more accurate estimation, but might be
applicable only for LTE-Advanced UEs.

[00100] Neighboring RN Backhaul Quality List Via the BCCH

[00101] In order to consider the backhaul link quality in the overall link quality
estimation, a list of the neighboring RN backhaul link quality metric, referred to as
Qrn_gH, May be established and sent to the UE via the BCCH from each cell. Each cell
might be generated by either an RN or an eNB. In one embodiment, the Qrn_g+ could
be the measured RSRP or RSRQ value at the RN node. In another embodiment, the
Qrn_en could be the average backhaul link SNR or SINR (signal-to-interference-and-

noise-ratio) estimation based on the backhaul reference signal. However, the Qrn_sn
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Qffset For intra-frequency: Equal to Qoffsets,n, if Qoffsets,n is valid,
otherwi se this equals to zero. For inter-frequency: Equal to Qoffsets,,
pl us Qoffsetirequenny, if Qoffsets,n is valid, otherwise this equals to
QO fSetfrequencV RN If the neasured cell is the RN, the value equals to
aRN BH. O herw se the value equals 1. [0095]In the above enbodi nent, the
UE nmay differentiate between the RN and the eNB. Additionally, the UE may
al so apply the nodified Rcriteria for the reselection. Therefore, the

above e iR e Iimhititto e abévar Rt tRF& couldPbe RaY fRsroft lemtitprepresdrtiag may
apply to LIE-A (or later release) UEs capable of using LTE-A networKks.

[ 0096] T*}ﬁe%@(ﬁa‘ﬁ he gl arpt Baéé‘cﬁéﬁ kRerbcRivea WaBRA ALKty ifformélic tHsSUR

scaling tactor that captures e backhaul link effect’into the cell ranking
rocedur Th
Bar et dhas AR AR5 S hdishibe'i LRENIERS bl RN SBRYRTRECel 2% he

Syst em rﬁ%‘?‘%@?%@%%%%’%k ﬁeéa'ﬁ‘f)% Bfiaﬂgl’/ﬁ%gﬁ’o %éeleis’q"[q?gﬁgbe}gﬁ }Eor mat i on
W th apdeBiodl  Soverlufersnt gmbsimars st errianisnina bRpma EIE GV st ' °

exenpl awil System nformati onBl ockType4 informati on el ement _may be m)dl f I ed
as bel owlqsstibed pbove. dnonerrabodiment, dhel eNBampy psiémgte Qrgnifior SAERRN

connected to the donor eNB based on the uplink transmitted signal, such as the SRS or
random access preamble or general uplink transmission signals. The eNB may or may
not exchange this information with the neighboring eNBs. Then, the eNB may send the
established list to RNs connected to the eNB. All the cells including the eNB and the
RNs may broadcast the information via the BCCH, such as in the SIB4 as described
above. In addition to the backhaul link quality list corresponding to the RNs attached to
the same donor eNB, the eNB and RNs may also broadcast the backhaul link quality list
of one or more neighbor eNBs and their associated RNs. The backhaul link quality list of
a neighbor eNB and its associated RNs may be sent from the neighbor eNB to the eNB.
The eNB may then send the list to its connected RNSs.

[00103] Alternatively, each RN may report the measured Qrn_gH to the donor eNB
based on a timer, periodically, or an event trigger, such as passing a threshold. Then,
the donor eNB may send the resulting list to the eNB’s connected RNs. All the cells
including the eNB and the RNs broadcast the information via the BCCH in the SIB4.
[00104] For the above two cases, the eNB and RNs may also broadcast the backhaul

link quality list of one or more neighbor eNBs and their connected RNs. The backhaul
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Systen] nformatio n Bl ockType4 ::=SEQUENCE ({
I ntraFregNei ghCel | Li stlntraFregNei ghCel |l Li stOPTIONAL, - Need OR i ntra Freq
Bl ackCell Listl ntra FreqgBl ackCell ListOPTIONAL, -- Need OR
csg- PhysCel | | dRangePhysCel | | dRange OPTI ONAL, -- Cond CSG
I ntraFregNei ghCel | Li st ::=SEQUENCE (Sl ZE (1..nmaxCelllIntra)) OF
I ntraFregNei ghCel I I nfo I ntraFregNei ghCel | I nfo ::=SEQJUENCE {
physCel | | dPhysCel I 1d, g-OfsetCell Q Ofset Range,
al phaRel imkRackitydist ef heigabervddB lahd s Rengectel RNI\Aky -beGentifridel thg nelghbor
I ntraFreqBl ackCel | Li st ::=SEQUENCE (Sl ZE (1..nmaxCel | Bl ack)) OF
eNB to the eNB. The eNB then may send the list to its connected RNs.
[00105] Alternatively, the RN may measure its Qrn_gH and exchange this information
with all the neighboring cells using some form of multicast transmission, such as local
multicast. The eNB need not perform this multicast. Each cell then may compile a
Qrn_p list and transmit this list via the cell’s broadcast channel. The established list
may be delivered to the UEs in the cell using a modified SIB4,as currently presented in
3GPP TS 36.331. An exemplary modified SIB4 is presented below (additions are
underlined and italicized):
-~ ASN1START
SysteminformationBlockType4 ::= SEQUENCE {
intraFreqNeighCellList IntraFreqNeighCeliList OPTIONAL, --Need OR
intraFregBlackCellList IntraFreqBlackCellList OPTIONAL, --Need OR
csg-PhysCellidRange PhysCellldRange OPTIONAL, --Cond CSG

q-RelayBackhaul Q-RelayBackhaulRange OPTIONAL, --Cond Relay

IntraFreqNeighCellList ::= SEQUENCE (SIZE (1..maxCellintra)) OF

IntraFregNeighCellinfo

IntraFregNeighCellinfo :: SEQUENCE {
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PhysCel | | dRange ASNLSTOP [ 0098] The paraneter "al phaRel ayBackhaul " (URN OH)
could be any val ue. One enbodi nent could be that 0 < ORN.BH S. 1. Wen
aRNBH is 1, the backhaul link quality nay be assuned to be perfect. Wen

t he backhaul link quality becones relatively bad, the aRN BH nay be
decreased. I n one exanple, when the RNis a nobile relay which has a
simlar channel profile with the UE, aRN BH may be equal to 0.5. The
parameter aRN Bry could be a conmon paraneter for all RNs, or could be an
RN-speci fic pmyaoeiar - [ 0099] Thepabsaglignbodi ment and its alternative
possi bly may bé backward conpatible with Rel ease 8 UEs. However, the

end-t o- end Ii%bﬁ%g@énty m ght nobﬁbﬁ gﬁa%bgi ned accurately, and hence the
f The Tol I ol i

ranki ng may n e appropri ate. W ng enbodi nents are SNR-based in
order to obtaj ClHrate estd pati ) Gt fcab nly for
LI E- Advaﬁcedi%égf—g&?%% ' -8l o CKRng;’u(g]wglpr?méiL’st \t/;? ggt he BCCH
[ 00101] Ln order to consider the backhaul link quality in the overall 1ink
qual ity mation, a list of the neighboring RN backhaul link quality
metric, referred to as ORN_SH, nmay be established and sent to the UE via
the BCCH from-each cell. Each cell m ght be generated by either an RN or an

eNB. In one enbodi nent, the QRN Bry could be the neasured RSRP or RSRQ
val ue at} the RN node. In another enbodi nent, the ORN BR could be the
aver age backhaul link SNR or SINR (signal-to-interference-andnoi se-rati o)
estimati on based on the backhaul reference signal. However, the QRN _BH
need not be [imted to the above, but rather could be any formof a
quant i t VintrePree@tiukiOegLishe= b8HMENCE (S{ZF Y4l inayCeliBlack)) OF PhysGaliiRange
backhaul quality information, the UE may nmake the appropriate estimation of
the end-1agayETyerall link quality for the cell selection or reselection,
for exanple, to apply the above equations (1) or (2). [00102] Several
differ eg[go?gggd*rﬁgﬁé %X%@T}Sfdr&aﬁéﬁ%hkﬁb&hﬁighamgw ndightor @eRkélated! i st
above. In one enbo

describ dinment, the eNB nmay estimate QRN sH for each RN

connect %gﬁotrr?\a{igrg r SO oRNRoP ﬁ\rﬁgﬁé&gxre%gz chip F%—Q%lsf:ﬂlfﬁﬂ SThe p&@nfdtenaky pRuch as

t he SRS random access “prea ner a transm ssion signals.
Then, 1 HESLRE FagH 8 FHEMBERENoTubR i EH It nR O AT R PR 2
Vi a the Hetk nsligs 81 b ReSalie f-ae ARt PRt aRore el 2o P o S he
b ek G e B BRSO 0

i st of one or nore neighbor eNBs and their associated RNs. The,ﬂg khaul

li nk quaRkn y+ rnge asulcibe HoghtiOdBERER0gRd This rafgegepyPedn RIgNmeat W nt from
t he nei ghbor eNB to the eNB. The eNB may then send the list to its

connect egediNstry [dDQ2@3la rabtler Beddctarlcgll. each RN may report the measured
QRN_BH to the donor eNB based on a tinmer, periodically, or an event
trigger,[09t08] aBapes shNle MddsuashRERP/RBRM valbe additios reaulete@xs endn thee
resulting list to the eNB's connected RNs. All the cells including the eNB
and t he RNgnBGORICHRRIUL heay AéteFHe tRE oviailltiAR qBEMRY. iOnd feehSilgBd forf 00104]  For
t he above two cases, the €NB and RNs may al so broadcast the backhaul |ink
qual ity ddistn ki ' Bewdredtit&is as The
backhaulaétémlﬁfngﬁgﬁio'? %rﬁﬁ?@tﬁ dg%hghggf Bﬁggﬁhg%%"gﬂ?%"trgggonnect ed RNs may be
sent frﬁnh%he nei ghbor eNB to the eNB. The eNB then may send the list to
its conn@T¥d RNs.
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[ 00105] Alternatively, the RN may neasure its ORN Bry and exchange this

i nformation with all the neighboring cells using sone formof nulticast
transm ssion, such as local nulticast. The eNB need not performthis
mul ti cast. Each cell then nmay conpile a QRN BH list and transmt this |ist
via the cell's broadcast channel. The established |ist may be delivered to
the UEs in the cell using a nodified SIB4,as currently presented in 3GPP TS
36.331. An exenplary nodified SIB4 is presented bel ow (additions are
underlined and italici[zed): Aspbié tg formati onBliockType4

