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

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

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

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

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

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

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

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

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

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

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

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

point, or a simlar conponent Itional base ation. As
et vior , CRAND 2BphcEBh  ARBRRy IR Rion LR RahCatil SPERAASIR Bhr Wit " o; °20
and tr anSHL e e, Bralfer SpeptuRarE e Jriolt il deties fiat Bete striGher
" ol o PRt sk Bk B
under stood that an access node may conprise a plurality of hardware and

sof t war e NetRrkpppliances.PTheteror Uitircapraise refsr tp @oy fiardwarg ofseliwarenpl et e

under st andi ng of this disclosure, reference is now nmade to the follow ng
bri ef desemppnentthattcandarnminateane@vmunication bession foc acspaniisagthétermsigs and
detail ed description, wherein |like reference nunerals represent |ike parts.
“user agent,” “UA,” “user equipment,” “UE,” “user device” and “user node” might be used
synonymously herein.
[0002] As telecommunications technology has evolved, more advanced network
access equipment has been introduced that can provide services that were not possible
previously. This network access equipment might include systems and devices that are
improvements of the equivalent equipment in a traditional wireless telecommunications

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

wireless communications standards, such as Long-Term Evolution (LTE) and LTE-
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[0004] Figure 1 is a diagram of a conmunication system according to an
enbodi nent of the disclosure. [0005]Figure 2 is a diagramof a

comuni cation system according to an enbodi ment of the disclosure.

[0006] Figure 3 is a flowhart illustrating a process of using a backhaul
link quality to determ ne whether to performa procedure selected from one
of cell selection or cell reselection, according to an enbodi nent of the
di scl osuevan¢aD(LTE-AY Urar exaimple; snrlditesr latE-Axsystene mightdbesarsEvotvedhat

i ncl udes a processing conponent suitable for inplenmenting one or nore

enbodi nenyrivetssl depresttiahRadionAccoEd Netvidpk TESOMRAN) a4ifd include an E-UTRAN node
B (or eNB), a wireless access point, or a similar component rather than a traditional
base station. As used herein, the term “access node” refers to any component of the
wireless network, such as a traditional base station, a wireless access point, or an LTE
or LTE-A node B or eNB, that creates a geographical area of reception and
transmission coverage allowing a UE or a relay node to access other components in a
telecommunications system. In this document, the term “access node” and “access

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

comprise a plurality of hardware and software.

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

reselection, according to an embodiment of the disclosure.



[0008] It should be understood at the outset that although illustrative

| npl enment ati ons of one or nore enbodi nents of the present disclosure are
provi ded bel ow, the disclosed systens and/ or nmethods nay be inpl enented
usi ng any nunber of techni ques, whether currently known or in existence.
The di sclosure should in no way be limted to the illustrative

I npl ement ati ons, draw ngs, and techniques illustrated bel ow, including the

exenpl ary _desi gns and inmpl enentations illustrated.and described herein, but
may be niﬁqmﬁed @mvrﬁi%'\'ﬁ@?%%@xwpéﬁ %ﬁya&%h@?m%% aPoESML h their
full scope of equival ents. [|0009]As used throughout the specification,

cl ai ms, &ampengitsuitablerfer impleraenting ane eramerg aMbedimepts disglospddisreiRi ti ons.

Unl ess stated otherwise, all terns are defined by and foll ow the standards
set forth by the Third Generation Partnership Program (3GPP) techni cal
specifications. [0010] "ACK is defined as "Acknow edgnent,"” such as an
acknow edgenent signal. [0011]DETAILEDDESCORIBHIGN "Channel Quality

I ndi cator.™ [0012] "EPC' is defined as "Enhanced Packet Core."

{00141~ E R e P v en i ver ol Jorestr sl Radio Access
Net wor K. "implementations of one or more embodiments of the present disclosure are provided
below, the disclosed systems and/or methods may be implemented using any number
of techniques, whether currently known or in existence. The disclosure should in no
way be limited to the illustrative implementations, drawings, and techniques illustrated
below, including the exemplary designs and implementations illustrated and described
herein, but may be modified within the scope of the appended claims along with their full
scope of equivalents.
[0009] As used throughout the specification, claims, and Figures, the following terms
have the following definitions. Unless stated otherwise, all terms are defined by and
follow the standards set forth by the Third Generation Partnership Program (3GPP)
technical specifications.
[0010] “ACK is defined as “Acknowledgment,” such as an acknowledgement signal.
[0011] “CQI” is defined as “Channel Quality Indicator.”
[0012] “EPC’is defined as “Enhanced Packet Core.”
[0013] “E-UTRA’is defined as “Evolved Universal Terrestrial Radio Access.”
[0014] “E-UTRAN"is defined as “Evolved Universal Terrestrial Radio Access
Network.”

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



[ 0015] " HARQ

i s defi

Evol ution, "
syst ens,
Evol uti on,
prot ocol s,
as "Mdu
Managene

[0022] "

ned as

PLIVN'
[0017]

is defined as

Advanced, "
systens, and/or software newer than LTE. [0019]

LRy s At R e mationddements o

is defined as "Public Land Mbile Network.'

"Hybrid Automati c Repeat Request.™
"Information Elenent."” [0017]"LTE" is defined as "Long Term
which refers to a set of wireless comunication protocols,

and/ or software. [0018] "LTE-A" is defined as "Long Term

which refers to a set of wireless comunication

"MCS" is defined
|s defined as
"Non Access Stratum'

[0016] "1 E

"Mobi l'i ty

“LTE” is defined as “Long Term Evolution,” which refers to a set of wireless

oommunication protocols, systems, and/or software.

[0018]

“LTE-A” is defined as “Long Term Evolution, Advanced,” which refers to a set

of wireless communication protocols, systems, and/or software newer than LTE.

[0019]
[0020]
[0021]
[0022]
[0023]
[0024]
[0025]
[0026]
[0027]
[0028]
[0029]
[0030]
[0031]
[0032]
[0033]
[0034]
[0035]

“‘MCS’ is defined as “Modulation and Coding Scheme.”
‘MME?” is defined as “Mobility Management Entity.”
“NAS’ is defined as “Non Access Stratum.”

“‘PLMN?” is defined as “Public Land Mobile Network.”
“‘RAN" is defined as “Radio Access Network.”

“‘RAT” is defined as “Radio Access Technology.”

“RF" is defined as “Radio Frequency.”

“RN" is defined as “Relay Node.”

“‘RRC” is defined as “Radio Resource Control.”
“‘RSRP" is defined as “Reference Signal Received Power.”
“SGW” is defined as “Serving Gateway.”

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

“SR” is defined as “Scheduling Request.”

“TAU" is defined as “Tracking Area Update.”

“‘Un” is defined as the interface between the RN and the donor eNB.

“Uu’” is defined as the interface between a UE and a RN.

The embodiments described herein relate to techniques for improving UE

mobility procedures in at least a Type 1 relay network. Specifically, the embodiments
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[0023] "

as " Radi

RAN' is defined as "Radi o Access Network." [0024] "RAT" is defined
0 Access Technology." [0025]"RE' is defined as "Radi o Frequency."

[0026] "RN' is defined as "Relay Node." [0027]"RRC' is defined as "Radio
Resource Control." [0028] "RSRP" is defined as "Reference Signal Received

Power . "
defi ned
Request .

[0029] "SGW is defined as "Serving Gateway." [0030]"SNR' is
as "Signal to Noise Ratio." [0031]"SR' is defined as "Scheduling

" [0032] "TAU' is definped as "T Ki A .
pro[vide te]chniques for tak?ng in{za accomsmt cc{rr?goslitggené-ﬁ)?erycp 3835 to noise ratios

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

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

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

data to fail.



[0033] "Un" is defined as the interface between the RN and the donor eNB.
[0034] "Wu" is defined as the interface between a UE and a RN. [0035] The
enbodi ments described herein relate to techniques for inproving UE nobility
procedures in at least a Type 1 relay network. Specifically, the

enbodi nents provide techniques for taking into account conposite,
end-to-end signal to noise ratios with respect to RNs and correspondi ng

access n wh f ) ) c r bility. pr,ocedures

el ude DRI g o ForAEMHtodt £83F ik b bk BHE Wikeiols SobbsfiB BiRe T or
UE. [003§] 1 n-networ it hoyt RNs _ nornall njy one W reless connection is
est abl i sﬁkﬂﬂg(ﬁ’\gr eﬁ’%ﬁ %‘?j??tmsdfra@aﬁf:ﬁ@?]émfeeﬁdﬁlﬁﬂ#dyW"PRQ"E} ‘EB‘P &Edﬁabf t he
net wor k, which mght be an EPC. In the follow ng description, we use the
EPC as afessyigthe quaiias.afthe sigRals fioppihe neary,access @odes. andithenselegidbei bl e
as well. The one wirel ess connection is typically the wireless |link between
t he UE amacassdagesticthabest signal iquality sor sele:t thenacaess nede baseden seme t he
access node and the EPC is usually hard wired and has good transm ssion

char act eother citeriae Thereforectell selestiohidr reselestionmay benbased en thenink fuality
channel conditions. [0037] However, in networks with RNs, nultiple wreless

links m pbtwden the UEbandineeNBiwhes IUE i inIDLE Mddeh athierBhhigae biaydsh bdie core

network, such as the EPC. For exanple, a UE might wirelessly connect to a

RN, whi chsédy i handvet ProeeduiteSitfer! e UE RGATONNEETEDIbEE. t hen connects

to the EPC. Additional Fgls or access nodes mght also be present in this

chain. apghdofic FPAEHIdAIWHE m%%rﬁfggm%? Wguaﬁggﬂetmégﬁbﬁé $he SA4ARIN L1 e

awrele nk i's e hed, sig ecore an rssue due to
vari ous W

o o RS R R ah i S RSB BB B L o
o o o Bl SR § AR BreS o o ShSRB e S oh G s, S
efficie ”Sa’én, )(/) gm%\r/\S rz]all %acct;lgsisnrgodters%%rgﬁg im?gnhtorfot gsotv%et t(r)1efb6éistI overall signal

quality in terms of moving data back and forth between the UE and the EPC. The

overall signal quality may be affected by the signal quality between an RN and an

access node. The overall signal quality may also be referred to as the composite signal

quality. For a UE connected to an eNB, the composite signal quality is the signal quality

of the wireless link between the UE and the access node, for example the eNB. For a

UE connected to a RN, the composite signal is the overall signal quality of two wireless

links. One wireless link is between the UE and the RN and the other wireless link is

between the RN and the access node.

