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(57) ABSTRACT

A backhaul quality is measured. One or more subsets of cell
identifiers having a mapped backhaul quality that maps to the
measured backhaul quality are identified. The one or more
subsets have a set of cell identifiers associated therewith. A
network is queried to indicate one or more cell identifiers in
the identified subset of cell identifiers available for a user
equipment (UE) relay. One of the one or more indicated cell
identifiers is selected. If more than one subset of cell identi-
fiers has a mapped backhaul quality that maps to the measured
backhaul quality, first and second subsets having respective
first and second mapped backhaul qualities are selected and
the backhaul qualities are compared relative to a backhaul
quality threshold. The mapped backhaul quality that most
satisfies the backhaul quality threshold is identified for the
network query.
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METHODS FOR INDICATING BACKHAUL
RELAY GEOMETRY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 61/591,807, entitled “Methods for
Indicating eNodeB Backhaul Relay Geometry” and filed on
Jan. 27, 2012, which is expressly incorporated by reference
herein in its entirety.

BACKGROUND
[0002] 1. Field

[0003] The present disclosure relates generally to commu-
nication systems, and more particularly, to indicating back-
haul relay geometry.

[0004]

[0005] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, and broadcasts.
Typical wireless communication systems may employ mul-
tiple-access technologies capable of supporting communica-
tion with multiple users by sharing available system resources
(e.g., bandwidth, transmit power). Examples of such mul-
tiple-access technologies include code division multiple
access (CDMA) systems, time division multiple access
(TDMA) systems, frequency division multiple access
(FDMA) systems, orthogonal frequency division multiple
access (OFDMA) systems, single-carrier frequency division
multiple access (SC-FDMA) systems, and time division syn-
chronous code division multiple access (TD-SCDMA) sys-
tems.

[0006] These multiple access technologies have been
adopted in various telecommunication standards to provide a
common protocol that enables different wireless devices to
communicate on a municipal, national, regional, and even
global level. An example of an emerging telecommunication
standard is Long Term Evolution (LTE). LTE is a set of
enhancements to the Universal Mobile Telecommunications
System (UMTS) mobile standard promulgated by Third Gen-
eration Partnership Project (3GPP). It is designed to better
support mobile broadband Internet access by improving spec-
tral efficiency, lowering costs, improving services, making
use of new spectrum, and better integrating with other open
standards using OI'DMA on the downlink (DL), SC-I'DMA
on the uplink (UL), and multiple-input multiple-output
(MIMO) antenna technology. However, as the demand for
mobile broadband access continues to increase, there exists a
need for further improvements in LTE technology. Prefer-
ably, these improvements should be applicable to other multi-
access technologies and the telecommunication standards
that employ these technologies.

[0007] In an LTE network, coverage may be expanded by
permitting one or more user equipments (UEs) to act as relays
on the downlink or on the uplink. UEs acting as relays are
referred to herein as “UE relays” or “UeNBs”. A base station,
e.g., evolved Node B (eNB) decides whether to associate a
UE to arelay. In order to make this decision, the eNB typically
relies on measurements that indicate the quality of the back-
haul links, access links, and direct links. A backhaul link
corresponds to a link between the eNB and the relay. An

2. Background

Aug. 1,2013

access link corresponds to a link between the relay and the
UE. A direct link corresponds to a link between the eNB and
the UE.

[0008] In an LTE network, measurements may be used to
convey the quality of a particular link. One such measure of
link quality is reference signal received quality (RSRQ).
RSRQ ranks the cells from which measurements are received
by their respective signal quality. Another link quality mea-
surement is reference signal receive power (RSRP) which
ranks cells from which measurements are received by signal
strength.

[0009] Inmaking adecision to associate a UE to arelay, the
eNB typically decides to make the association if the quality
measurements of both the backhaul link and the access link
are objectively better than the quality measurement of the
direct link. This determination requires the eNB to compare
measurements.

[0010] Incurrent network architecture and design, the eNB
does not know the identity of those UEs it is serving that
function as UE relays. The identity of a UE itself may be
provided in the form of a UE physical cell identifier (PCI) or
UE cell global identification (CGI). The CGI refers to glo-
bally unique cell identification in a GSM network. As a result,
atthe eNB, the backhaul quality measurements received from
a UE acting as a relay (“relay A”) cannot be tied to access link
quality measurements sent by served UEs that see relay A as
a new cell.

[0011] Thereisaneedinthe art for implicitly conveying the
backhaul quality of a UE relay to the eNB using a measure-
ment report sent by the UE.