.- =SEQUENCE { i ntraFr dqNei ghiCe BE9 ALY Kei ghCel | Lijst OPTI ONAL, --
Need OR intraFrquIackCEII r aFr C |.Li st OPTIONAL, -- Need OR
csg- PhyscCel | | dRange PhysCeI ﬁgﬂébﬂwﬂﬂﬂgﬂs Cﬁ

where:
Qmeas RSRP measurement quantity used in cell reselections.
Qoffset For intra-frequency: Equal to Qoffsets , if Qoffsets, is valid,
otherwise this equals to zero.
For inter-frequency: Equal to Qoffsets, plus Qoffsetiequency, if
Qoffset; ,, is valid, otherwise this equals to Qoffsetfrequency-
QsH If the measured cell is the RN, the value equals to Qrn BH.

[00109] The parameter Qrn_sn May be broadcast by the system information biock over

the BCCH.

[00110] Another embodiment of the new cell reselection ranking formula could be as

follows:

Rs= 1/(wW1/Qmeas,sTW2/QpH) + Quyst

Rﬂ =1/ (Wl/ Qmeasm+W2/ QBH) - QOffSCt

[00111] In this embodiment, wy and w; are the weighting parameters for the link
quality for different hops. A weighting normalization condition may also be applied, e.g.,
(w1 + w2)/2=1 (other normalization conditions may also apply). For example, if the
access link quality is more important, wy could be larger than w,. Otherwise, w4 could be
smaller than w,. By default the following equality may be used: wy = w, =1.
[00112] In yet another embodiment, the new cell reselection ranking formula may be
as follows:

Ro= £ (1/ (W 1/f(Qmeasss) W 2/ £(Q 1)) T Quiyst

Rn = f—l(l/(w l/f(Q meas,n)+w2/f(Q BH))) - Q offset
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OPTI ONAL, -- Cond CSG g- Re/ ayBackhau/ Q Rel ayBackhaul Range OPTI ONAL, - Cond
Relay IntraFregNeighCellList ::= SEQUENCE (SIZE (1..maxCelllIntra)) OF

I nt raFregNei ghCel I I nfo I ntraFreqNei ghCel | I nf oSEQUENCE {

physCel | | dPhysCel I 1d, g-OfsetCell Q Ofset Range,

g- Rel ayBackhaul Q Rel ayBackhaul Range OPTI ONAL, - Cond

[00113] Here,fandf " have been defined earlier, while w; and w; are the weighting
parameters for the resources used for different hops. For example, if the access link
resource is more important, w; could be larger than w,. Otherwise w4 could be smaller
than w,. By default, w; = w, =1. In one embodiment, wy and w, above may be
broadcast by the system information block, such as a SIB4, over the BCCH. In another
embodiment, w1 and w, may be fixed as specified by the 3GPP technical specifications.
[00114] In still another embodiment, the new cell reselection ranking formula may be

as follows:

Rs= Qeftectivess T QHyst

R,= Qeﬁ‘ectivean - QOffSCt

[00115] In this embodiment, Qeffrective,s iS MIN(Qmeass: Qer). Additionally, Qefrective,n IS

min (Qmeas,n, QBH)-

[00116] Dedicated RN Backhaul Quality

[00117] In another embodiment, in order to consider the backhaul link quality in the
overall link quality estimation, dedicated RN backhaul quality may be used. In this case,
no need exists to exchange the SNRgn_ g+ among the eNB and the RN. Hence, the
backhaul traffic related to the Qrn_gn €xchange might not be required. In this case, each
RN may measure its Qrn_gr and transmit this measurement via the broadcast channel.
This measurement may be transmitted in a modified SIB4. One embodiment of a
modified SIB4 may be as follows (additions are underlined and italicized):

-- ASN1START
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Rel ay I ntraFreqBl ackCel | Li st ::= SEQUENCE (SIZE (1..maxCel |l Bl ack)) OF
PhysCel | | dRange ASN1STOP [ 00106] The | E Systenl nfornati onBl ockType4 m ght
contai n nei ghbor cell related information relevant only for intra-frequency
cell re-selection. The paraneter QRN BH may be added to the nei ghbor cell
information if a wireless backhaul exists for that cell. The IF includes
cells with specific re-selection paraneters, as well as blacklisted cells.
[00107] In the case that ORN BH is the average backhaul 1ink SNR

esti mti%tehmowgé%ﬁﬁegqglgt@@ENm-10dB to 20dB. This range may be

in alignnment with t ry range of a regular 3-sector cell. [00108]

pased on 1 he iARAEHFGRA PR VtdeaNgeRrsp el vebTiNaB.0sed bR

backhaul i nk, etermne t ink quality. One technique
for determnin he over . Jink, quali [ refin rre B
resel ection C‘Pﬁ?%ﬁ@%‘%@h{-‘ﬁ Ws: Ir%@;egﬁkfﬁ%%@éét, 8+1 &@?% -1 @%?82 =

1/ (1/ Qreas, a+l/ ) - ffset where: RSRP neasu uantdity, used in
cel | resel ect§¥hEhysGelidRangeror ipﬁlyﬁg-gﬁ'%g?@@ﬁcy: Equg?ﬂﬁﬁ fse osr?ﬁ, , i f
Qoffsets,n is valid, otherwise this equals to zero. For inter-frequency:
Equal toC8& fsettn plus Qoffset

g-RelayBackhaul _Q-RelayBackhaulRange OPTIONAL, --Cond

Relay

SEQUENCE (SIZE (1..maxCellintra)) OF

IntraFregNeighCellList ::

IntraFregNeighCellinfo

IntraFregNeighCellinfo ::= SEQUENCE {
physCelild PhysCellld,
g-OffsetCell Q-OffsetRange,

}

l

IntraFregBlackCellList ::= SEQUENCE (SIZE (1..maxCeliBlack)) OF PhysCellldRange

- ASN1STOP
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-frequency, Qoffsets,r, is valid, otherwise this equals to Qoffset
.frequencV- if QBH If the neasured cell is the RN, the value e ouals to QRN
BK. [ 00109] The paranmeter QRN BH may be broadcast by the system

i nformati on bl ock over the BCCH [00110] Anot her enbodi nent of the new cell
resel ection ranking fornmula could be as follows: Rs+ 1/ (W/ Qreas, s+W2/ QBH) +
Qlyst Rn = 1/ (W/ Qreas, ntW2/ QBll) Qoffset [00111] In this enbodi nent, wl
and w2 are the weighting paranmeters for the link quality for different

hops. A [0eH@8] | TheRXEMIAT HE SyBteanfdhbtonBaykBiped demeantresehtectaove  +
wW2)/2=1 (other normnalization conditions may al so apply). For exanple, if

t he accegsthihg he@;ﬁgb}b &l Heﬁaté@rrﬁo&ﬂa%i@htré@t«an%w f&w}rﬂfr@?hér%&%ﬂ ré-han w2.

O herwi se, W cou e smaller than w2. By default the follow ng equality

may be Uée?éc'uo\ﬂﬁ The'fg rﬁéy include cells with specific re-selection parameters, as well as
blacklisted cells.
[00119] In the case that Qrn_gH is the average backhaul link SNR estimation, the
Qrn_sH range could be from -10dB to 20dB. This range may be in alignment with the
geometry range of a regular 3-sector cell.
[00120] In the above embodiment, the information broadcast via the BCCH may be
much less compared to other embodiments. For example, in the case that Qrn_gH is the
average backhaul link SNR estimation, only 5 bits are needed in SIB4 to deliver this
information. In contrast, for the neighboring RN backhaul quality list embodiment
described above, and for the example that there are 20 neighboring RNs, 100 bits might
be added in SIB4. Although this addition of bits might not be an issue for the SIB4, the
savings of bits in the current embodiment still may be beneficial in terms of reducing
overhead. However, this embodiment may incur more complicated procedures on the
UE side.
[00121] For example, the UE may evaluate the cell quality based on the cell ranking formula
as follows:

Rs= 1/(1/Qmeas,st1/Qpr) + Quyst

R, = 1/(1/Queassnt1/Qpr) - Qoffset

30



[00112] In yet another enbodi nent, the new cell reselection ranking formula
may be as follows: Rs =(1 /(wi/f(Qneas,$)+w 2/f(Q BO)Q Hyst R, = 11(1