[0041] The link between a RN and an access node may be referred to as a backhaul

link. The signal quality of the backhaul link affects the overall signal quality between the

UE and the EPC. For example, even if the signal quality between the UE and RN 1 is

very good, if the signal quality between RN 1 and eNB 1 is very low, then the composite
6



[ 0039] For networks wi thout RNs that have only one w rel ess connection
between the UE and the EPC, the selection of an access node is relatively
sinple. The UE may neasure the qualities of the signals fromthe nearby
access nodes, and then select the access node with the best signal quality,
or select the access node based on sonme other criteria. Therefore, cell

sel ection or reselection nmay be based on the link quality between the UE

and the eNB when, UE is in IDLE nD Thj.s . technj que may al so he used for
The_handswBal rybEamimeen A UEIINENE § 1 ket S el HOMYH SER0) 15 50Rel vor ks
with RNs and/ or multiple wireless connections, the selection_of an access
node or gquality betweasrthehlEcand BN 2 isrmedioers; i thersignahqualitydetwegroRNfband

addi tional conplexity is because a RN providing the best directly

measur ableNBs1 ignadry goed,ithen themognpdsite signabgualibydeatwead thNJErdngeNBIdt  pr ovi de
the best overall signal quality in ternms of noving data back and forth

bet ween {theoudh RN Q) hizgy bestter tearnthe lotthdr congposite gigabl dqualitebetheemtfeagiEed by

the signal quality between an RN and an access node. The overall signal

qual ity BRY eNBSP(thughfRHgd to as the conposite signal quality. For a UE
connected to an eNB, the conposite signal quality is the signal quality of

For & LEINRlocr 9 e Lore bapaud i Sifa i e SomOSu o Gl =
A anct’« Ret igkhabb sERBnoNSty. B tirtileip soriReld sOfRLRARYi ol o oc ™ 1"

[0041] The |ink hetween and access de be referred tp as a
backhuul NepReayiEe KRReeT G 2Bress oK Sner Budftkdnd B Brehpu ik Sonal Overart
signal quality_between the UE and the EPC. For exanple, even if the signal
qual i ty Baihkeheehniaugs fondeterminingthe cotnpgsiRisional qualityarg givendielgWt y bet ween
RN 1 and eNB 1 is very low, then the conposite signal quality between the
UE and ef@#9048]i s As & easpltiof thepassible exisienee of eadured bagkhauklinksignal guality.ya
between the UE and RN 2 is nediocre, if the signal quality between RN 2 and
eNB 1 i s Ukethat gumses ($alects reselectp oari andstayer) a BNaonly basest arethe aceesdlibkand
eNB 1 (through RN 2) may be better than the other conposite signal quality
bet ween tigaaldualityomeailBotlchddse dhey hodd either & @dédsshmdefdr aRN pfeading todlek haul
link signal quality on the conposite signal quality is not necessarily

st rai ght bestsniposfte sighaPgidliey bétheeh BUE 4rRl the ERC. Ripddsiblé thabfie best
necessarily the lesser of the access link signal quality and the backhaul

link si gg@éraflfiAk i tb})ésgam}aassyfaﬁrewwr§i|aw89aéd&sqﬁm@ﬁ£|t®aﬁiy9mich

quality are given Del
could still be higher than the composite signal quality if the UE is connected to the

selected RN. It is also possible that the best overall link might be generated by a
different RN with a lower access link signal quality, but which connects to a chain of
links having a better composite signal quality. The embodiments described herein
provide for techniques for allowing the UE to choose the RN associated with the best
composite signal quality, thereby improving data throughput, transmission quality, and

spectral efficiency.



[0043] As a result of the possible existence of reduced backhaul |ink signal
quality, a UE that chooses (selects, reselects, or hands-over) a RN only
based on the access link signal quality nay not choose the node, either an
access node or a RN, leading to the best conposite signal quality between
the UE and the EPC. It is possible that the best overall |ink mght be
gener ated by an eNB with a | ower access link signal quality, which could
still han t.he osite si naI aI| i f th UE i s connected to
The. sel ol FigltS; (1S 3 GRBE ohiBea et acroRipg o #hi i ghe  be
generated by a dlff rent RNwth a |ower access |ink si naI uallt but
whi ch coﬁﬁ@@@@?’ﬁ%ﬁ@rﬁﬁfﬂowel Cormynication system ﬂé‘? reRs $ 8@ 59 hgefiire
quality. The enbodi nents descri bed herein provide for techniques for

al | owi ngof aRLTE-A 8ysieose the RN associated with the best conposite signal
quality, thereby inproving data throughput, transm ssion quality, and

spect ral [0045] ci RN.is a[device]tRatfacilitatiesi @mmdhiagimim an ebiBRMNs, generatly,
system according to an enbodi nent of the disclosure. Conmunication system
100 r epr ear bedividedintthteecgroups:ddyerrt RNE-1dyer\2sRES) andiR¢éd 3 RNSN A myer tlevi ce
that facilitates conmunication with an eNB. RNs, generally, can be divided

into threm gagBes r éﬁt%rtﬁlatﬁﬁ‘&el raty&sratsNescered Sighéewitholtny A | ayer 1 RN
may be a repeater that merely retransmts a received signal W|thout any

modi 11 catideicalisiPotheh Hanmblific aRfiod¥ibiPeiiHt Belay S'AlﬁQéré’RNaéén Al ayer 2

RN can a transm ssi on ecel re-encode/

modul at e ge&%d%ielf Hg ée %?r?ngrﬁdﬁgfgnQHat rﬁ%ﬁe&ﬂé T térf?‘ﬂﬁ&? ﬁ\g&t{ﬂ&(ﬂﬁg Vés% Oteo‘? dat a.

A Iayer 'O resource con capa I'es and can thus

function,simlarly to.,an access, node di res e C tr rotocol s
used by thedecaiinoy ahd HERETERY thm%déﬂ%s@aa% Riaveea e iwupafi B R
may have a unique cell identi tg @1 used, by an access node "l ayer
X" RN |sr%°§fqer@ﬂtr§h‘é%mq igs an 13?% ug: u fonesimilasie Anaccess HOES. Ih?QN is not
a Type 1 RN, in fact, a Ty 1 RNis functionally simlar to a |layer 3 RN
Type 1 Rradrer@ou@&mrtrebprpﬁ)pcglseaﬁegrbmm manbedne spmeA§]these usedddydlt pose of
this disclosure, a RN is distinguished froman eNB or other access node by
t he fact actass rdeJ\amdathei RN mayhkave 2 urique celf identitydygicallyrused iy asraaseser
access node (and the cell associated with that access node) and possibly
ot her RNmolle Ackagesx’®Mds distmguistedifrom a “AypekeRNMFAoniexamplena Iayes RN issuch
as a MVE/ SGW Additionally, for the purposes of this disclosure, the term

"eNB" i snopi Typer RN ih factd Yy 1 RV Rl fusstionalesibilar foud 1ayes® RYTYwf £r to any
type of access node suitable for comrunicating with an MVE/ SGV or a

corrponenhmfargraegmbfgaqﬁ@rﬁg,k@étapgagw [0047] In an exanple of operation of

a RN, UE 102 comrunl catés wth GW 104 via RN 106 and eNB 108. In
t I
Poth enptioder™, ke W%%%@%%’%ﬁé@ﬁ s UeiGuisliod o ArcarBer & ??ace,

Sueh e %ﬁcef%wdsé‘&‘ég P T A cEghites obe BreRafiRb 8 bt kSt onB B B o 10n.
LR suBroBg nadl (50 e AR HssoSrtea vt Bt Ackest nppeladd possibiy Biner RREKS, oni

eNBs, such as eNB 108 and eNB 116. The eNB 116 nmay be in communication with
a di ff er afEesHAthescpMRanentsdn aglecommuniaations aystam; uch 2% MMEGGWas the S1
interface identified by the phantomline. If the RN 114 is connected to eNB
108, t heAdditienally, for faenpurposes ofthisntisclomirexthe ke @NB tie neldinited taeonbrarcel | .

In an enbodi ment, eNB 108 and eNB 116 may communi cate with each other, for
exanpl e, “esolvetimodiB,! hutaléamayirdfento anyetype wf abeedsi nodecuitabletfomg eNB 108 and
eNB 116.

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



[ 0049] The above exanpl es describe eNBs servicing only one or two RNs;
however, each eNB nay conmunicate with nore or fewer RNs. O her
arrangenents of the identified conponents are possible, and nore, fewer,
different, or additional conponents nay be present. [0050] RNs are one
exenpl ary nechani smthat 3GPP LTE- Advanced has used to further evolve the
LTE RAN. In LTE-Advanced (LTE-A), relay technology is used to inprove
average cel |l _throughput and enhance ce coverage. Further, t i gl usi on
of RNs i 0043 L1eap expaple:ofiepesatian erﬂéﬁdgg @rc%"ﬂ'@”‘b'ﬁ?tﬁﬁ%@ '@ﬁéé‘% ciently
extending the UE' s batterg life, of increasing UE throughiggt and of

ext endi ng04aia RNA06rangeeNB [1085 i) particdar, Uk 102 cormmupicataswighiR, 106, which
inclusion of RNs is that calculating the overall signal quality between the
UE and t liretubfVEdrB@0hicatesowith eNBt 108, ivichtie tyrn communicstesiwith MMBIS@Ne1 04
comuni cation |ink. For exanple, while the connection between the MVE and
the eNB ivia 4 intdifage)éuchchd thelS 0htepfacd idpntified by tHepharntgndihe gHiaWeverea of the
i nk between the UE and the access node, the |ink between the UE, and the

RN and t i IsuBk a8 /2B cblR dRMhrAlRichidaiiredify Wl aRldNB)&atth be eNB #08)si der ed

when det erm ning which access node or RN a UE should attenpt to connect to

or canp g@b@g{i e aﬁo{ﬂéﬁa“bbﬁin?érﬁ%%@ﬂ §u%ﬂ\/9é)UEi {12, eaae%ufrﬁmétéwmﬁ fe"

selectio | resel ection, handover, or nore genera , any nobi y

[
P oc e o i SV AR R0 TSR GRS R R Aiche "o
AR BRI I Rt T T S

communi cati ons_systens, nultiple backhaul Irfinks rTﬁy %l gt Af additional RNs
are bet wAMME{SREWsueh as MME/SGWV 18, viaandpisriacg, quchagithe 8! intgifaes p o
backhaul |inks could potentially exist as well. Qther arrangenents are al so
possi bl e jdextified by He phaniers linet iﬁ/the i1 thisrqonngetad de B 118, then the sekbnt

di scl osure. [0052] In an exanple of determ ning which eNB or RN a UE shoul d
connect tgenetdiedliyeNB 108may begaiddo R the dondrasallv dn antembadiment2elNB 08
connect to or canp on either eNB 108 or eNB 116 via RN 114. To determ ne
whi ch comnd@NBM G rayeohanirtieate mithresthmteerafdr example, viathe M2yintegface

exam nation may be made of the signal quality between RN 114 and eNB 108

versus t higerfiified By titid donneetingbeNBRugehd eNBI1¢6B 116. [0053] I n anot her
exanpl e of determ ning which eNB or RN a UE should connect to, UE 110 may

have two éﬁ%ﬁ?agegahe-r%v@éxﬁh;ﬁé%é&ﬁbé ems‘géﬁ&h%bnw}{é%rttwbﬁﬂé SoRerl 08

and t he olce is to connect to the RN 106 and then the RN 106

connects d éﬂéﬁ% rﬂgmg‘ﬁmnm & Gthmror YU GTRGE ORI AnBBRRARIGE ihd1e OPLT mum

t i
overal | qu or spectrumefficliency, an exam nNation may be nade

bet ween these two diff nt _cornect erhadi t.S ri bed herein
ol at o SRORL HemaR Y SR oPea Al e, Ioer AMBrE RAEERY | noce

measur enent s. L0054! I 9 a?par icular non-limting enbodi nent, any of RN 106,
RN 114, RRMpgHenigm 4 sﬁﬁ{/ be Type 1 RNs. One of the enbodi nents
described herein relates to handling a UE | DLE m)d% n;$0 ilitg% groce ure in a
Type 1 r d0080InetRNs Rrawpne exeplanumerhanism dhal AGHRA LITErAguanged has ys en a
donor eNB and the Type 1 RN. Another one of the enbodinments described

herei n r dlrtherevolvetaetiTE RAN. WH- TSxdvancml (d EARbelay taohnplogy ésuges tosuch as
a handover procedure in a Type 1 relay network, while considering the
backhaul improvegvetdageycel éhroeighput ahuirenhaabdicelhcovdnagelyiparthier RRe inclgsiemoft her

one of the enbodi nents described herein relates to handling a UE transiting

from | DLIRN®mehé 0 TELR sESTBINGEEIFG inefided forahd pposes of efficientlyexténdihg the
considering the backhaul link quality between a donor eNB and the Type 1

RN In s Bhtiery IifToP fcretirg UERRRBGMDER, ahdbf eliénditigeelPcoVerage, of Layer 1,
2, or 3 (rugsays, nd t he techﬁr% gues o?ﬁ?ﬁe pr esent digcl osureﬁdrr%/ght be
enpl oyed in any case.



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

- epr osenfOP, et A Ry Brbsthied s or Rk Rinde G didlinedng, .
possi b 3%%%’[1‘@@@?&@%@&5&&th“éellitétanﬂipe M BT Corthalet et uni cat  on

bet ween UE 202 and sone other UE (not shown [0056] I n_an enbodi ment, LTE-A
ext ends BeEasenes of mere iepe g5e somsmaicationliink: Rer exaapls, whilg the oeenesion o

provi di ng support for relaying as a tool to inprove a variety of aspects of
wi r el essbetweenithe MNioanditheeNBiisigfterua wiked linkof geed qualitytee sigoalgjudlitiegh dat a

rates, group nobility, tenporary network devel opnent, cell-edge throughput

and/ or pobthedink betwWeendthe Uthand theranoess nade, thalidobetwed tmeUE, anditheHRN204 i s

wi rel essly connected to a donor cell of a donor eNB 206 via the Un

i nt er f acgnd fHlinkibebVders PlRTRN lanid tthe BB MY dPAesd B bdr€onditdrad ahkace. [ 0057]
The Un connection rmay be one of two or nore types. One type of Un

connecti g eﬁﬁhrﬁﬁ\nemlbﬁ abedd nodsYr Al a UE‘ shéld atteMprRcddnfBet thidp CQME dr? RN

Ilhnkdmay share ﬁarre frequency band wth direct eNB to UE |inks within
ioﬁt of P4 ﬁfﬁdéconn& .°3%¥@?h‘§ﬁ°¢dﬁvﬁ%%ﬁﬁfésqﬁ°m FreigonbbelElenidre 2 h
058 T
32;E%“§BZ§?$ aoaari'ré?g%he%@vﬁf& ppiy biSosdy %@%&Lh'%%%&%ﬁ P‘%’E%(%k ARl R
TE- A C ' '
char ot epiboREST Vr“nBeéﬁfenene H‘ngﬁ‘f p%&ea&@g@%‘%ﬁﬂ%‘m%@%&% s not
nmeant to be I|mt| n&\gnd pe RN coul d instead have an out of band

backhaul as ferggeess li 'dfbﬂ‘eﬂ@ detwernithe RN and the eNBHBaY be tefgiipd kh9sacal cel
I dentification and either a partial or conplete RRC protocol stack. A Type
| RN coubackhaublinkayHoweyeRriother aysey maué)lelusednmmtlpaal YoforanaremempleN nay
appear to a UE as a separate cell

communications systems, multiple backhaul links may exist if additional RNs are

between the UE-accessed RN and the eNB. Still further, multiple backhaul links could
potentially exist as well. Other arrangements are also possible, all of which are within
the spirit and scope of the present disclosure.

[0052] In an example of determining which eNB or RN a UE should connect to, UE
112 is connected to RN 114; however, the UE 112 could connect to or camp on either
eNB 108 or eNB 116 via RN 114. To determine which connection presents the
optimum overall signal quality, an examination may be made of the signal quality
between RN 114 and eNB 108 versus the signal quality between RN 114 and eNB 116.
[0053] In another example of determining which eNB or RN a UE should connect to,

UE 110 may have two choices. The first choice is to directly connect to the eNB 108
10



di stinct fromthe donor cell. Each cell may have its own physical cell

i dentification, defined in LTE Release 8, and the RN may transmt its own
synchroni zation signals, reference synbols, and other information. In the
context of single cell operation, the UE may receive scheduling information
and HARQ feedback directly fromthe RN, and send its own control channels
(such as SR, CQ, and ACK) to the RN. The Type 1 RN nay appear as a Rel ease

8 eNB to Rel ease 8 UEs, thereby estaplishi back d atibility For
LTE- A UE@nd hergerond cheicads toganaget tgithe ﬁtﬁ&??n‘g Wée Eé‘!cgég%"@e& ojthe or der
to allow for further performance enhancenents. [0060] |DLE NMode Mobility

Pr ocedur eblF 188 1To detetrainewhichicensnegtion praseatstibe optimum qyesall sigral ayalityion

provi de for techniques for inproving UE nobility procedures in a Type 1 RN
The enbodpestnim effizienay,san damipalioremiay beanade betwees theseftwe différenigh for t he
sake of exanple only, the procedures for |IDLE node nobility procedures are

descr i bedonhédlion§.s PR enibodihydits desiibed[HEPER rélEterto methodsand/or ddlidesrfode may
i nclude two steps: cell selection, and cell reselection. Wen a UE is

pover ed giuidand (Btodchbsd nisksibhéntsel | based on | DLE mode

neasurenents and cell selection criteria. The term"suitable cell" as used

e e 9 R B BRI CBIRR TR 0 of ol
o S Roan M T TR ok B BB o R 1
terms ar %a(ri‘&f"{gng 6Ealf)-LESr%cliee Vmobility procedure in a Type 1 relay network while
considering the backhaul link quality between a donor eNB and the Type 1 RN. Another
one of the embodiments described herein relates to handling a UE CONNECTED mode
mobility procedure, such as a handover procedure in a Type 1 relay network, while
considering the backhaul link quality between a donor eNB and the Type 1 RN. Yet
another one of the embodiments described herein relates to handling a UE transiting
from IDLE mode to the CONNECTED mode in a Type 1 relay network while considering
the backhaul link quality between a donor eNB and the Type 1 RN. In some other
embodiments, these RNs might be Type 2 or any of Layer 1, 2, or 3 relays, and the
techniques of the present disclosure might be employed in any case.
[0055] 'Figure 2 is a diagram of a communication system, according to an
embodiment of the disclosure. Communication system 200 may be a simpilified
communication system relative to communication system 100 of Figure 1 and used to
more readily illustrate the present systems. In Figure 2, UE 202 communicates with RN

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

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



Cell Selection RX | evel value (dB) |andevieas Measured cell RX | evel val ue
(RSRP). Ondevmin Mnimumrequired RX | evel in the cell (dBnm) ndevm noff set
O fset to the signalled Qhdevnin taken into account in the Srxlev
evaluation as a result of a periodic search for a higher priority PLWN
\IQE:\/}& canped normally in a VPLMN Pconpensation max(PE vtax - PUMAX, 0) (dB)

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).

[0056] 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
connected to a donor cell of a donor eNB 206 via the Un interface. The UE 202
connects to the RN 204 via the Uu interface.

[0057] The Un connection may be one of two or more types. One type of Un
connection may be “in band.” For an “in band” connection, the eNB to RN link may
share the same frequency band with direct eNB to UE links within the donor cell.
Another type of Un connection may be “out of band.” For an “out of band” connection,
the eNB to RN link may not operate in the same frequency band as direct eNB to UE
links within the donor cell.

[0058] The 3GPP specifications such as the TR 36.814 provide that at least Type 1
RNs are part of LTE-A networks. A Type 1 RN may be an in band RN having
characteristics described in the following paragraph, aithough this is not meant to be
limiting and a Type 1 RN could instead have an out of band backhaul. A Type 1 RN can
be defined such that it has its own physical cell identification and either a partial or

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



Maxi mum TX power |evel an UE may use when transmtting on the uplink in the
cell (dBnn) defined as PEMAX in [TS 36.101] PUMA( Maxi mum RF out put power
of the UE (dBm according to the UE power class as defined in [TS 36. 101]

[ 0063] Regarding the step of cell selection, the UE may use one or both of
e follow ng cell selection procedures. One of the two cell selection
procedures is initial cell selection. This procedure uses no prior

know edge regardi ng whi ch RF channel re E-UTRA carriers. The, UE, may scan
all RE clgeel s Acalironiolsery BNaS 140Ny FRPeeb ' ALELE 3 3pRRIS Wls t o
find a suitable cell. On each carrier frequency, the UE m ght only search
for the distinetdenm thedanor calb cEachcelt mpy bavejts ows physicdl cell identification e cel |
may be sel ected. [0064] The other of the two cell selection procedures is
to use stefima inifTé& Release 8cand thedRN maydransTiit its pwio synhivenization signals:d
information of carrier frequencies, and optionally also information on cell
par amet efrgferdnc@ Byimbols, ans bther fermatidn mbather combext of singledell iopérationt the E

el enents or frompreviously detected cells. Once the UE has found a

sui t abl e e8] decéils stiediitg FftbrasdtiohmdHAR@ITEEdISRK! direblly fiomahé RibbAdeehd i s

found, then the initial cell selection procedure described above nmay be

started. |et§ Q %%ﬁ%hggﬁgfsl(sﬁ&?% SRL el arddl RCR? fethe TGP THE Tife RIFG ATHY €S for

| DLE node. en ca n'a ce the UE may fegularly seafch for a nore

col 1 1 Leeﬁﬁéér,a%f%g%@:ﬁg Snédﬁ%??&%&e%%??'% 'itﬁ’é#sf@ b6bighing %f%’é"‘h‘?esﬂkt ?3: Ie
. [0066]...| - UTRA | - i - RAT
et act eompamIy Foy LRI GER e Iyu d roh niAv4nneE ottelFny By e FelFasillor ot o

priorities of different EUTRAN frequencies or inter-RAT frequencies may be
provi ded eN® lm%d@émaﬂowﬁ@fgsﬂa@re?ﬁﬁmeﬁ%waﬁncsmq -t he RRCConnect i onRel ease
message, or may be provided by inheriting these frequencies from another
RAT at i 1(@Q60] RATDEE Mode MahilityProcedurrs ection. [0067] I n the case of
intra-frequency and equal priority inter-frequency cell

[0061] As described above, the embodiments described herein provide for

techniques for improving UE mobility procedures in a Type 1 RN. The embodiments
may also be applied to other types of RNs, though for the sake of example only, the
procedures for IDLE mode mobility procedures are described with respect to Type 1
RNs.
[0062] UE procedures in IDLE mode may include two steps: cell selection, and cell
reselection. When a UE is powered on, the UE may select a suitable cell based on
IDLE mode measurements and cell selection criteria. The term “suitable cell” as used
herein is a cell on which the UE may camp to obtain normal service. A cell may be
considered “suitable” if the cell fulfills the cell selection criteria “S”, which is defined by
the equation:

Srxiev >0

Where
13



resel ection, a cell ranking procedure may be applied in order to identify
the nost suitable cell. The cell ranking criteria nay be defined as Rs for
serving cells and may be defined as "Rs" for neighboring cells (also known
as the cell reselection criteria R). These terns may be defined by the
foll ow ng equations: Rs = Qrneas,s+ Hyst R = Qreaso Qoffset where QVOCI S
RSRP nFasurenent quantity used in cell reselections. Qof f set For

i ntra-frequenc Equal to Qoffsets,s,. ffsets,s. is valid, .otherw se
hi 5 equal's 1 oSPURCE rdevingeer (DPUATERC QPReTANORISI R BRRTRatER .