[ (w 11f (Qreas, .)+w 21f (Q BO) - Q offset [00113] Here, f and f1l have been
defined earlier, while wl and w2 are the weighting paranmeters for the
resources used for different hops. For exanple, if the access |ink resource
is nore inportant, wl could be |arger than w2. OQtherwi se wl coul d be

smal l er than w2. By default, wi = w2 =1. In one enbodi nent, wl and w2 above
may be broadcast by the systeminformaQOron bl ock, such as a SIB4, over the
BCCH. I n anot her enbodi ment, wil and w2 may be fixed as specified by the
3GPP technical specifReat f ddg(w [/602d4} 1w s(Q buBandt Qesstenbodi nent, the new
cell reselection ranking formula may be as follows: Rs- Qeffective s (Hyst
Rn= Qeffectivc, n - QoRfsef ' (100& 131Q Lo L v, &ifQed) yer@ o fiQef f f ective, 5 is

M n(Qreas, s3 BH) Additionally, 01 --enective,n is mn (Qmeas,n, BH)
[00116] Dedicated RN Backhaul Quality [0117] In another enbodinent, in
order to consider the backhaul link quality in the overall link quality
estimation, dedicated RN backhawt,=09al.ty+ @y, be used. In this case, no
need exi sts to exchange the SNRRN BH anong the eNB and the RN. Hence, the

backhaul traffic related to the @\%%Hﬁvexc@mg m ght not be required. In
this case, each RN nay neasure its ﬁ_@ﬁ and transmt this measurenent via

t he broadcast channel. This neasurenment may be transmitted in a nodified
Sl B4. Owharetfagicaepis min(Qmemdi Qi @nSiWBéedmy iH@iKQreohl @mg. (additions are
underlined and italicized): ASNL START
[00122] The UE may use its previously stored Qg for each corresponding cell when
calculating Rs and R, above. If no Qgy is previously stored for a cell, the UE may ignore
the Qg term in the above equations.
[00123] After the best cell is selected, the UE may camp on that best cell and listen to
the BCCH. Via the BCCH, the UE may receive the Qrn_gn for the camped cell.
[00124] At this point, there may be two different alternatives. In the first alternative,
the UE may not perform cell reselection immediately. Instead, cell reselection may be
dependent on the measurement rule defined in 3GPP TS 36.304. The received Qrn_sH
might only apply to the next cell reselection ranking procedure.
[00125] In another alternative, the UE may immediately apply the received Qrn_ s+ and
start the cell ranking procedure again to re-rank the cell quality. If the current serving
cell is still the best cell, the UE may stay in the current cell. If a better cell is found, the
UE may switch to the new cell.
[00126] Hybrid Embodiment
[00127] To find a trade-off between the signaling load and cell reselection

performance/simplicity, a hybrid of the above embodiments may be used. In this
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System nf ormati onBl ockType4 ::= SEQUENCE {

I ntraFregNei ghCel | Li stlntraFregNei ghCel ti st OPTI ONAL, - - Need OR

i ntraFregBl ackCel | Li stlntraFregBl ackCel | Li st OPTI ONAL, --Need OR

csg- PhysCel | | dRangePhysCel | | dRangeOPTI ONAL, -- Cord CSG g- Rel ayBackhaul
Q Rel ayBackhaul RangeOPTI ONAL, -- Cond Rel ay IntraFregNei ghCeltist ::=
SEQUENCE (SIZE (1..nmaxCelllntra)) OF IntraFregNei ghCelllnfo

I nt raFregNei ghCel | I nfo ::=SEQUENCE { physCel |l |1 dPhysCel |l ld,

q- O f set mbbdrdht, sicRae genértedby ag BNScdCal RN adtablishe SEQARNCESY @l ZE

(1..maxCel | Bl ack)) OF PhyscCel | | dRange
backhaul link quality. Each cell transmits the partial list via the BCCH. For example, the
partial list might only contain the RNs inside the same donor cell, or the list might be
limited to no more than a certain number of RNs. The limited set of RNs could be those
RNs that are closest to the cell that transmits the BCCH.
[00128] When the UE receives the list, the UE may apply the revised cell ranking
formula when performing the cell-reselection ranking procedure. When the best cell is
found, if the Qrn_gn Of the cell is already included in the list, no further action may be
needed on the UE side. If the Qrn sH Of the cell is not included in the list, then there are
two different alternatives, as described above at the end of the description of the
dedicated RN backhaul quality embodiment.
[00129] In an embodiment, the SIB4 may be modified as follows (additions are

underlined and italicized):

-- ASN1START

SysteminformationBlockType4 ::= SEQUENCE {
intraFreqNeighCellList IntraFreqNeighCellL.ist OPTIONAL, --Need OR

intraFreqBlackCellList IntraFregBlackCelilist OPTIONAL, --Need OR

csg-PhysCellldRange PhysCellldRange OPTIONAL, --Cond
CSG

g-RelayBackhaul Q-RelayBackhaulRange  OPTIONAL, -- Cond
Relay
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ASNLISTOP [00118] The exenplary |IE System nformati onBl ockType4 el enent
present ed above contai ns nei ghbor cell related information relevant only
for intra-frequency cell re-selection. The IE may include cells with
specific re-selection paraneters, as well as blacklisted cells. [00119] In
the case that QRN BH is the average backhaul link SNR estimation, the

(RN _BH range could be from-10dB to 20dB. This range may be in alignnent
with the geonetry range of a regular 3-sector cell. [00120] In the above
enbodi nept, the information broadcast via the BCCH may be nuch | ess
conpared to other enbodi nents. For exanple, in the case that 0 --RitsH is
t he average backhaul link SNR estimation, only 5 bits are needed in SI84 to
deliver this information. In contrast, for the neighboring RN backhau

qual i ty |rt@irefrRs '@amistq_esOsééeém@@(@zﬁm.dmfasabetnfh&a@j@mI e that there are
20 nei ghbori ng , 100 bits mght be added in Sl 34. t hough this addition

of bits m}{%@hﬁ‘ﬁ%ﬁm&‘ﬁ'ﬁfﬁ" ssue for the SIB4, the savings of bits in the

current e may be beneficial in terns of reducing overhead.
However, this enbodi nent may incur nore conplicated procedures on the UE
side. [00121] For exanple, the TIE may evaluate the cell quality based on

the cell rapki fo la as follows: = 1 /Qmeas,s+ 1 /@BH + Quyq Itn =
1 /(1/Qn¥,'-‘ér§!@f 9190‘%’“?“%%: Qoffsé\tVEQ‘élE"é\ségtf 1(1/ (wi/f(Qreas, $)+w2/ f (Q

BO 4- st
) Y physCellld PhysCellld,
q-OffsetCell Q-OffsetRange,
g-RelayBackhaul Q-RelayBackhaulRange  OPTIONAL, - Cond
Relay
}

IntraFreqBlackCellList ::= SEQUENCE (SIZE (1..maxCellBlack)) OF PhysCellldRange

-- ASN1STOP

[00130] The exemplary IE SysteminformationBlockType4 provided above contains
neighbor cell related information relevant only for intra-frequency cell re-selection. The
IE includes cells with specific re-selection parameters, as well as blacklisted cells.
[00131] Inthe case that Qrn gH is the average backhaul link SNR estimation, the
Qrn_g+ range could be from -10dB to 20dB. This range may be in alignment with the

geometry range of a regular 3-sector cell.
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= 11(1/ (wm/f(Qres.s,n)wW2/4BH))) - Qffset O Rs- Qeffective,s -4- QHyst =
Qerrective,n - Qffset where -efffective,s is Mn(Qreas,s, BH) and
-efffective,n IS Mn(Qreas,n, QBH) [00122] The UE may use its previously
stored BH for each corresponding cell when calculating IR, and Rn above.
If no @BH is previously stored for a cell, the UE may ignore the @BN term
in the above equations. [00123] After the best cell is selected, the UE may
canp on that best cell and listen to the BCCH Via the BCCH the UE may
receive Edgemg RoenBshriig t he canped cel |. [00124] At this point, there may
be two different alternatives. In the first alternative, the UE nmay not

perform @g%q ﬁg‘?éﬁ&hbf?&nbm&s@ ﬁﬁi%c?er't@%bﬁﬁger $heldackes@ ik quaiity ifethebe

dependen 0 I neasur ement hru e Ined 1n 3GPP TS 36. 504. The received
N BH nj ) . . j t ; .
[00T25] ”%ﬁeré'h@r{ﬂaéva:‘@f’%%ﬁ%{oﬁugc%ﬁ’ﬁér@@ ﬁﬁg’ﬁﬁ%@%&%&v%@d&pﬁ%ﬁaﬁﬁ?ﬂ@?ﬁed
N BH ) i . i -
el 1y DroeninplBufis inadiigRrufthe sEr keRRR rBokg shaltesh i o,
stay in the current cell. |f a better c?ll i s, found h8 gE iswitt(ghto
] t‘%“?ra@é/’-'lﬂ?‘ﬁ

the new €®Tain imgptheaplawindeccanishaeli the sell sistste) berdated,q et ween
the signaling | oad and cell resel ection performance/sinpl.ici tyié}’?a"gébri d of

t he aboveeterinificnpadequaty baekhasiblink aualitheeuld beiibe Pasihaul lai Aug! ner at ed
by an eNB or an RN establishes a partial |ist of backhaul |ink quality.
Each cel belowanthneshold foe apmriziratimeipetiodi Anpther Batiadirrent ahdgtgrmininghe parti al
list mght only contain the RNs inside the sane donor cell, or the |ist

m ght bejnausiifd baokikul vk qualiptoalddes thaivarianceef thefbaBhisaul Tihke quality ted set
of RNs could be those RNs that are closest to the cell that transmts the

BCCH. [ ORiba8lreWhsar bhtertbin R oftind BRcdddfrig a tHresHdid ity sapieycdlifstatusto sed
cell ranking formula when performng the cell-resel ection ranking

procedur g, g?ﬂﬂg@, be‘ﬁxét?ﬁ@% tfrr‘e‘e'flekﬁn zce{(llBHHQd” infsIBAoRRMLSBE¥t tBfbhfed’c ah khis S

al ready 1n [1st, urther action may be needed on the UE

05 b B RTP ShR det E ELAES o e
descri pt g)gcr?( tgfnotrrrﬁgl gr?c? ist%%feegrt y c%ﬁ‘%a%"f%l is%é%vl/ Eén&ﬂ?ﬁr@s%ﬂt the relay node
could reset the cell status to unbarred. The relay node could inform the neighboring
cells generated by a RN or an eNB about the RN barring/unbarring status. In this
manner, the neighboring cells could allocate an appropriate amount of resources for
PRACH. This embodiment complements the above embodiments, and may be used in
combination with the above embodiments.
[00134] Another variation on this approach may be for a relay node to modify the ac-
BarringFactor and/or ac-BarringTime values contained in the RN’'s SIB-2. The
modification may be based on the backhaul link quality and/or cell loading. These two

quantities may be used to control the probability that a particular UE is able to access a

cell, and would thus be able to adjust the loading on the relay cell as measured by the
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[00129] In an enbodinent, the SIB4 nmay be nodified as follows (additions
are underlined and italicized): ASNL START System nfornmationBl ockType4
. =SEQUENCE { i ntraFregNei ghCellList IntraFregNei ghCellList OPTI ONAL, -
Need OR intraFreqBl ackCel | Li st IntraFreqBl ackCeltist OPTIONAL, -- Need OR
csg- PhysCel | | dRange PhysCel | | dRange
number of UEs camping on that cell. Accessing a cell may be similar to transitioning
from IDLE to CONNECTED mode, as described in Section 5.3.3.2 of 36.331.
[00135] Mobility for UEs in Connected Mode
[00136] The above embodiments were described with respect to UEs in IDLE mode.
Similar techniques can also be applied to the CONNECTED mode mobility procedure in
order to capture the backhaul link quality in a handover decision. Thus, the above
embodiments also apply to UEs in CONNECTED mode, such as in handover
procedures.
[00137] However, the signaling mechanisms may be different. For example, in
CONNECTED mode, the above defined parameters used to capture the backhaul link
impact may be sent in dedicated signaling to the UE. An example of such dedicated
signaling could be RRC messages, such as the measConfig Information Element. The
parameters may be updated via the dedicated signaling as well. The UE may capture
the backhaul link quality by applying a similar approach to the mobility measurement
procedure, as described above.
[00138] In another embodiment, possibly only the eNB or the RN may take the
responsibility to consider the backhaul link quality during the CONNECTED mode
mobility procedure, e.g., a network-directed handover procedure, as opposed to the UE
taking this responsibility. In this case, the UE may still behave as a Release 8 UE, and
thereby report the measured RSRP of the neighboring cells according to the
measurement control signaling. However, the network may consider all the backhaul
link quality information and may make the final decision for the handover decision.

Although this embodiment possibly may be backward compatible to Release 8 UEs, this
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OPTI ONAL, - Gond CSG g- Rel ayBackhaul Q Rel ayBackhaul Range OPTI ONAL,
Cond Rel ay

embodiment might not provide desired mobility performance because the measurement
trigger events on the UE side may not consider the backhaul link quality. Failure to
consider the backhaul link quality may cause false measurement reporting if it is event
triggered. This embodiment may use periodical measurement reporting from the UE
side.

[00139] The LTE Release 8 specifications defining the CONNECTED mode
measurement event configuration capability either are not able to handle measurement
event triggering, or may not handle such triggering properly in cases where including the
effects of relay backhaul link quality into the triggering condition is desirable or
necessary. In other words, different threshold values may be appropriate for a particular
measurement quantity, depending upon whether the cell being measured belongs to an
eNB or to arelay node. An alternative approach would be to maintain one single
threshold value for event triggering, while having the UE modify the measured quantity
for any relay nodes according to one or more of the embodiments described above.
[00140] When the UE performs a mobility procedure, the UE should choose the
appropriate cell. The appropriate cell is normally the cell with the highest link quality. In
a Type | relay network, the overall link quality includes a composite of both the backhaul
link quality and the access link quality. The embodiments described above provide
several alternatives regarding capturing the backhaul link quality in the mobility
procedure. A new offset or a revised cell reselection ranking formula is suggested. The
revised formula solution may give a more accurate estimation of the overall link quality,
relative to older procedures, while the new offset solution provides simplicity relative to
older procedures. Further, several alternatives are provided for revised formulae. A
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I ntraFregNei ghCel | Li st ::= SEQUENCE (SIZE (1..maxCellIntra)) OF

I ntraFregNei ghCel I I nfo I ntraFregNei ghCel |l nfo ::=SEQJENCE {

physCel | | dPhysCel I 1d, g-OfsetCell Q O fset Range,

g- Rel ayBackhaul Q Rel ayBackhaul Range OPTI ONAL, -Cond Rel ay

I ntraFreqBl ackCel | Li st ::= SEQUENCE (SIZE (1..maxCell Bl ack)) OF

PhysCel | | dRange ASN1STOP [00130] The exenplary IE

Syst em nf ormat i onBl ockType4 provi ded above contai ns nei ghbor cell related
i nf or mat $ystem dhfermaationaribgk, sach antSiB4 fmay be meydifte s descsibkbd @bova to hablé E
includes cells with specific re-selection paraneters, as well as

bl ackl i sthed/agielis emblo@Pdstts dbscritee abase. that QRN Bry i s the average backhaul
link SNR estinmation, the ORN Bfri range could be from-10dB to 20dB. This

range 8'?@1 ”I@{Hegéﬂﬁ%ﬁlm%%més@ﬁ 8F9H8Id ﬂlﬁé‘é‘ﬂ%ﬂf@f}(ﬁ‘ﬁh@H'@«ﬁMéﬁe%Ct or

cell. Barring 00133 | N anot her enb ment, in order to

consi der ét%rlpﬁ\%ggb%%rrjnltﬁ'é(v sfh?fctléb s@% &H Erqfe?ﬁﬁﬂlp!) ﬁez\tlj ”ﬁ[ 'nﬁn

a cell barring't nrque nay

qualltylsma uate or the c | o i S ab certain. e for a
dorta n 1R ERREER ggf%eetheiqﬂchh@? ”F%@”@Eﬂ‘r‘a oA a'?fPﬁag"

enbodi nent er m.n i nade te backhaul |ink uall u
backhaultolth‘ﬁb% th"? qoé‘]?q ;T}e;@s%r%tgg\,agcgsrﬁlggfmraal ﬂH\a ébéﬁﬁﬁ t\'grﬁé) ri od
Anot her enbodi nent of determ ning inadequate backhaul |ink qualit coul d be
t he var iAfagurgithe pecessdiok signal nm%nnaaqi then ansreibthat é\ﬂormﬁéwngoé@ V&i nhgeri od
of tinme exceeding a threshold. To set the cell status to be barred, for
exanpl e, Uk ket malydalcutadé tiBacellesiiedtionSriBriscacdordibg ta the equatibas defined | n this
case, UEs will not select or re-select to this relay cell. Once the

backhaulabiavek |iqaabihey embobimednt] an aNBna Ridcdulkitrabintima lishef redghbdraats agdi s
bel ow certain threshold, the relay node could reset the cell status to

unbarredncliﬁb@:rfﬁiaaustrm@d@smdn@b sigharr qudibes feitighbaridusbakhbsl ipRB@nhatord by a
RN or an eNB about the RN barring/unbarring status. In this manner, the

nei ghborddagss RhitsS aR@Wheh RhhRRiRkRt ASt t8RRE O forliSe BYEIUEGR d'é&%ﬁh'rﬁlﬁ@%elﬂ or

PRACH. This ermbodi ment conpl enents the above enbodi nents, and may be used

in combialdiBR . IRSePRMRCERBILIMRIM: She RN and/or eNB could receive a
measured access link signal quality from the UE, or alternatively directly measure the
access link signal quality, and then calculate the composite signal quality according to
the techniques described above. In this case, the RN and/or eNB could 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.
[00142] Figure 3 is a flowchart illustrating a method for calculating a cell ranking
criteria, according to an embodiment of the disclosure. Note that the flowchart only

shows one of the embodiments in the IDLE mode UEs. Similar flowcharts may be used
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[ 00134] Anot her variation on this approach may be for a relay node to

nodi fy the acBarringFactor and/or ac-BarringTime val ues contained in the
RN' s SIB-2. The nodification may be based on the backhaul link quality
and/or cell |oading. These two quantities may be used to control the
probability that a particular UE is able to access a cell, and would thus
be able to adjust the |loading on the relay cell as neasured by the nunber
of UEs canmping on that cell. Accessing a cell may be simlar to
transitiiorCOYNBECIAD Piddet UESEBNETTH: Metitod stowlemdFigired mayPection 5. 3. 3. 2
of 36.331. [00135] Mobility for UEs in Connected Mdde [00136] The above

enbodi mmptemeﬁedqt@aqév%%uwa@ ar@EERNt of fcddss rioaelsﬂbﬁnnmtﬂgur& Mahar,
techni ques can also be applied to t CONNECTED node nobil ity procedure in