QO f Sett requency, |f fSetsmis valid, otherwise this equals to

QOf f Set f Thesseterms @F§ defined as:

Srxlev Cell Selection RX level value (dB)

Qrxievmeas Measured cell RX level value (RSRP).

Qrxievmin Minimum required RX level in the cell (dBm)

Qrxievminofiset Offset to the signalled Quevmin 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]
[0063] Regarding the step of cell selection, the UE may use one or both of the

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

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

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

When camped on a cell, the UE may regularly search for a more suitable cell according
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Specifies the hysteresis value for ranking criteria, broadcast in serving
cell systeminformation [0068] The UE may performranking of all cells that
fulfill the cell selection criteria, S. The cells nay be ranked according
tothe Rcriteria specified above, deriving Qreasin and On" and
calculating the R val ues using averaged RSRP results. If a cell is ranked
as the nost suitable cell, the UE may performcell reselection to that

cell. 06 Lonal restriction resel ec In an
O o LS 3o S ok el Rt i W SRe e,
conditions are net. First, the newcell is better ranked than the serving
cel l durFﬁjbﬁ$¢ﬂﬁe¢hY@KWHEt°$$EE%¥bcr|onRAr Second, nore than one second
has el apsed since the UE canped on the current serving cell. [0070] Type 1
Rel ay Ba{0066]I Ln the caselof 5 UTBANLintarfrequencynand interiRAT nelf teselectiervi ng RNs,
when the UE connects to a RN, two-hop radi o conmuni cati on occurs, rather
than a t priohityibased redelagition briteria alyobe appiiedl disolute piorties>ofidiffesent E-

communi cation froma UE to a RN and fromthe RN to an eNB invol ves two

Wi r el ess UTHIN fra§uéshtRassrinteRRAAFaHlehdick Py @ Providdd th the?UEGAEhe SyRieih

|nvolves only one hop. Milti-hop comuni cation includes tmo or nore such

hops. ﬂﬁ&}na%n%r ﬂh‘éﬁ@ﬂc@@ﬁﬁé‘oélohh% \éérn?éésa%éé 'Bl? rhay B¢ ween the

eNB and the UE nay e not on epende nt on t |nk quallty bet ween the RN

33& |t P; E\E\[em%ﬁ{éﬁé?r hggncﬁédé:ﬁirﬁ zﬂﬁ %aﬁh he bac ég%#'%ﬁ Eése'i_’él:h&ne 'k
o " e i Bl b il 11
end L oend o b énk.ggtg?m%gggg@g © Aot PUEkat ¥ isndiohld gogeked by the
suitable cell. The cell ranking criteria may be defined as R for serving cells and may be
defined as “R,” for neighboring cells (also known as the cell reselection criteria R).
These terms may be defined by the following equations:
Rs = Qmeas.s + Qyst
Rn = Qmeasn + Qoffset

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

otherwise this equals to zero.

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

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

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

ranked as the most suitable cell, the UE may perform cell reselection to that cell.
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[0073] I n general, the backhaul |ink should be relatively good. However, in
the case of nobile or nomadic RNs, the backhaul link quality may becone
worse and may al so be tine-variant. In one enbodi nent, an end-to-end SNR
for two-hop radi o conmuni cation may be derived as shown by the follow ng
expression. The end-to-end SNR for two-hop or nulti-hop conmuni cati ons may
be referred to as a conposite signal 16 quality, because both the backhau

e Rl APl a3 b AR, a3t e
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 “Tresetecionrat - S€cond,
more than one second has elapsed since the UE camped on the current serving cell.
[0070] Type 1 Relay Backhaul Link Quality
[0071] Ina communication network having RNs, when the UE connects to a RN,
two-hop radio communication occurs, rather than a traditional single hop radio
communication. For example, communication from a UE to a RN and from the RN to an

_ eNB involves two wireless hops, as opposed to communication from a UE to an eNB,
which involves only one hop. Multi-hop communication includes two or more such
hops.

[0072] As discussed above, the overall link throughput between the eNB and the UE
may be not only dependent on the link quality between the RN and the UE, which is the
access link, but also may be dependent on the link quality between the eNB and the
RN, which is the backhaul link. For example, if the link quality of the access link is very
good, but the link quality of the backhaul link is relatively worse, then the overall end-to-
end link quality is not good. The link quality is bottlenecked by the backhaul link, in this
particular case.

[0073] Ingeneral, the backhaul link should be relatively good. However, in the case
of mobile or nomadic RNs, the backhaul link quality may become worse and may also
be time-variant. In one embodiment, an end-to-end SNR for two-hop radio
communication may be derived as shown by the following expression. The end-to-end

SNR for two-hop or multi-hop communications may be referred to as a composite signal
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Idtaul _link [0074]In equation 1, SNRaence_nk - is the SNR over the access

link, and |i SNRbacknauuink is the SNR over the backhaul |ink. From
equation (1), it is seen that both the access link and the backhaul |ink
m ght contribute equal weight to the overall link quality. In the fixed

rel ay case, SNP, -
-oacl di aul Ji nk changes very slowy, nostly due to the shadow ng effect

h o | SNR- - .ch { i | £t
ShRacces Sty et Balihe BaERRRL iR Hard SuHHY 08 e et Lok boRALARIRL T he
SNRa | i nk,. The UE. ' both of the RN NB
reacur gl UREHBASTRTRG G ST ONR . Thus.  the UE may perf orm ¢ he
cal cul ation of SNRend.th.end (the conposite signal quality) according to

equation 1. Alternaijwely, any other cbnponent int Lk, including
the RN, eNB, or EP ,R/ﬁéyf-ec’m (ul atg the SNRepci - -ekﬁqﬁ%ﬁ&%g as the

conponent either neasures or m SRS U er nt of the values of the
[0074] Inequation 1, SNRaccess iink is the SNR over the access link, and
SNRpackhaut_ink 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, SNRpachaul_ink changes very slowly, mostly due to the
shadowing effect change. In the mobile relay case, SNRpacknaul_ink may change at a
similar rate to SNRaccess _jink-
[0075]  In one embodiment, the UE may directly measure the SNRyceess_iink. The UE
may receive from one or both of the RN or eNB a measurement report of the
SNRpackhaul k- Thus, the UE may perform the calculation of SN.Rend.to.end (the composite
signal quality) according to equation 1. Alternatively, any other component in the
network, including the RN, eNB, or EPC, may calculate the SNReng.t0-end SO lOng as the
component either measures or receives a measurement of the values of the
SNRaccess_iink and the SNRpacknaut_iink. Other techniques may be used for calculating or
using the SNReng-10-end, SUCh as but not limited to those described below.
[0076] A UE connected to a RN might use two-hop bandwidth to complete one
transmission, compared with a one-hop transmission if that UE is connected directly to
an eNB. A UE might receive a higher SNR from the relay, but the total amount of

resources used for two hops, the access link and the backhaul link, could be larger than

a single hop transmission on the direct link from the UE to the eNB. From a spectrum
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SNRacnns fink and the SNR-- - ackhaul _I'ink O her
techni ques nay be used for calculating or using the SNRe"d to.end, such as
but not limted to those described bel ow. [0076] A UE connected to a RN

m ght use two-hop bandwi dth to conplete one transm ssion, conpared with a
one-hop transm ssion if that UE is connected directly to an eNB. A UE m ght
receive a higher SNR fromthe relay, but the total anmount of resources used

for two h th he backh t han

<i'nol o nBERPekBRPEE RN e U Sy sBeB R0 et bRorEBeRdne RS om e
t f t of the UE shoul d sel ect de that not

only. pr oSNReUwEcHHisb aefleve the idhost Spediut AMGiRGY: IRameghESMesbdse i

efficiency. In an enbodi nent, the bandw dth used on two-hop transm ssion
may be dbandwigiteusedan twerhandransreissios swydie derivedras(tise fotiowingoexpression: 1 |

f (SNRbacki taut Fnk) Where the function f represents the Shannon capacity
formula: f(SNR) = | 0g2BW}, + .SNRY /(SR 7], )mpmgf(m L Lbogdi ment, the function
f may be a mapping fromthe SNR to the particular MCS set based on

predefi n@ﬂ F/é:ﬁ S a correspondi ng
spectrumerircie ggﬁ@gﬁ‘?@n"s ﬁtsﬁh%%ﬁg%ﬁ@wﬁ% ﬂ\%%ﬁqﬁe function f may be any
mappi ng function fromthe SNR t?( WR% slpec(Hg,m ;affl ci ency.

0g,

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

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

derived to be equation 2, shown below:

- _ 1
end to—end — f 1(/B end to—end ‘fl 1 1

F(SNR ey 1) S (SNRyois )

(Equation
2)

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

in some cases because the effective spectrum efficiency that the UE receives might be

18



[0078] The final equival ent end-to-end SNR for two-hop radi o conmuni cation
can be derived to be equation 2, shown below. =r YB we"df 1 11

bottienecked 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:

SN Reud ~to—end = min(SN Raccess_link ? SNRbaCHW“I _link ) (Equation 3)

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

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

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

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

reselection criteria based on backhaul link quality can be used to control the RN loading.
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f (SNRi" . )+ f(SNRbackhad unk) (Equation

[0084] IDLE Mode versus CONNECTED Mode requirements

[0085] In an embodiment, the requirements for a UE in IDLE mode versus a UE in
CONNECTED mode may be different. For example, power consumption for a battery
powered UE might be an important criteria, because the UE may be expected to spend
a certain portion of its time in IDLE mode. Therefore, selection of the access node or
the RN with the best observed SNR, on the direct link between the UE and the access
node or only on the direct link between the UE and the RN, may be desirable in order to
facilitate both the decoding of downlink transmissions and the transmission of uplink
transmissions.

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

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

UE and the time required to acquire system information.
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2) Were the function f-1 represents the inverse Shannon capacity formul a
ri(x) =21 -1., the mappi ng between the particular MCS set to the SNR based
on predefined MCS mappi ng tabl es.or curves, or any mapping function from
the spectrumefficiency to SNR [0079] I n anot her enbodi nent, the end-to-end
SNR m ght sinmply be the mninumof the link quality of the access |ink and
backhaul |ink. This approximation m ght be used in sone cases because the
effective spectrumefficiency that the UE receives m ght be bottl|enecked
by the | [0988] ng Theabovestiteriamay brcensidered whenihe WEHS N IQLkmedes fBeaccess
link. In this case, the end-to-end SNR is defined as: SNRes w end =

m n( SNRafollowing critirimay pe Equsidered veher] theddf issn SFONNECTERmGdal ity in the
Mobility Procedure in a Type 1 Relay Network [0081] Wien the UE perforns

t he nobi [0089] pr dtarayibe priferabletferd adlHineCOBINECEED mudecdo fninimize the amdunt

resel ection or handover, the UE should choose the nost suitable cell. The

nost sui ppjatehcy fittodused By BBY Multi-Rep Mrelesyiinks 6Ver oPeTr ntsTEIRNG &td/bil ¢NBs
quality, according to the equations defined above. [0082]Currently, in LTE

Rel ease ?e'&gggﬁu#ﬁtlgﬁﬁséiﬂéﬂﬂ@?e&&%tﬁ@éibné infrodGIAY Firthed Ritehay). bRREg 0n the

measur ed _ s procedure works well in single hop commnications. In
o hoh RRETHRSAL Aol PlaeHinb Bobilin Hebtiaoey, oe, cors der e
L okt A G (Y T oAl e B b P 4
Lhe. UE o8eier AT BEreie mak kayadisiaryices iapact Bn I LI Bl iorotig ety the.
generat e iy of & RNs' backnaul lnk may bé taken i consideration i this dada. ©E4u" €

[0091] From the above criteria for both IDLE and CONNECTED mode for a UE, in

one embodiment, it may be preferable for a UE in IDLE mode to choose one particular

Release 10 access node or cell, while the same Release 10 UE in CONNECTED mode

and with the same network scenario may prefer to choose a different Release 10

access node. This situation may not be an issue in E-UTRA Release 8 (LTE) network

deployments where the backhaul link quality need not be taken into account for cell

selection or reselection, since RNs would not be present. However, this situation may

be advantageously addressed in E-UTRA Release 10 (LTE-A) network deployments

where RNs may be present.

[0092] The embodiments described herein contemplate at least four approaches to

dealing with general mobility procedures for UEs (such as cell selection, cell reselection,

handover procedure, etc) in multi-hop networks where the backhaul signal quality

should be considered. These four solutions include IDLE mode cell reselection,

CONNECTED mode handover, handover immediately following transition to
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[0083]1In addition, load leveling in a RN nay be proportional to the
backhaul link quality. For a weak backhaul link, it nmay be desirable for
fewer UEs to be canped on the RN. Otherw se, as soon as the UE goes from
| DLE t o CONNECTED node, significant signaling nay be necessary to hand-over
the UEs to other cells. Cell reselection criteria based on backhaul 1ink
quality can be used to control the RN |oading. [0084] |IDLE Mbdde versus
CONNECTED Mbde requirenents [0085] In an enbodi nent, the requirenents for a
UE i n | DOONNEE TEDMODE, angime eselogtiRn prgy  ertaring SONNECHED
exanpl e, power_consunption for a battery powered UE m ght be an inportant
criteri amodec &ash of theseRppeoaches ingiseissed fvtusipend a certain portion of its
time in | DLE node. Therefore, selection of the access node or the RN with
t he best [0093¢r vdDLENbYdeoCGell Resélection | i nk between the UE and the access
node or only on the direct link between the UE and the RN, may be desirable
i n order [§094{ aciFor UEsan IDLE nidae, theasatkhguldihk daality ohRNsmagbe tkeiidoand t he
transm ssion of uplink transm ssions. [0086] A UE in |IDLE node may only
make ocCashdidethtioPby tHe ddl@é&léc%hcﬂ?&eow&hB?%ﬁirﬁgaﬁb acbodheBadkPauRinkat i ons
and tracking area updates. The anount of cell resources consuned for these
transm sgj I Lited } ! i teency (due
%%NS? of RNs Pfhe b eya ﬂg@ﬂﬁégw E{eéyabr"]é ?églgﬂ@hed ﬂ%r@%ﬂ% Sﬁégrdnﬂ thé

to multi commuhi cat 1 ons , SO a ackhaul 1ink
quality e | . CO [ ' e ni pagi ng
Teasages b ed) redRRapR ey doY gt S RSl TRCARY. el
information. Both of these qperatio .be facilitated. choosi ng the
access nSRREtYM ﬁﬁcﬁ‘?%"laﬂg’eﬂﬁ’@%"?p' g‘ﬁ%‘éﬂf‘g ; epﬁ%%ﬁncgwg%gﬁﬂ&@,ay RQ
retransm ssions may not be possible faor pagi ng nessages, so a higher SNR
hel ps t odetesmined aceerdingde thr egdations stefined 88@@- 7§ w@@gﬁéﬁh@ tephniqygsthat
received. In addition, a higher SNR reduces the use of possible HARQ
conbi ni nyilldie adilvappareot towne skilled imthel artindight offhisclisalesuresr n r educes t he
power consunption at the UE and the tine required to acquire system
i nf or mat [0095] [ @iBBlecldd-Malde\Handaveeri a may be considered when the UE is in
| DLE node. The following criteria may be considered when the UE is in
CONNECTEo098Yie. For a UE in CONNECTED mode, the backhaul link quality of relay nodes may

be taken into consideration by the handover procedure. By taking into account

backhaul link quality of RNs, the end to end link quality may be determined in order to

perform the suitable handover procedure. By knowing the end to end link quality, the

overall spectrum efficiency may be improved.

[0097] Possible Handover iImmediately Following Transition to Connected

Mode

[0098] A UE in IDLE mode might not take the backhaul link quality of relay nodes

into consideration when performing cell reselection. When such a UE enters

CONNECTED mode, the network may take the backhaul link quality into consideration

when determining whether or not to perform a handover of the UE to a different cell, in

order to improve the overall spectrum efficiency. In this scenario, the backhaul link
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[0089] It may be preferable for a UE in CONNECTED node to m nim ze the
anmount of latency introduced by any nmulti-hop wireless |Iinks over one or
nore RNs and/or eNBs (especially with possible HARQ retransm ssi ons
introducing further latency). Thus, a RN s backhaul link quality may be
taken into account in this situation. [0090] A UE in CONNECTED node may be
expected to transfer |large anounts of data, and therefore may have a
significant, inpact on the total cell resources. Again, the quality of a
ne b AMLY Rethot ks faken Ik SongidRraten B LR VE A PRROTIRG cobsselobt 1
From the above criteria for both | DLE and CONNECTED node for a UE, in one
enbodi mewhile jnt IDEympde,dlosmheathe UEds naoving 1orCONNE Gzl modlee Hiyveventbe
particul ar Rel ease 10 access node or cell, while the sane Release 10 UE in
CONNECT Ebackieil linkdqualityrmay be taken intetosnsilesationaftepthedyE pntere CONNEGDTEDe a
different Rel ease 10 access node. This situation may not be an issue in

E- UTRA Ralogies hat is|-the)netedrkandy nhepe thetoitte anbthee célhaftdrahé Biéntersitkequal ity
need not be taken into account for cell selection or reselection, since RNs

woul d nOCdm@cwmhodérbm\t@hsidbhq%ﬂ@ BaeRhh@NinR@yaltg. FRISEHBARRER Y
addressed in E-UTRA Rel ease 10 (LTE-A) network depl oynments where RNs nmay be

D oS0t (BT dbod i 1BRD A LRRAS AR BUARF Fhed BOARIBeraR6N BEMAIR EAmobERal T our

approaches to dealing wth gener Ity proce S

cell sel j ; ' Vi ' ti,- hop
net wor ksg%%t@) t'ﬁi@h%rae@ﬁ%gh ﬁﬁés ngr}’aﬁl@gﬁgpi 'ﬁédghgﬁ@étgmggéﬁ%g ?gg&tbﬁﬂes e four
sol utiong, include | DLE node Ll ..resel ection D e handover,
handover amm%ﬂ%{qu &4 B%sfc@'q Fhé’ﬁ?r“t ﬁgr{n@()takmu%@u B(dmiom'redi ate
cell reselegtion prior to entering CONNECTED node. Each of these approaches
s di scucmderaiar e perfming eelESiRrianaE | PLEREOGR Sue- R {ODONDBaR LS | n
| DLE node, the backhaul link quality of RNs may be taken into consideration
by the cEONNEGEERJIN®dR). procedure. By taking into account backhaul Iink
quality of RNs, the end to end link quality may be determined in order to
per f or m [0989% ui intermediate Cell Reseledtion Prioctaibntering/Cannedtad Mdde end t o end
link quality, the overall spectrumefficiency may be inproved. Cal cul ation
of the e[0®100] e AUEiimiDldtimode yses thebeurrkrit Released calicsalabtiog of redeluetiequat i ons
defined above, as well as other techniques that will be readily apparent to
ag eds Ki | &xritelria fo Elgdsard cdllror whibh toéarhpl Ysitigihb Relésse 4 8%, tho Baiewits thdVbde
ndover

best SNR, and which satisfies other relevant selection criteria such as the correct PLMN

or other criteria, is selected. These criteria minimize UE power consumption while in
IDLE mode.

[00101] When the UE moves to CONNECTED mode, such as when the UE is paged
or when the user wishes to initiate a connection session, the UE may examine its recent
and/or newly acquired measurements and/or system information from neighboring cells
and/or additional information related to the backhaul link quality from the serving cell. In
this case, the backhaul link quality may be considered as a parameter for intermediate
cell reselection prior to entering connected mode. The UE may reselect to an

appropriate neighbor cell before commencing the IDLE to CONNECTED mode
23



[ 0096] For a UE in CONNECTED node, the backhaul link quality of relay nodes
may be taken into consideration by the handover procedure. By taking into
account backhaul link quality of RNs, the end to end link quality may be
determned in order to performthe suitable handover procedure. By know ng
the end to end link quality, the overall spectrumefficiency may be

i nproved. [0097] Possi bl e Handover | mTedi ately Follow ng Transition to
Connect e I DLE ht the backhaul .link
qual sty Sphaisn AR ARbroPriste Aeiapeer gelBid off iicH e i errptiaditorsatItoR | on.
When such_a UE enters CONNECTED node, the net wor k may take t he backhaul

li nk quaPf ¢8)l TeRPWCeDISINERIZed-on when det er mi ni ng whet her or not to perform
a handover of the UE to a different cell, in order to inprove the overall
spect r unf®¥102Li dmagothenemhodimepbiitthe IE performsdhe dOLE to GQNNﬁ@TEDynmd not
be taken into consideration when the UE is perform ng cell reselection,

whi | e i ntramiiomonlthe currenbveenvingroellibeicormesponding serdtyNECaECssawele ddovwever ,

t he backhaul link quality may be taken into consideration after the UE

ent er s CNEERBERsSanE corliigire tisa UENe padome akid reportmeastrbmehs, ke anot her cel |
after the UE enters the CONNECTED node after considering the backhaul 1ink

qual i ty. aghroprigtebaticse mea%\ﬂfén‘iéhﬁﬁﬁinsr@n thas Belused lt’@ﬁigbéﬂé netwtrkaual i ty

into consideration during |IDLE nD cell selection) is differen han t he
gco)}s\'leEngl it ?ﬁt ﬁ‘?ﬂ@"ﬁf;ﬁ grt@&%ggﬁibhﬁtée%%ﬁ%ﬁﬂﬁi@%ﬁﬁpu é‘éeﬁ Péﬁ&‘r:ﬂa;\cé. t
movi ng- t B YRS %@&é@%@%&é}%ﬁﬁ? rﬁ%%t@t%*%ét&%@%ﬂ@gfh WRiEes (o°

5ol | " 2amgaoT ik SGteiting WhES B péiarm e Rahdbyer Agd dne et AN of SGgsRSinofe. cany.