Che. abovd RsAeEeL o 05 DY 2E SRR b e AR YRG FBod pidn
i 11 or orftBuRcE a&@%ﬁ%@%@%@ﬁ%ﬁiﬂf%S%feb%sts@%de R PP TR

used to ca ure the backhaul link inpact nmay be sent in dedicated si gnal i ng
to the n exanpl e of such dedi cated signaling could be RRC nessages,
such as the measConfig I nformation El enent. The paraneters nmay be updated
Via the 8HEL: Shesnaihed Meiposs cabiatngiRecalizantino SAISTRRER) s SRERMABE | i nk
quality by applying a simlar approach to the nobility neasurenent

pr ocedurcell, whewis ealculating isavasforined bydaking inta @cheuntatinsast asignal pedldy bf § onl y
the eNB or the RN may take the responsibility to consider the backhaul |ink
qual i ty hekhayg link dcCGNECTEBY node (Rbahd ay gocesenedae(blackd300)aThe process

net wor k- di rect ed handover procedure, as opposed to the UE taking this

r esponsitbirhinbtes therelaftes case, the UE may still behave as a Rel ease 8 UE

and thereby report the neasured RSRP of the neighboring cells according to

the meaqpoe4dnt TROUHORNSY, aRalacBéss mMRY 88 wdlltl diBéV&IpdntEaasribed al |
t he backhaul 1ink quallty information and nay nmake the final decision for

the handgyge, S&fH: HdAte &B@&e&ﬂgwh@ n@%ﬁ%hﬂefﬂapa F%Sdf@xﬁc% ﬁantae'ﬁwar d

conpati bl e to Rel ease 8 I ment t not e desired

mobi | weaﬁ;ct@» {ah%ﬁort?se&%%g ob Bl AR 0T 0B ALySfe WBoS e

not consl e bac ure nS|
backhaul n ual i t cause fa ment t|n it is event
Lri gger étaat *rﬁv@e%m& Rpanst 30 FRERIE TR PE bR TR rapefe rg from
the UE si . 1 The LTE Rel ease 8 specificati efinin
COI\INECTIQB‘ a‘ﬁ%&‘%?ﬁéh’ter@% Af %@H'Pi“éart Ptﬂ?eéa?f 1?% tbmﬁnge feéreﬁ’ot
abl e to handl e neasurenent event triggering, not handl e such
tri gger itAgs Freasdial pracessQdHt aierld), |”h%{5)[ﬁii3fﬂi'g4QQ1@'Q¥F fnedude nEtwer ay backhaul
link quality into the triggering condition is desirable or necessary.
ot her wsptBectyity devieas 420r ebomdaccaiss eemary (Eéd\é)oﬁ(bmeachodymmarydmwul ar
measur enent quantity, dependi ng upon whether the cell being neasured
bel ongs 440, secoriBriostotagead 50 laag immuetéoutput (HO) deviaes ¥80.aphesacémponeémtsbe t o
mai ntain one single threshold value for event triggering, while having the

UE nodi nyightheormmanicasiwibiant ianptHep vicdayus al7ey Imedes caeesrsbnigof thesge or
nore of the enbodi nents descri bed above. [00140] When the UE perforns a

nobi |'i t yoRipRaeis Ray hB?béJFrés'éﬁ%tdm‘éP%%rﬁﬁ]ﬁe@ﬁpﬁé?ﬂfds%%&ﬁéﬂonﬁﬂﬂ\ one
approprlate cell is"normally the cell wth the highest link quality. In a

Type | ﬁbﬁ‘?ér@ﬂn)ﬂﬂrdfh L d¥n O n?%rltotléﬁ%vrﬂuﬁn nﬁﬁty enbongéte&r?a bot h

t he back I't Nk qua |ty an e access ment s

describ ver ern S, L.

backhausgtgfeﬁ&{gsu I%m %ﬁ‘ﬁﬁé‘”ﬁ% ??/ pﬁ {{@&n; gﬂ%g%!ngg)o@gf&egﬁ.@& étgrt%'ew sed
cell reselectio fornul est ed he revised formul a sol ution
my of VeSO GRah B he BrasdhRor i M BRHBRSY by B PIoBRRSE AIDHGNE BBl  ve
to ol der procedures, while the new of fset solution provides sinplicity

rel ati vENe RrogesRar ‘Hrodeeceuweﬂomwﬁh 98, Or SR GMRANSEHBRWR 8 ﬁ?teSWV'Pded
for revised fornmulae. A systeminformation block, such as SIB4, nay be
nmodi fi ed as descri bed above to enable BRe vari ous enbodi nents descri bed
above. [00141] In the enbodi nents described above, different conponents in
a wireless network may performthe various functions described above. For
exanple, an eNB and/or a RN could neasure the backhaul link signal quality
and transmt that information to the UE. The UE coul d neasure the access
link signal quality, or the RNV eNB could neasure the access |ink signal
quality and then transmt that infornation to the UE. The UE then may
calculate the cell selection criteria according to the equations defined
above. In another enbodinent, an eNB or RN could nmaintain a |ist of




i n CONNECTED node UEs as well. The nmethod shown in Figure 3 may be
i npl emented in a device such as a UE, RN, or access node shown in Figures 1
and 2, or in a device such as system 400 as shown in Figure 4 below. The
met hod shown in Figure 3 may be inplenented using the techniques descri bed
with respect to Figures 1 and 2. [00143] The nethod includes cal culating a
cell ranking criterion (R) for a neasured cell, wherein calculating is
performed by taking into account at |east a signal quality of a backhau
| i nk bet theadraaingebagh asdealiditaNsigaaidracessoc €3SPhé02 Athagh tRBMSP 402 ispr ocess
term nates thereafter. [00144] The UEs, RNs, and access nodes, as well as
ot her cosmswens 8 sépardte l@@mp@h@methermshmoiznﬁigudse oot aREiing the preesdr t hat
is capabl e of executing instructions related to the actions descri bed
above. Figaire 4 illustrates an exanple of a system 400 that includes a
processi ng conponent 410 suitable for inplenenting one or nore enbodi nents
di scl ose i I Ny . 0 0 i ferred
@)Oq %gl &Bre (Sﬂ?o@é&b]: LB e&@c&%ﬂ)g{r&?tﬁo@%sé% S mcé%hfr‘%t? gﬁéf'all?ﬁ o

to as a tentr cessor unit or I'ncl ude

networ k connegctiyity, devices 42 random acces nor d only
rermor y (oM frb  mdaCRTeRs rortPagieted Colfiacn iy TETRRY ol MET R P8
460. The conponents m ght muni cate Wi th one angther via bus 470. In
sone cas‘z‘go,’ %ggﬁo ary ﬁ@égg%ﬁgéﬁﬁ@ﬁ'ﬂ gighlinelude M%”%‘géiﬁgaﬁ?é ?ﬁé@e'ﬂé SHE BB ned
in various conbi nations with one another or with ot her conponents not

shown. Thddligo fippRedisk, BiMtRubseribesddantity meddled icatd, or patjcal disk. @rethey, or in
nore than one physical entity. Any actions described herein as being taken
by t he pstotagesitavice)0Am appliciton erikdhernonpidepusalis smgrameode onay be stoyed he
processor 410 in conjunction with one or nore conponents shown or not shown
in the o amy offthesedeviass,cordingsgdnad offiegstdrage dedssoWHIBIP)y d2 CPAl 4Hbisgh t he
DSP 402 is shown as a separate conponent, the DSP 402 m ght be incorporated

i nt o t hesowart; eastsie HiésessO1ARY béRestrnC TRES WHIkONSEstidhe Pndynisd disclisseas,
codes, computer progranms, or scripts that it m ght access fromthe network

connect i yd paingexb&fed %gfb profde<h? One i A4Ons RiayIRcORZatad ShRltagsoushp (whi ch

m ght i nclude various di sk-based systens such as hard di sk, floppy disk,

SIM (s Ubs“ﬁ%illge&r dtksNidd ¥y BRE BLf'arguItféj(?gsingroc%s<9r9.t el prdésdsor 290 ﬁHWe storage

devi ce). ppl1cation or othe uter usabl e ‘program code ‘'may be stored

on any qfnsoﬁés]ﬁ%\?/\tﬁg%\rér{fﬁ%? r|r§6'§?§€§gﬁ‘?30t her storage device. Wile only one

CPU 410 S may be present. Thus, while

i nstructgd may, be di scussed .as bein cuted by a_processor, the

i nstr uctﬂogﬂ‘zslrra)% hﬁé'neg&g&fpgaegqv% I@&Wgﬁgéﬁﬁa%%k?étﬂ? {;Pr moc%fergrt)(ﬂeépw "BEAGN one
or multiple processors, The processor 410 nmay be inpl epented as one or nore
CPU chi ENkpOBHhegTet Heyioga ViV Rrsebeariel by (USE Linlariase desisetuseial RUSTRRES or m
of nodens, nobdem banks, Ethernet devices, universal serial bus (USB)

i nt er f adekereling dsvicesfibgr distituiteddaig intesliasa (FPRY drvigesewirelesp iacalig®dr i but ed
data interface (FDDI) devices, wireless |ocal area network (W.AN) devices,
radi o t rretwork (VérANRdédess, sadih transceider divides suchms cads! divisiooaadtipleDvA)

devi ces, global system for nobile conmunications (GSM radio transceiver
devi ces,aceess (DDNA )idevizes pgiobali dystem farmaobiler cosamenatiess(GIWMFadio devi ces,
and/ or other well-known devices for connecting to networks. These network

connect itirisieider dERSest AbriidE MdropeldbRitfo? GRisWave Heckos QAMAR) Galices) t h
the Internet or one or nore tel ecommuni cati ons networ ks or other networks

from whigH/drhnh e REIRRRON ﬂé.oicg% %}tco_rn%@tiir}ﬁ?tgi A RbARL ITRs@MmetworttionRettifty

processor 410 m ght output information. networ k connectivity deviCes

420 m I i f
20 I O RSy BB ol RIS SRR 8 01
e
that t i | h al | ] it ,t i f
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perhaps data that are read during execution of the instructions. Access to
both RAM 430 and ROM 440 is typically f¥ster than to secondary storage 450.
The secondary storage 450 is typically conprised of one or nore disk drives
or tape drives and m ght be used for non-volatile storage of data or as an
over-flow data storage device if RAM 430 is not |arge enough to hold al
wor ki ng data. Secondary storage 450 or may be used to store prograns that
are | oaded into RAM 430 when such prograns are sel ected for execution.