Using the Release 8 criteria, the cell with the best SNR, and which
sati sfi ! RANGOVer G evant selection criteria such as the correct PLMN or
other criteria, is selected. These criteria nmnimze UE power consunption

whi | e i n[00008] ch?eUE[l@tﬁmmraW@npwngato@ONmTEQrr@mrtedhemwm ofsuch as
when the UE is paged or when the user wishes to initiate a connection
sessi on, peffrmig adyackingWrea Registratiooror Taacking Areaipdaie (TAU ) thergthe e nent s
and/ or systeminformation from nei ghboring cells and/or additional

i nf or mat head net reseldcttto atdifferbaicddiiauhstead)the U by rémaimdanepesicontheg cel | . I n
this case, the backhaul link quality may be considered as a paraneter for

i nt er nedggtentiyelelecterBPERIIE Gh bAB eRibcAimént, IRINAS B8 tHeODE eid\Sfldidaidao tHORRIE may
resel ect to an appropriate nei ghbor cel | before commenci ng the IDLE to
CONNECTEE} tRRUE that the RRC connection request is solely for performing TAU. Therefore, the

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

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

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

CONNECTED mode handover to another access node. Several possible embodiments

are described below.

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

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

RRCConnectionRequest message. The RRCConnectionRequest message is the first
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transition. An appropriate neighbor cell is a cell in which the total
expected consunption of cell resources is mnimzed. [00102] In another
enbodi ment, if the UE perfornms the | DLE to CONNECTED node transition on the
current serving cell, the corresponding serving cell access node can then,
if necessary, configure the UE to perform and report neasurenents, as
appropriate. These neasurenent reports can then be used to trigger a
net wor k- di rect ed handover to a nore ap ,r_opr"_la%%égccess .hode t hat gpti m zes
cel | per messagrthat the Yk sendstodhe efB tadnitigieihe serneclion Wil theg¥Bconsi der
t he backhaul link quality as a criterion for determ ning when to performa
handover when thendE taesitormeye fmmatbe&bEnw@t@éhe]@WTEg.mwmﬁm If a UE
is tenporarily nmoving to CONNECTED node for the purpose of performng a

Tr acki ngcurad |IREstatiislanentCanse Mmaydkclode thedfalltwidg tvalugSAtinergeheyy, t he UE need
not reselect to a different cell. Instead, the UE may remai n canped on the
curr ent | KighPestyAECas8! nt-Acbess) oeSigndiling Tho-Ddts, aShade spaee Wiueslyln ardi cat e
to the RRg of the UE that the RRC connection request is solely for

perform Qﬂ\b-&@i%en{@ﬁ&i/‘E{s?abli&ﬁﬂehi@a!ﬂ@é@aﬂ@tméfﬁébéﬁﬁed quénas her cell by

consi dering the backhau ink quality as a paraneter. |n another

oo R A WA A i R AT
nandover L2 SBOLASE RS AR08 v HEbe BRI GRS B0
o e R Sl oo M A0 e U moves

RRCConnecti onReguest nmessage is the first 24 nessage that the UE sends to
t he eNB taCOMNNEGEED MRdeRRC connection with the eNB when the UE tries to
move fromthe |IDLE node to the CONNECTED node. The current |E

Est abl i s[0406Lafsamalternativieiarabadiment iflaoli gesuiis ire an EstablighmentCause of

hi ghPriorityAccess, nt-Access, no-Signalling, no-Data, and three spare

val ues. hw-Signalirtgooting ased withiath&RROCorsiectonRaquest messageythenitbe@dB ned,
such as trackingAreaSignalling, to indicate that the RRC connection request
i s sol el pidmol Bbalowed krake shenglaytsaokhatltiek spalitg intalcorsiderséon fort he net wor k
need not further consider the backhaul link quality for the possible

net wor k gihdsvepdefernaren. ThiseesthibforfrigheleanlyFo Gddeftene,[ 00105] As

an alternative enbodinent, if a TAUresults in an Establi shment Cause of

nno- Si gnglyi i i ﬁgﬁfgﬁn i BPss en the
eNB m ghfﬁl'g@& eugﬁ%ﬁ hm%waﬁlébﬁg re aygﬁg{cdlz%gg?glgﬁdqual f%fajg/e? Er)litqo

For a1 DSy A A0 ety L EDR 1 LeMlop B A Sxihied B Flimet” 01 01,
ot bo bRAAPEE AR NARRS R Babit ok REnBE pveral i Udal el ©

sol utions, the backhaul |ink_qualjty. in th verall Link quality be
est i mat cBe eetipaled aralcylated); This Sslitmationer criowrmay pBPerEeh UHRg 108 e
using the equations defined above. [00107] In the enbodinents descri bed
above, deggationsdefioemhabeNe:s in a wirel ess network may performthe various
functions descri bed above. For exanple, an eNB and/or a RN could neasure
t he back[00407] i rixthe embodiments described aboves differentaoompoenentsdn agviraless: he UE.
The UE coul d neasure the access |ink signal quality, or the RNV eNB could
measur e hétvork neyPdrionk thé yaddusfunattiong desdritddeabavea fomekample; aneNB mat i on
to the UE. The

and/or a RN could measure the backhaul link signal quality and transmit that information
to the UE. The UE could measure the access link signal quality, or the RN/eNB could

measure the access link signal quality and then transmit that information to the UE. The

25



UE then may cal culate the cell selection criteria according to the

equati ons defined above. In another enbodi nent, an eNB or RN could maintain
a list of neighbor cells and include in that |ist correspondi ng signal
qualities for the various backhaul 1inks and/or access |links, and then
transmt that list to the UE for use by the UE in determ ning cel

selection criteria. In yet another enbodinent, the RN and/or eNB coul d

i ot |y O e BRSSP VR A S Britond cefindT. e ¥

conposite signal al it ccordin 0 t echni.ques descri bed above. In
Th1 S e asabovedn iR pbodRisnica GNB o5 po 0 ABLEIR7 St CLneBEbRI Calfaa i 1y ¢ o
the UE. Still further, the RN and/or eNB could calculate the cell selection
or resel akd Nsiudede that istoemesprnding signak qualitiester thecvasioys backhaul kst or use in
cell selection or resefection. O her conbinations are possible with respect
t o whi chand/opacaess links: ahd thendnansmit that listdmthe Bl forruse, bytthe Ubbiove enbodi nent s
apply to any other nobility procedures for the UE as well, such as handover
pr ocedur determhiihib0i2)| selegtior citeria. in yétanotimr embodiméntatheRN anglopeRBsconfd usi ng
a backhaul link quality to determ ne whether to performa procedure

sel ect edrdcen@ zmeasired aktessdink Sigrah q@dlitg fbn théw,%bit@ﬂatimﬁeiféﬁugg to one
e

enbodi ment of the disclosure. The process shown in Figure 3 nmay

ol . . . AR

netvor k easur® (o opestaml sRpaEiall), hl o SadiatIng BompBilc pnal Rk
S : . . h

Fechni queccciia R BEathriRa esarbePub e’ IFbxRGss. TR REFAITE: 43 S8uily 2

t echni ques 0 elther ur'e

process shown. i.n Figur o n_.exenpl L S, .8 ot her cesses may
be rec ogﬁ?rgsé'a‘t m? gﬁg%lgg% ﬁqah&]togﬁ%wg t@tﬂﬁf@ﬁﬁeroﬂwetnlﬂlg %@Z%HR{QO ?%‘ﬁg
provided with respect to. Figure .and 2 and, el sewhere herejn, 001091 The
process ‘Fﬁ!\i\n&f'ﬁtg tg% 3§Iﬁ§elﬁgt{qnﬂwe§%ﬁ%}m3 Aot and, eU@’aﬁéF’étrtH?%;@’m ® or not
to performa nobility Procedure, such as cell selection or_cell

r esel ect YBrior ysesingell elestian or rgsplgetions Other corbingtiensangl Passile witfarespgct
between a first relay node and a first access node (block 300). The

pr ocedur e which gompenenis perfam whiehifunetions oG urtber, thecaliwerambadimentsappiyve a
second backhaul link quality between a second relay node and a second
access niodany other ragbitity proceduegsdor thecdbasivesil, suctyastharxdaver pracedariesaccess
link quality of a first access |link between the UE and the first relay
node, anf00408kC Figtire8 dea Soweindet ijustrating epproseseofuihga baskhaul Itk quellityaen t he
UE and the second relay node (block 302). Note that the first access node

may or r@étenﬁhemetﬂ&téganomatpb@cemwgaeaeem OREIEE cellRidtabM/BF Kelf OMPONeEnNt
or the UE nmay neasure the access link quality and m ght not need to be

gi ven t%%el@@@&ﬂ?@&@rﬁfng% ohB.%n%‘&d{méKﬁof[tR ﬁ'}%g;lglasiﬂ‘&.etfﬁ‘étr%@é%es;&gmﬁm or the

UE cal culates a first cConposite signal qua t ha the first

backhaul &l |41 L iy i L I 4) ... The
net wor k '(::'él‘rlr%(l;?hg{rég 553 r'wg‘q%@ggf'{s% E"?{;ﬂsggﬁf §$ égl’ gPng@%%k@éév%@ﬁ@@eﬁﬁﬁme
quality that .includes, both t backhaul |ink qgquali and fhe second access
10K o e tpri rens afowh it B somiouthl Kind otk SRmpoRgRt or o one
of selecting or reselecting the cell based on the first conpgsite signal
qual ity ﬁ?mgm@S%%f&m'"c% 8 mevgwegwafem&mﬁq' H§ing mq)t@&h@,'esgg desaEibpd ocess
term nates thereafter. %00112] The UEs, RNs, and access nodes, as well as
ot her cownivraspest ta@iben ifedreaberBigura &hihe prIess shown BtBigyiend isamponent t hat
is capable of executing instructions related to the actions described
above. Foxgmplary prodasst and ethenproceases maybeaesognizad bydtbosd af skilhioltbelagd a
processi ng conponent 410 suitable for inplenmenting one or nore enbodi nents
di scl osdshsedroni the descripfidh tprovidédwith eegpectoEiguresd HGaridh and elsewhbee 1 ef er r ed
to as a central processor unit or CPU), the system 400 m ght include

net wor k Kepgipecti vity devices 420, random access nenory (RAM 430, read only
menory (ROM) 440, secondary storage 450, and input/output (1/0 devices
460. These conponents m ght conmuni catz6 w th one another via a bus 470. In
sone cases, sone of these conponents may not be present or may be conbi ned
in various conbinations with one another or with other conponents not

shown. These conponents m ght be |located in a single physical entity or in
nore than one physical entity. Any actions described herein as being taken
by the processor 410 m ght be taken by the processor 410 al one or by the
processor 410 in conjunction with one or nore conponents shown or not shown
in the drawi ng, such as a digital signal processor (DSP) 402. Although the
DSP 402 is shown as a separate conponent, the DSP 402 m ght be incorporated
into the processor 410. [00113] The processor 410 executes instructions,



[00114] The network connectivity devices 420 may take the form of nodens,
nodem banks, Ethernet devices, universal serial bus (USB) interface
devices, serial interfaces, token ring devices, fiber distributed data
interface (FDDI) devices, wireless |ocal area network (W.AN) devices, radio
transcei ver devices such as code division nmultiple access (CDVA) devices,

gl obal system for nobile comrunications (GSM radi o transceiver devices,

wor | dwi de i nteroperability for m crowave access (W%Vi ces, and/or

ot her  vie[9010AwT hegvpeass Heginsasrihe sefvk compenagharéne Hideiomies whether
connectivity devices 420 may enable the processor 410 to comunicate wth

t he | nt epnaot topedfaan armekility pregedutemsuah aacelbaeleetionmiroel reseleatina, basedwor ks
fromwhich the processor 410 m ght receive information or to which the

pr ocessoat &ast impgHtoncaufirstibackhiok linktquality bEtweerea ficst kelaynode and atfipstdevi ces
420 m ght al so include one or nore transceiver conponents 425 capabl e of
transni t htgbsaivdeqblote 800y i T srotedure icolikisstidyherg (it cbhlindgle RAM 430 mi ght be
used to store volatile data and perhaps to store instructions that are

execut edpfm 10}© THeQIE iy thér Fecelera SE3drtidlackRaud liIAR QuiiRy BéweRnRsdionddevi ce

that typically has a smaller nenory capacity than the nenory capacity of

the Secopday ¥odd 8@ HSetatt e e MTHBIUE SH 8 TGt ToRipBnbftthayct i ons and

per haps are read ng execution o e Instructions. Access to

A A ST
over - 1I‘O I OWI%F%d%ta@F’@ggecﬁgaiaEBes?sf kA2 &(Pfiasser‘fBFd PEFGE "Eﬁgﬁgﬁ’%'ﬁhﬁ% al |

wor ki ng data. Secondary storage 450 or nmay be used to store prograns that
are | oad@nd the seaenghiralay nade (olack302) Bigteihat thedirst acgesspdegnay eEmayingh.
[00116] The 1/ 0O devices 460 may include liquid crystal displays (LCDs),

t ouch schedhe sammplasyiie s¢eondaocass nads: phlar netwark epraponent or the W ceay t r ack
ball s, voice recognizers, card readers, paper tape readers, printers, video
moni t or s measure theracoesdd linkrquatityi angunighti npineeddo ibeegiventhabmeasigemeahby ei ver
425 m ght be considered to be a conponent of the 1/0O devices 460 instead of
or in adthdmetwotly bei ng a conponent of the network connectivity devices
420. [00117] Thus, the enbodi nents provide for a systemincluding a

processofoee@Af | detibtwérkddniioRehtorthetUE talb@ake!d frisneompasite!signal gualipedur e.
Determning i S based at |east in part on a backhaul link quality between a

relay nogey aulieR b%ﬂ?%?ﬁrgt%%khémm%hamp%nemmsﬂhnsaua.rt@(’dl&&dfor a

net wor k conponent conprising a processor configured to determne an _
provi de i r | | 4, [ £ QL e by the
UE in a %ﬁl%ﬁ%@%‘gﬁé&%gpﬁgp \/\%%Lsocor‘rpéénlg%% s%?/ﬁ‘ﬁ%&g%'%%qﬁ%ne of an
RN or an_acgcess.node. [[0Q119] T bodi nent r QVJ t hod
mpl cren@alth et Hhikgtes 00 he b hadiigs AR ald e e dst iy Mkl (o
cause a uyser equipnment (UE) to perfor bilit rocedure. Determning is
based at @'%@&M%BSWWWE&OMEH f@?%&|ﬂ%ﬂﬁ%9ﬁ%8ﬁ@%9ﬂ node and
an access node. ;00120] The foll ow ng docunents are hereby incorporated by
r ef er enceeselecting the eslk hasediondthe first ggmpesite, signalmuglity-ang the second ancenent s
for E-UTRA, Physical Layer Aspects” 3GPP; TS 36.300 v V8.9.0 (2009-06);

" Evol vedcompositessignalquality(block 368)di theproeess teminates)thengaftery ol ved Uni ver sal
Terrestrial Radio Access Network (EUTRAN); Overall description; Stage 2
(Rel 8) " [00R12P9 hEAJES, Bits-and dRebss/ndtidse asmel &Si ajherl compomentssdesoribexchd UE
Association", RRM 3GPP TS 36.213 V8.7.0 (2009-06), "Physical |ayer
procedur geoydehigaSAciBde a pséddssihg cdimpuhbnithabistapablebf @egcutinganktaickesour ce
Control (Release 8T; and 3GPP TS 36.304 V8.6.0 (2009-06), "User Equi pnent

(UB) propgstidliqs tHd adtidhs deBébedRidvas Figike 4lifitralds exdmie oF 8BPétem 400

contenpl ate one or nore conputer readable nmedia. The term "conputer

readabl e i £ . el A I ore data
and 1 o desrsFBbBediil SorhBRRent 4T ShEBE oA ety SR inat
However, the enbodi ments may al so be egbodi ed on transni ssion nedia, such
as carrier waves. The enbodi nents nmay al so be inplenented in the formof a
processor configured to performthe techni ques descri bed herein. A
processor may be configured to performa technique either by programm ng
the processor with software, by physically designing a processor to perform
a particular function, such as in the formof an application specific
integrated circuit (ASIC), or by using other techniques well known to those
skilled in the art. [00122] While several enbodi nents have been provided in
the present disclosure, it should be understood that the disclosed systens
and nmet hods may be enbodied in many other specific forns w thout departing



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

echant GMAPAANS RcionPd Berai B/ oI A3 BocERRRAd0 (BEh gy oR 1ebbrEed and
alterations are ascertainable by one skilled in the art and could be nade
wi t hout %@%ﬁpﬁﬂﬁa'fﬂf%ﬂsﬁﬁwfymfré?uhﬁhﬁ sysiea 400Jvigbtisglude netwoerk CLAIMS 1. A
user equi prment (UE) for use in a wireless comuni cation system including an
access nodenegtivityxdevidesy4200 candonhacasisa mémoryd RAM) 430dreaganly memoey ay node

are configured to establish a backhaul |ink, and wherein the UE and the
rel ay no(ROR)@40psdcopdamycstdrage 458bandsinpatioutput(#O) devikes 46& Theseonpri sing: a
processor configured to: determ ne a conposite, end-to-end signal to

noi se r atbRpbReiR niigednimuricatMRhUnet didtiisrafa bubk a0, #sbme cases, 968" i ne

whet her or not to performa nobility procedure based at |least in part on

? ggr gggﬁ?ﬁ%‘bg?/ c%@ﬂg@@‘gﬁ ?ﬁlja:ysteVﬁ?éé&it Br hi2§ BeXBMMhESin RifBus eOr?lBﬁ'laﬁNi-% I's
with one another or with other components not shown. These components might be
located in a single physical entity or in more than one physical entity. Any actions
described herein as being taken by the processor 410 might be taken by the processor
410 alone or by the processor 410 in conjunction with one or more components shown
or not shown in the drawing, such as a digital signal processor (DSP) 402. Although the
DSP 402 is shown as a separate component, the DSP 402 might be incorporated into
the processor 410.

[00113] The processor 410 executes instructions, codes, computer programs, or
scripts that it might access from the network connectivity devices 420, RAM 430, ROM
440, or secondary storage 450 (which might include various disk-based systems such
as hard disk, floppy disk, SIM (subscriber identity module) card, or optical disk, or other
storage device). An application or other computer usable program code may be stored
on any of these devices, or on some other storage device. While only one CPU 410 is
shown, multiple processors may be present. Thus, while instructions may be discussed
as being executed by a processor, the instructions may be executed simultaneously,

serially, or otherwise by one or multiple processors. The processor 410 may be

implemented as one or more CPU chips.
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wherein SNRaccessjnk is the SNR of the access |ink, and SNRbackhaui Wk is
the SNR of the backhaul link. 2. The UE of claiml1l wherein the nobility
procedure is one of: a cell selection procedure; a reselection procedure;
and a handover procedure. 3. The UE of claim1l wherein the processor is
further configured to receive the SNR of the backhaul |ink between the
rel ay node and the access node.

[00114] The network connectivity devices 420 may take the form of modems, modem
banks, Ethernet devices, universal serial bus (USB) interface devices, serial interfaces,
token ring devices, fiber distributed data interface (FDDI) devices, wireless local area
network (WLAN) devices, radio transceiver devices such as code division multiple
access (CDMA) devices, global system for mobile communications (GSM) radio
transceiver devices, worldwide interoperability for microwave access (WiMAX) devices,
and/or other well-known devices for connecting to networks. These network
connectivity devices 420 may enable the processor 410 to communicate with the
Internet or one or more telecommunications networks or other networks from which the
processor 410 might receive information or to which the processor 410 might output
information. The network connectivity devices 420 might also include one or more
transceiver components 425 capable of transmitting and/or receiving data wirelessly.
[00115] The RAM 430 rﬁight be used to store volatile data and perhaps to store
instructions that are executed by the processor 410. The ROM 440 is a non-volatile
memory device that typically has a smaller memory capacity than the memory capacity
of the secondary storage 450. ROM 440 might be used to store instructions and
perhaps data that are read during execution of the instructions. Access to both RAM
430 and ROM 440 is typically faster than to secondary storage 450. The secondary
storage 450 is typically comprised of one or more disk drives or tape drives and might
be used for non-volatile storage of data or as an over-flow data storage device if RAM
430 is not large enough to hold all working data. Secondary storage 450 or may be
used to store programs that are loaded into RAM 430 when such programs are selected

for execution.
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4. The UE of claim1l wherein the backhaul link is a first backhaul |ink
between a first relay node and a first access node, and wherein the

processor is further configured to: recei ve an SNR of a second
backhaul |ink between a second relay node and a second access node;
cal cul ate a second conposite SNR; and determ ne which cell to use for

the nobility procedure based on the first conposite SNR and the second

Compr se[0UH3BL i Seviseand miay eluda i reafBRRye (LGRA BE8A Fhgene: o

claim1 wherein when the UE is in |IDLE node, the rocessor I's configured to
take i nt 6isplaysi kaybaardsnkeypadsgwitshes,lialsAicRatiack lpaﬁlﬁ, YRige FRgognigens; card
resel ection or selection procedure. 7. The UE of claim1 wherein when the
UE i s i nrea0eNEQRREr iapdeeadans, printeresddeo moniderss orptherwelbknewreinput/eutput
consideration the SNR of the backhaul link in a handover procedure.
devices. Also, the transceiver 425 might be considered to be a component of the /0
devices 460 instead of or in addition to being a component of the network connectivity
devices 420. |
[00117] Thus, the embodiments provide for a system including a processor
configured to determine whether to perform a mobility procedure. Determining is based
at least in part on a backhaul link quality between a relay node and an access node.
[00118] The embodiments also provide for a network component comprising a
processor configured to determine and provide information related to backhaul link
quality to a UE for use by the UE in a mobility procedure. The network component may
be at least one of an RN or an access node.
[00119] The embodiments also provide for a method implemented by a processor.
The method includes determining whether to cause a user equipment (UE) to perform a
mobility procedure. Determihing is based at least in part on a backhaul link quality
between a relay node and an access node.
[00120] The following documents are hereby incorporated by reference in their
entireties: TR 36.814 v. 1.0.0, “Further Advancements 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),
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8. The UE of claim 1l wherein after the UE enters CONNECTED node, the

processor is configured to take the SNR of the backhaul link into
consideration for the network-directed handover procedure. 9. The UE of
claim1l wherein the SNR of the backhaul link is taken into account in