[ 00148] The 1/ 0O devices 460 may include liquid crystal displays (LCDs),
touch screen displ ays, keyboards, keypads, switches, dials, mce, track
ball s, voice recognizers, card readers, paper tape readers, printers, video



[ 00149] Thus, the enbodi nents provide for a device configured to calcul ate
a cell quality ranking criteria, wherein calculating is perforned by taking
into account at |east a signal quality of a backhaul |ink between a relay
node (RN) and an access node. The device may be one of a user equi pnent
(UE), RN, an access node, and a conponent in a network. The enbodi nents

al so include a nethod for perform ng the above cal cul ati on. [00150] The
foll owi ng docunents are hereby incorporated by reference in their

entiret i astwoRRcShedlivitydevicdd 420 kgt Tah@ﬁncﬂd&@ﬁﬁ@@ﬁﬁtd&e transdeildfRA, Physi cal
Layer Aspects' 3GPP; TS 36.300 v V8.9.0 (2009-06), "Evol ved Uni versal

Ter et f baoliast b5 capanicBY %Réhlnﬁxbdar%leﬂ ediiy ouns gibeickaif oot i al a0
Access Netvvor ; Overall description; Stage 2 (Rel R1- 092419,

re’ 56, 210 W%@C‘%’ %@thy§?§§ téiée?&%@%?é‘ﬁesa?@a?%ggm < Vaop
I'S 36.33] V8.6 Q.{2009- R GPP TS
36. 304 VBSEg R e SR R ed P phaRt (O Pl Aok §§?ﬁa%%f>§)“8"aﬁ%
Feadant M, SoYRE T YOG AL aaEe R Togr B B PRRGIG! o

storage device which can store data and from which a processor or other

el ect r onPictha sererdams storagei4edt ROMKAE0 snigbidheresrdtodgrednsiudiions @pfenent ed in
the formof a processor configured to performthe techni ques descri bed
herei n. perpapedstachahare reed doring gueadionef e insirdctionse dinsiege o kethiAMby
programm ng the processor with software, by physically designing a

pr ocesso43Q angh ROM K0 as fypidaily édster than td secondancstoeegya 460. hEhd secondarnan
application specific integrated circuit (ASIC), or by using other

t echni qusteraygel 45048 @ypicdlly dohgsiised lof bhe @r infbre Rigskadrives [0 Cdge’driveRi drel raigihe bel
enbodi nents have been provided in the present disclosure, it should be

under st ogghd BRhok I6IaHieStbRRRLI HkES 61Bs A SvaRidWeatRyrdiR vkedi RAM saorany

ot her specific fornms without departing fromthe spirit or scope of the

present. dicf|:AauERoudh RIS S Worig BBLE S @l bR ABrARNBIS! Ry 88 used to

illustrative a not“restrictive, I nt 1S not t [Tmted

comonenterenyofirtE Ml EhElsiup o %@ZP&Q V.V**né?‘anﬁn%r%ﬁa"‘?% %’r%e%ﬁ&é%é % n

features mag be omtted, or not inplenmented. [00153] Also t echni ques,

syst ens, E tem; and net hods described and illustrated in the various
enbodi ment s djscrete or separate nay be conbined or rated with
other oyBPIAR ThAUICASvica ARl uadicione [RH OB RATRD GELPHE PHERM: ne
scope of the present di sclosure. Qther itens shown or discussed as coupl ed
or di r ecdisRlays igyeenrds, kayiada wtahes, drishmicess tragk halls, n@ycedecogmmréc@arsi

coupl ed or comuni cating through sone interface, device, or internediate
conponeneadeiisepaper tape ceaders| printensedtiem imuaitors, oo other el Iviromn igptéoutetanpl es
of changes, substitutions, and alterations are ascertai nable by one skilled
in the advicesd Alsaltihe bhanseeieervd 25 aight e ransideged todre 4 bemppnenttof dinell/©cope

di scl osed herein. CLAIMS 1. A device conprising: a processor configured to
cal cul atgevites@ldo iAstahd of of REdditibretol Beihd atohffonannBfthil retverR donhgctivityi ng
into account at |east a signal quality of a backhaul |ink between a rel ay
node (RNjevitad 42y access node, wherein calculating the cell quality
ranki ng criterion includes using a conmon RN of fset val ue (QoffsetRN)

wher ei n hhpadial ¥6uQthd SRIHFHENS proviBgHH a §&ick ¥ahikfired (PEIGGkte a cell

quality ranking criteria, wherein calculating is performed by taking into account at least a
signal quality of a backhaul link between a relay node (RN) and an access node. The
device may be one of a user equipment (UE), RN, an access node, and a component in
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when the neasured cell is generated by the RN, wherein the val ue of
(QoffsetRN) is equal to O / - - when the neasured cell is generated by the
access node, and wherein (QoffsetRN bh 1 is a paraneter broadcast by at

| east one of the RN and the access node, and wherein the paranmeter is
received by the device. 2. The device of claim1l wherein the cal cul ation
Is perforned for at | east one of the following: a cell selection procedure;
a cell reselection procedure; and a handover procedure. 3. The device of
claim 1l aimetveirk. dakenddimgntstatsaiabludguanethpdrfanpeérfayming therabmvei ncl udes
using one of a fixed RN offset or a configurable RN offset. 4. The device

of cl ai nediculatigt ei n: the cell quality ranking criterion conprises a
first value, Rs, if the neasured cell is a serving cell, wherein the cell
quality [ombopg mélfélﬁfwlﬁ@dé&fm&ht%%'ie %eﬁ&ﬁﬂﬁébrﬁ@#a% b)Rbeer*efncé hetrféaasur ed
cell is nei ghbor cel wherein Rs is calculated according to

equat Onentﬁétles. %%ﬁﬁv. 1.6'0 SEurthdPH dvaRtENents for E-UTRA, Physical Layer
Aspects” 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),
“Physical layer procedures (Release 8)"; 3GPP TS 36.331 V8.6.0 (2009-06), “Radio
Resource Control (Release 8)”; 3GPP TS 36.304 V8.6.0 (2009-06), “User Equipment
(UE) procedures in idle mode (Release 8)".
[00151] The embodiments contemplate one or more computer readable media. The
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. The
embodiments hay 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.
[00152] 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,
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wherein R is calculated according to the equation: R = Qseas,n - Qoffset

- QffsetRN wherein (Qmess,$) and (n conpri se
ref erence signal receive power (RSRP) neasurenents used in cell reselection
for the serving cell and the neighbor cell, respectively, wherein (Chyst)

specifies a hysteresis value for ranking criterion broadcast in the serving
cell and received at the device, and when the frequency is intra-frequency,

(Qoffset) equa n;Qoffsets ) when (Qoffsets,n) is valid; otherw se,

( Qof f set §m€égwr@ en s natie hedimitetiite tnecdetails giventherein.r Equexample(m@fwa@eug
equals (Qoffsets n) plus (Qoffsettrell when (Qoffses,n) is valid,

ot her wi selemets drseamparnid saf Qefdopeiinect ociyntegratedén asothe) sysied omertainn
(Qof f set ,trennensy) is a val ue broadcast in the neighbor

cel | andfeatoes ey 8 ormhteddevmstemprinterftedt her wherein (Qoffsets,n) is a
val ue broadcast by the access node and received at the device; and

(Qof f set %)0%3] S Aisd! ?éd&'ﬁld%@aé%}%?éhs Dy PteRRCARIMBRRES @@gcﬁtﬁéaeér\‘c?iﬂuﬁl?até@e

devi ce. The device of claim4 wherein an updated (Qoffsets, n)

repl acedin‘-’thé DafoLemBbairRnR ad @%Elfe?gb%gﬁar%%g%yc%ﬁ{m&pmtegrated with

other systems, modules, techniques, or methods without departing from the scope of the
present disclosure. Other 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 device of claim1l wherein a plurality of (QoffsetRN _bh) values are
received froma plurality of different RNs, and wherein the plurality of
(Qof fset RN _bh) values are different fromeach other. 7. The device of
claim4 wherein the serving cell is an access node, wherein the neighbor
cell is a RN, and wherein the value of (Qoffsets,n) for each RNis

I ncreased by adding the respective values of (Qoffset S.The device of claim
4 wherein the serving cell is a RN, wherein the neighbor cell is an access
node, and wherein the value of (Qoffsets,n) is decreased by subtracting the
respective values of (Qoffset RN _bh) CciAe device of claim4 wherein the
plurality of RNs conprises a first RN having a first / (QoffsetRNbhl and a
second RN having a second (QoffsetRN bh) and wherein the value of _

(Qof fsets,In) i & denice earsgrdingy t he di fference of the second (Qoffsetand the

first Ribh, _ _first a Blgeé&lar con@i&)rfe& ?oeéa}culate a cell quality ranking criterion for a

measured cell by taking into account at least a signal quality of a backhaul link between a
relay node (RN) and an access node,

wherein calculating the cell quality ranking criterion includes using a common RN
offset value (Qoffsetgy) Wherein the value of (Qoffsetry) is equal to a value, (Qoffsetry ph),
when the measured cell is generated by the RN, wherein the value of (Qoffsetry) is equal to 0
when the measured cell is generated by the access node, and wherein (Qoffsetry_pn) is @
parameter broadcast by at least one of the RN and the access node, and wherein the

parameter is received by the device.