CONNECTED node but not in |IDLE node, and wherein in | DLE node the UE
selects the access node link or relay node link as its direct link

d di which of the t | i nkg.,h | SAR .10. Th
e of cl aramisellareprepigon {RestR Lopbri oh SRR CATENE: Marien (o
the first access node an establishnent cause in a radio resource control

(RRO) cofvesevrce-antiglidielearesaind IR 45364 ¥860(2008rRN: "Usslise i s

configured to informthe network conponent that the RRC connection request
is for tRguipmen{dEppropeddres in idle mode (Release 8Fki ng area registration or a

tracking area update. 11. The UE of claim1 wherein: prior to the UE
nmovi ng t 00AANETRe2mbstiimehisecopterplatecond ar monefcomputelr readable enddiee TR of
t he backhaul link into consideration when perform ng cell reselection. 12.

The UE oferfi ‘ebfiplfer wbadpld)medhpit refeps tdha tgibky sogaded éviddNwRitBaieibre f Or t he

pur pose of perform ng one of a tracking area registration or a tracking

SLE7 ety IRRAREPS prckind P Y ALK 5 QR ot ocOnc
the embodiments may also be embodied on transmission media, such as carrier waves.
The embodiments may also be implemented in the form of a processor configured to
perform the techniques described herein. A processor may be configured to perform a
technique either by programming the processor with software, by physically designing a
processor to perform a particular function, such as in the form of an application specific
integrated circuit (ASIC), or by using other techniques well known to those skilled in the
art.

[00122] While several embodiments have been provided in the present disclosure, it
should be understood that the disclosed systems and methods may be embodied in
many other specific forms without departing from the spirit or scope of the present
disclosure. The present examples are to be considered as illustrative and not
restrictive, and the intention is not to be limited to the details given herein. For example,
the various elements or components may be combined or integrated in another system
or certain features may be omitted, or not implemented. Also, for example, although the

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

to multiple-hop communications as well, for example, three-hops.
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13. The UE of claim 12 wherein a non-access stratum (NAS) of the UE
indicates to a radio resource control (RRC) of the UE that an RRC
connection request is for the purpose of perform ng one of a tracking area
registration or a tracking area update. 14. The UE of claim 1 wherein the
UE is in CONNECTED node, the processor is further configured to:

receive a network-directed request to transmt a neasurenent report

generated by the UE, and recei ve a network-direct e,g request to be
handed- o028 Alsn: teshaiques, systrins, isabsysteras apd melhodsdescribed e quality
wWith respect to the first cell. 15. A nethod for operating a user equi pnent

(UE) conillustsatad irthervadess embodiments as Hisceete onseparatgtmanbe gembined | udi ng an
access node and a relay node, wherein the access node and the relay node

are conf ingagraédivitrestheldystéms, rhaduiés décHniques, armiethiods aiithoutdepaling fiornhe
rel ay node are configured to establish an access link , the nethod

conpri si fiE scope of tHESHrBsEMtHistoshire.t OthapliteaRshOWN oF discupssd dcoupiet bo- end
signal to noise ratio (SNR) based on an SNR of the backhaul Iink and an SNR

of the a Lpté: icatbgAtHea A REBE irlireBl couple®sit Or M a

mobi | i tyagg(g eéggpgfj cﬁ%gg\gw%r{mﬁ egst %\ part on }?he corrptcl)ysi tuep, end-t o-end

SNR, 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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wherein the conposite, end-to-end SNR is represented by Equation 1:
wherein SNRaccesslink is the SNR of the access |ink, and SNRbackhaul _|ink
is the SNR of the backhaul link. 16.The nethod of claim 15 wherein the

backhaul link is a first backhaul |ink between a first relay node and a
first access node, and wherein the nethod further conprises:
recei ving an SNR of a second backhaul |ink between a second relay node and

a second access node; calculating a second conposite SNR, and

CLAIMS

1. A user equipment (UE) for use in a wireless communication system including an
access node and a relay node, wherein the access node and the relay node are configured to
establish a backhaul link, and wherein the UE and the relay node are configured to establish
an access link, the UE comprising:

a processor configured to:

determine a composite, end-to-end signal to noise ratio (SNR) based on an SNR of the
access link; and

determine whether or not to perform a mobility procedure based at least in part on the
composite, end-to-end SNR,

wherein the composite, end-to-end SNR is represented by Equation 1:

SNR !

end—to—end

1

j ,(Equation 1) and

+
( SNR SNRbacklmul _link

access _link

wherein SNRycess ink IS the SNR of the access link, and SNRyacknau_ink 1S the
SNR of the backhaul link.
2. The UE of claim 1 wherein the mobility procedure is one of:
a cell selection procedure;
a reselection procedure; and

a handover procedure.

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

backhaul link between the relay node and the access node.
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determ ning which cell to use for the nobility procedure based on the
conposite SNR and the second conposite SNR 17. The nethod of claim 15
wherein the nobility procedure is one of: a cell selection procedure; a
resel ection procedure; and a handover procedure. 18. The nmethod of claim 15
wherein the nobility procedure conprises determning the cell with the best
conposite SNR. 19. The nethod of claim 15 the SNR of the backhaul link is
taken into account in CONNECTED node but not in |IDLE node, and wherein in

| DLE node the UE selects the access node link or the relay node link

dependl ng. on \'Mikl3 gﬁ o@r:laﬁrhf)whmln th@?ﬁckﬂ?{? nﬁlﬂﬁg'ﬁh‘ﬂB&&Eamﬁl%é%@«gerﬁé\'ﬁst I%E’i?’ ;I'he

met hod of claim 15 wherein the ne rises

the UE maydghd OrirsiiEEHeb: %@%heFéﬁkfh@%r&cB?soﬂg%@erEm:[gﬁl%elﬁgau' l ink into

consi deration when performng cell reselection stantially as
descri bed her picBivévbh BNRES 8BS Ba‘ékﬁalﬂﬂmﬁ%@%@ﬁ@éb&gmdqg@%&%gand #ecofti System

substantially as described herein with reference to the acconpanying
dr awi ngs access node;
calculate a second composite SNR; and

determine which cell to use for the mobility procedure based on the first composite

SNR and the second composite SNR.

5. The UE of claim 4 wherein the mobility procedure comprises determining the cell with

the best composite SNR.

6. The UE of claim 1 wherein when the UE is in IDLE mode, the processor is configured
to take into consideration the SNR of the backhaul link during a cell reselection or selection

procedure.

7. The UE of claim 1 wherein when the UE is in CONNECTED mode, the processor is

configured to take into consideration the SNR of the backhaul link in a handover procedure.

8. The UE of claim 1 wherein after the UE enters CONNECTED mode, the processor is
configured to take the SNR of the backhaul link into consideration for the network-directed

handover procedure.

9. The UE of claim 1 wherein the SNR of the backhaul link is taken into account in

CONNECTED mode but not in IDLE mode, and wherein in IDLE mode the UE selects the
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23A method inplenented by a processor, the method being substantially as
described herein with reference to the acconpanyi ng draw ngs.

access node link or relay node link as its direct link depending on which of the two links has the

highest observed SNR.

10. The UE of claim 8 wherein the processor is further configured to transmit to the first
access node an establishment cause in a radio resource control (RRC) connection request
message, wherein the establishment cause is configured to inform the network component that
the RRC connection request is for the purpose of performing one of a tracking area registration

or a tracking area update.

11. The UE of claim 1 wherein:
prior to the UE moving to CONNECTED mode, the processor is configured to take the

SNR of the backhaul link into consideration when performing cell reselection.

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

link.

13. The UE of claim 12 wherein a non-access stratum (NAS) of the UE indicates to a radio
resource control (RRC) of the UE that an RRC connection request is for the purpose of

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

14. The UE of claim 1 wherein the UE is in CONNECTED mode, the processor is further

configured to:
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receive a network-directed request to transmit a measurement report generated by the
UE; and
receive a network-directed request to be handed-over to a second cell that has a better

composite signal quality with respect to the first cell.

15. A method for operating a user equipment (UE) comprising a processor in a wireless
communication system including an access node and a relay node, wherein the access node
and the relay node are configured to establish a backhaul link, and wherein the UE and the
relay node are configured to establish an access link , the method comprising:

determining by the processor, a composite, end-to-end signal to noise ratio (SNR)
based on an SNR of the backhaul link and an SNR of the access link; and

determining whether or not to perform a mobility procedure, based at least in part on
the composite, end-to-end SNR,

wherein the composite, end-to-end SNR is represented by Equation 1:

1

SNR

J , (Equation 1) and

end—to—end
1 1
+
SNR SNRbnck/laul _link

access _link

wherein SNR,ccess ink 1S the SNR of the access link, and SNRyackhaut_iink 18 the
SNR of the backhaul link.

16. The method of claim 15 wherein the backhaul link is a first backhaul link between a first
relay node and a first access node, and wherein the method further comprises:
receiving an SNR of a second backhaul link between a second relay node and a

second access node:

calculating a second composite SNR; and
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determining which cell to use for the mobility procedure based on the composite SNR

and the second composite SNR.

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

a handover procedure.

18. The method of claim 15 wherein the mobility procedure comprises determining the cell

with the best composite SNR.

19. The method of claim 15 the SNR of the backhaul link is taken into account in
CONNECTED mode but not in IDLE mode, and wherein in IDLE mode the UE selects the
access node link or the relay node link depending on which of the two links has the highest

observed SNR.

20. The method of claim 15 wherein the method further comprises:

prior to the UE moving to CONNECTED mode, taking the SNR of the backhaul link into

consideration when performing cell reselection.

21. A UE substantially as described herein with reference to the accompanying drawings.

22, A system substantially as described herein with reference to the accompanying

drawings.
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23. A method implemented by a processor, the method being substantially as described

herein with reference to the accompanying drawings.
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