2. The device of claim 1 wherein the calculation is performed for at least one of the
following:

a cell selection procedure;

a cell reselection procedure; and

a handover procedure.

3. The device of claim 1 wherein calculating the cell quality ranking criterion includes

using one of a fixed RN offset or a configurable RN offset.

4, The device of claim 1, wherein:
the cell quality ranking criterion comprises a first value, R, if the measured cell is a
serving cell, wherein the cell quality ranking criterion comprises a second value, R,, if the
measured cell is a neighbor cell, wherein R; is calculated according to the equation:
Rs = Qmeass + Quyst — Qoffsetry
wherein R, is calculated according to the equation:
Rn = Qmeas n — Qoffset — Qoffsetry
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10. The device of claim1l wherein the cell quality ranking criterion

conprises a first value, Rs if the neasured cell is a serving cell, wherein
the cell quality ranking criterion conprises a second value, Rri, if the
measured cell is a neighbor cell, wherein Rs is cal culated according to the

equation: Rs = aRN*Qreas,s (QHyst wherein Rn, is calculated according to the
equation: Rn = CIRN*Qreas,n - Qoffset wherein aRN conprises a scaling
factor related to the signal quality of the backhaul |ink, wherein (o
-ness, s) and (Qreas, n) conprise reference signal receive power (RSRP)
m‘v‘ﬁsur eﬁemh‘é{mmeés@) a?ﬂl(bmera&&edrﬁ&tse@éfeffeaée §|§|Qal$®bwblb§w§|€(RSR@')ld the nei ghbor
ce respectiv ecifies Si S

Fanki no. e Eehs it ne rar s fgvbEceT aine eanvEaSnrRENEN ce,
and wher eiwhe(e@oC g bpedfies a hystbreeis tvhlaé for adinké® criteion Groagcdsbinuhesdreng aell

f d [-f wh i
the oar anétafebeii B0Re Abutd b Sk kPR TG eril 4 B bR iy s0ls e o'
br oadcast (@offﬂetsa)lwflﬂma(@nﬁépets(nﬁm{}d othédviseT((@ofttey) ieqealdteral ai m 1 wherein the
processor 1s SRR HIRNLLA, SRRl HEubabt Shofley T BBRKGRYL Ik auality

nmetrics relating to a corr 0 he devi ce of
claim 11 \é@@ffsétfraueﬁché\llﬁl\l(@affﬂeha)uis validngthenwisei (Gofised) eiusds ©offpati-secsb@edof 1) a

measur ed (RERNAR.S]. ) is'a8fafle FoBNE in R ﬁzgﬁcﬁféca&e&mhe device,
correspondi ng Y"an "aver ag back nal to noise ratio

estimati of" @r\@aﬁr@m (Qefisek oy @gai@mbrpﬁ@caﬂ\by tms acqsﬁe neds/ansreedived aitha 11

wherein tRheyitd:ahgi s received in the formof a systeminfornmation bl ock.

(Qoffset; ) is a value broadcast by the access node and received at the device.

5. The device of claim 4 wherein an updated (Qoffset; ) is replaced with a summation of
(Qoffsets ) and (Qoffsetry p).

6. The device of claim 1 wherein a plurality of (Qoffsetry_pn) Values are received from a
plurality of different RNs, and wherein the plurality of (Qoffsetry_pn) values are different from

each other.

7. The device of claim 4 wherein the serving cell is an access node, wherein the
neighbor cell is a RN, and wherein the value of (Qoffset; ,) for each RN is increased by

adding the respective values of (Qoffsetgy_ph)-

8. The device of claim 4 wherein the serving cell is a RN, wherein the neighbor cell is an
access node, and wherein the value of (Qoffset; ) is decreased by subtracting the respective

values of (Qoffsetry_on).

9 The device of claim 4 wherein the plurality of RNs comprises a first RN having a first
(Qoffsetrn_on) and a second RN having a second (Qoffsetry pn), and wherein the value of
(Qoffsets ) is increased by the difference of the second (Qoffsetry_pn) and the first
(Qoffsetrn_pn)-
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14. The device of claim 11 wherein the cell quality ranking criterion

conprises a first value, R if the neasured cell is a serving cell, wherein
the cell quality ranking criterion conprises a second value, Rn, if the
measured cell is a neighbor cell, wherein Rs is cal culated according to the

equation: Rs =1 /(W/Qmeas,s W/ QL3h) QHyst wherein Rn is cal cul ated
according to the equation: Rn = 1/ (W /Qreas,n w2/ Qoh) - Qoffset wherein
(no -neas, s) and (O - meas, n) conpri se
reference signal receive power (RSRP) neasurements used in cell reselecfion
for the seovn nq;he:@édlceaﬂdlatnmWh@teghh@eeu:@ahty rérﬁﬁ@&ﬁﬁérwbympmgwmvélabh)

conpri ses RN backha link q

conpr i g0 Bl DR Cieian i e ngilr whre D, e sivalLBnFind onigron EREFBES & vl e
for ranki sg:ood valag,i Ry, btheadkeaaiedicsll isanekbibui daf), Wiedréin R ¢ daktiztedetcatlinghe

devi ce, V"tBetan nagi ffset) is a value that varies according to whether a
frequency us gy ne of intra-frequency and inter-frequency. 15. The

devi ce of cl al m 11 wherein the cBl+agi@hddy @gaking criterion conprises a

first val %mﬁg@g& %ﬁ]g(igme éqﬁat?onser ving cell, wherein the cell

quality ran‘ﬁreng Crl I on co I°ses second val ue, R., I f the neasured
cell is a neighbor cell, V\/nerel Rn Reiri @méaaul-cﬁlbf&ieéd according to the

Caat | o0 RS o A bl 68 U b3} EREER b o)) -
Qof f set wherein (Qmeas, s) and (Qmeas.n) cOmMprise reference signal receive power (R
measurements used in cell reselection for the serving cell and the neighbor cell, respectively,
wherein (Qnyst) specifies a hysteresis value for ranking criteria broadcast in the serving cell
and received at the device, and wherein (Qoffset) is a value that varies according to whether
a frequency used is one of intra-frequency and inter-frequency, and wherein the parameter
Orn IS broadcast in a system information block over a broadcast control channel (BCCH).

11. The device of claim 1 wherein the processor is configured to receive a list of RN

backhaul link quality metrics relating to a corresponding plurality of RNs.

12. The device of claim 11 wherein the RN backhaul link quality metrics comprise one of
1) a measured reference signal receive power (RSRP) measured at the corresponding RN
and 2) an average backhaul link signal to noise ratio estimation measured at the

corresponding RN.

13. The device of claim 11 wherein the list is received in the form of a system information
block.

14. The device of claim 11 wherein the cell quality ranking criterion comprises a first
value, R if the measured cell is a serving cell, wherein the cell quality ranking criterion
comprises a second value, R,, if the measured cell is a neighbor cell, wherein R; is calculated
according to the equation:
Rs = 1/(W1/Qmeas,s + Wo/Qun) + Qpyst
wherein R, is calculated according to the equation:
Rn = 1/(W1/Qmeasn + W2/Qun) — Qoffset
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wherein (0) and (0-nmeas,n) conprise reference signal receive power (RSRP)
-nmeas, neasurenents used in cell reselection for the serving cell and the
nei ghbor cell, respectively, wherein (Qoh) conprises the RN backhaul 1ink
quality netrics, wherein W and w2 conprise weighting paranmeters, wherein
(gym specifies a hysteresis value for ranking criteria broadcast in the
serving cell and received at the device, wherein (Qoffset) is a val ue that
vari es according to whether a frequency used is one of intra-frequency and
i nter-frequency, and wherein (f) represents the Shannon capacity fornul a

[f(SNR) =whegd((@+2NRhhd @[ HRioRFHiBs fefdteMRRynaDetsiRpdviEe (RBIRPY 0 a parti cul ar
Fepr osent BEEHEITRIR FEd Aol RESHAR TR MEeaspaed 19 APBTRTS P ISRt R, 1
or an i nvehsreinr@ppeorgprises thetfie baikRadildink fuealiyandtiicsvaereMus abe w, basipdseon t he
From the. SRS TRREM e FRIT (B cPerisy = D™ B S lRBT b 2 "
wher ei n t breadasist in thesdeinting cedirahil nepetved bethe davicn mpeiege@dfisét) isstvalugitoad, R i f
the meas u\r/aef%s %gclolrdiﬁgsto%vr%ﬂ{e\lg'?r\%gﬁﬁ*gb u%!‘i@ Iroﬁé tgﬁhttl]f—fr&g.lelncyg% ii’\fe}[-fr&?t@ﬁl:@g

criterion conprises a secon e neasured ce s’ a nei ghbor
cell, wherein Rs is calculated according to the equation: = Qeffectwe,s

oo e, e dS o el (haGEIGLAS Ay Wi BB iy B SelY o0 e
(Chh), whete, Rs (f the-megsueastael is, agerdomprll weereintike ellfivaiiitrarkinggriteipRas, n) and
(Cnh), Vm&fn@dri@eé £second value, R,, if the measured cell is a neighbor cell, wherein R, is calculated

according to the equation:

Re = £(1/(W4/f(Qmeas.s) + W2/f(Qun))) + Quayst
wherein R, is calculated according to the equation:
Ry = £(1/(W1/f(Queas,n) + Wo/f(Qun))) — Qoffset

wherein (Queas, s) and (Qmeasn) cOMprise reference signal receive power (RSRP)

measurements used in cell reselection for the serving cell and the neighbor cell, respectively,

wherein (Qy,) comprises the RN backhaul link quality metrics, wherein w, and w, comprise

weighting parameters, wherein (Qys;) specifies a hysteresis value for ranking criteria

broadcast in the serving cell and received at the device, wherein (Qoffset) is a value that

varies according to whether a frequency used is one of intra-frequency and inter-frequency,

and wherein (f) represents the Shannon capacity formula [f(SNR) = log,(1+SNR)] or

represents a mapping from the SNR to a particular MCS set based on predefined MCS

mapping tables or curves, and where (f") represents the inverse of the Shannon capacity

formula [f"(SNR) = 25"*-1] or an inverse mapping from the SNR to the particular MCS set

based on the predefined MCS mapping tables or curves, or an inverse mapping function from

the SNR to the spectrum efficiency.

16. The device of claim 11 wherein the cell quality ranking criterion comprises a first
value, R, if the measured cell is a serving cell, wherein the cell quality ranking criterion
comprises a second value, R,, if the measured cell is a neighbor cell, wherein R; is calculated
according to the equation:

Rs = Qefrective.s T Quyst

wherein R, is calculated according to the equation:
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, heas, s) and (0 --neas,n) conprise reference signal receive power (RSRP)
measurenments used in cell reselection for the serving cell and the nei ghbor
cell, respectively, wherein (Qui) conprises the RN backhaul link quality
metrics, wherein (Qhyst) specifies a hysteresis value for ranking criteria
broadcast in the serving cell and received at the device, and wherein
(Qoffset) is a value that varies according to whether a frequency used is
one of intra-frequency and inter-frequency. 17. The device of claiml
wherein the signal quality of the backhaul link is received fromthe RN

18. The device of claim1l whereiR, %b@mﬁggnabmqmality of t he backhaul i nk

he f f b Liti f
o ur ol 1ty oprel g S iee® 1Bk Rln of Ghrera RE K HarEhAR-rer conpri ses
one of: th@ByiSRs@eamdm&m@‘s{@maqdesd (@bs)l weerehe(Qsa;r;)ad@(Q},rease)siompnaethr eshol d
nunber of . Ose%ﬁ%‘é‘éﬁie m‘?SRéﬁb%bé{s%ré orfd bse@‘?ﬁééﬂrr@?eil tlmr%dse?\ﬁ

nodes; or t lven range 1o a servi Servi ng t
devi ce. gell armitiee pRighboecelf regpeptine!y. Svharrin € QOI’T@FI?ﬂSdb%BNdJ’aCK@Uf mktOtméhty

confi gur eghefris, We?é?ﬁ {(thst) EEécheg ‘é@lybt%)ésfs%me'?& rﬁﬁl@%eéji‘tgr% t}?fai%%tgstq}?th%he si gnal

qualities of the l'1nks received in t gartla and wherein
if a gi ve?feryn@ﬁ%uar\ﬁdawwey apihealeyice.anddierain(@ofisethis 4 valueribatyaties ansoming
previ ousl 4 Heiepd fidalidricRlsdd iSbne bhﬁtréiﬁweﬁqt @Asaﬁtenﬁe&uéhwer action. 20.

The device of claim 1l wherein when the signal quality of the backhaul 1ink
i s inadequate for a given cell, thereafter the device will not select or
resel ect 10 t MEheddewizB of 8him 1 wRérelth@sugﬁaqua:tpchtﬁé B oRhdul Whieis pédaivel &Bmt he

si gnal %|I of the backhaul link is inadequate for a given cell, and

al so whentfY devi ce receives a transmission that the given cell is barred,
thereafter the device will not select or reselect to the given cell. 22.
The devic

f ¢l aj 1 f f
T e oL Bl SIS EL A5 PR 865 0L e RIS e
t hat are foon bf dpayal listrof baekhsil ginkabualitesfrort y pafralityhef RiNsckdizackedsi moldes and
vt ue conneBh iieRaa R0 Ryl e RE A AN Aol dBaan b e B Dol o7
cell; a threshold number of RNs and access nodes relative to all measurable RNs and access

nodes; or those RNs within a given range to a serving cell serving the device.

19. The device of claim 18 wherein the processor is further configured to perform a cell
quality ranking procedure based on the signal qualities of the backhaul links received in the
partial list, and wherein if a given signal quality of a given backhaul link is included on a

previously stored partial list, the device takes no further action.

20. The device of claim 1 wherein when the signal quality of the backhaul link is
inadequate for a given cell, thereafter the device will not select or reselect to the given cell.

21. The device of claim 1 wherein when the signal quality of the backhaul link is
inadequate for a given cell, and also when the device receives a transmission that the given

cell is barred, thereafter the device will not select or reselect to the given cell.

22. The device of claim 1 wherein the processor is further configured to receive at least

one of a barring factor value and a barring time value that are both based on the signal
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23. The device of claim 1l wherein the device conprises one of a user
equi pnent (UE), a RN, an access node, and a conponent in a network. 24. A

nmet hod i npl enmented in a device, the nmethod conpri sing: cal cul ating
a cell quality ranking criterion for a neasured cell by taking into account
at least a signal quality of a backhaul |ink between a relay node (RN) and
an access node, - wherein calculating the cell quality ranking

criterion includes using a common RN of fset value (QoffsetRN) wherein the
value of (QoffsetRN) is equal to a value, (QoffsetRN_bh), when the nmeasured
cell is gqoanyadsfenb backhdLe lifkiNand\Riedreinihd SBeastbiieofatie h4d BEbRMIud sneegial to 0

ure S e access node, and wherein
Cot 1 set RRPBRS PS5 B ahe piobaiif TRE kercRiigs aiciageomng SBENEAL RN and ¢ he
access node, and wherein the paranmeter is received by the device. 25. The
h f el ' h | | I K
et o o 28! PRSI SO e DALk el el KR Bl €7 0"
The met hoBNo&n etessneie, ind 4 henpaenpiniagietwprkr ecei ving a list of RN backhaul
link quality netrics relating to a corresponding plurality of RNs. 27. The

met hod of claim 24 wherein the signal quality of the backhaul link is
recei ved #4.om Ameetirid impgientedn ardevies thsfmethed cordtisinger ei n t he si gnal

quality of thece@&ﬂ%ﬁh@'&\lce %t%rﬁnl{rﬁ}f@rlté’rﬁﬂf r%rh%ﬁsuté?f I‘B tkirldaht a@!:ou’ni %t of

backhaul |ink qualities r €ss no

wher ei n t KastFasignahaualityof a@éﬁﬁ\awsl@% b@tﬁ@eoa relay pede (RN aaqhan 8eqses §°dﬁ3des
inside the 5an\'ﬁh&@lﬂ%ﬁlcmgilr{gth@célfﬁﬁﬁ@%r%r@%bn ﬂfclu%uéﬁ@ja a&hRmes Ripdes

relative to all neasurable RNs and access nodes; or those RNs within a
gi ven ran@fgsef welue Wﬁtﬁ@ W(‘E'@'lefn @%W@'Pﬁ@f WS@WI'SC@W' to a value, (Qoffsetay_on),

when the measured cell is generated by the RN, wherein the value of (Qoffsetgy) is equal to 0
when the measured cell is generated by the access node, and wherein (Qoffsetgy _ph) is @
parameter broadcast by at least one of the RN and the access node, and wherein the

parameter is received by the device.

25. The method of claim 24 wherein calculating the cell quality ranking criterion includes

using one of a fixed RN offset or a configurable RN offset.

286. The method of claim 24 further comprising:
receiving a list of RN backhaul link quality metrics relating to a corresponding plurality
of RNs.

27. The method of claim 24 wherein the signal quality of the backhaul link is received
from the RN.

28. The method of claim 24 wherein the signal quality of the backhaul link is received in
the form of a partial list of backhaul link qualities from a plurality of RNs and access nodes,
and wherein the partial list comprises one of: those RNs and access nodes inside the same
donor cell; a threshold number of RNs and access nodes relative to all measurable RNs and

access nodes; or those RNs within a given range to a serving cell serving the device.

29. The method of claim 24 further comprising:
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29. The nethod of claim 24 further conprising: when t he signal

quality of the backhaul link is inadequate or when the cell loading is
above a certain threshold for a given period of time for a given cell,
avoi ding selecting or reselectng to the given cell. 30. A device

substantially as described herein with reference to the acconpanying
drawings. 31. A nethod inplenented in a device, the nethod being
substantially as described herein with reference to the acconpanying
dr awi ngs.

when the signal quality of the backhaul link is inadequate or when the cell loading is

above a certain threshold for a given period of time for a given cell, avoiding selecting or
reselecting to the given cell.

30. A device substantially as described herein with reference to the accompanying
drawings.

31. A method implemented in a device, the method being substantially as described
herein with reference to the accompanying drawings.
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