SUMMARY

[0012] Aspects of the disclosure, relate to methods, com-
puter program products, apparatuses, and systems for wire-
less communication. In one aspect, a backhaul quality is
measured. One or more subsets of cell identifiers having a
mapped backhaul quality that maps to the measured backhaul
quality are identified. The one or more subsets have a set of
cell identifiers associated therewith. A network is queried to
indicate one or more cell identifiers in the identified subset of
cell identifiers available for a UE relay. One of the one or more
indicated cell identifiers is selected. If more than one subset of
cell identifiers has a mapped backhaul quality that maps to the
measured backhaul quality, first and second subsets having
respective first and second mapped backhaul qualities are
selected and the backhaul qualities are compared relative to a
backhaul quality threshold. The mapped backhaul quality that
most satisfies the backhaul quality threshold is identified [or
the network query.

[0013] In another aspect, an UE relay receives a handover
request message from a macro cell. A reported signal strength
corresponding to a signal strength of the macro cell is com-
pared with a relay signal strength. A determination is made as
to whether the reported signal strength is weaker or stronger
than the relay signal strength. Success is declared when the
reported signal strength is weaker than the relay signal
strength; whereas failure is declared when the reported signal
strength is stronger than the relay signal strength. Success or
failure is reported to the macro cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a wireless communication system
for associating an user equipment (UE) with a UE acting as a
relay.
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[0015] FIG. 2 illustrates a block diagram of a communica-
tion system.
[0016] FIG. 3 is a flowchart of a method for wireless com-

munication for selecting a cell identifier from a subset of cell
identifiers.

[0017] FIG. 4 is a conceptual data flow diagram illustrating
the data flow between different modules/means/components
in an apparatus or system implementing the method of FIG. 3.
[0018] FIG. 5 is a diagram illustrating an example of a
hardware implementation for an apparatus or system employ-
ing a processing system to implement the method of FIG. 3.
[0019] FIG. 6 is a flowchart of a method for a backhaul
based method for indicating backhaul quality for use in han-
dover selection.

[0020] FIG. 7 is a flowchart of a method of wireless com-
munication by an apparatus in response to a handover request
message from a macro cell.

[0021] FIG. 8 is a conceptual data flow diagram illustrating
the data flow between different modules/means/components
in an apparatus implementing the method of FIG. 7.

[0022] FIG. 9 is a diagram illustrating an example of a
hardware implementation for an apparatus employing a pro-
cessing system to implementing the method of FIG. 7.

DETAILED DESCRIPTION

[0023] Various aspects are now described with reference to
the drawings. In the following description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of one or more aspects. It
may be evident, however, that such aspect(s) may be practiced
without these specific details.

[0024] As used in this application, the terms “component,”
“module,” “system” and the like are intended to include a
computer-related entity, such as, but not limited to hardware,
firmware, a combination of hardware and software, software,
or software in execution. For example, a component may be,
but is not limited to being, a process running on a processor,
a processor, an object, an executable, a thread of execution, a
program and/or a computer. By way of illustration, both an
application running on a computing device and the comput-
ing device can be a component. One or more components can
reside within a process and/or thread of execution and a
component may be localized on one computer and/or distrib-
uted between two or more computers. In addition, these com-
ponents can execute from various computer readable media
having various data structures stored thereon. The compo-
nents may communicate by way of local and/or remote pro-
cesses such as in accordance with a signal having one or more
data packets, such as data from one component interacting
with another component in a local system, distributed system,
and/or across a network such as the Internet with other sys-
tems by way of the signal.

[0025] Furthermore, various aspects are described herein in
connection with a terminal, which can be a wired terminal or
a wireless terminal. A terminal can also be called a system,
device, subscriber unit, subscriber station, mobile station,
mobile, mobile device, remote station, remote terminal,
access terminal, user terminal, communication device, user
agent, user device, or user equipment (UE). A wireless termi-
nal may be a cellular telephone, a satellite phone, a cordless
telephone, a Session Initiation Protocol (SIP) phone, a wire-
less local loop (WLL) station, a personal digital assistant
(PDA), a handheld device having wireless connection capa-
bility, a computing device, or other processing devices con-
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nected to a wireless modem. Moreover, various aspects are
described herein in connection with a base station. A base
station may be utilized for communicating with wireless ter-
minal(s) and may also be referred to as an access point, a
Node B, or some other terminology.

[0026] Moreover, the term “or” is intended to be an inclu-
sive “or” rather than an exclusive “or.” That is, unless speci-
fied otherwise, or clear from the context, the phrase “X
employs A or B” is intended to mean any of the natural
inclusive permutations. That is, the phrase “X employs A or
B” is satisfied by any of the following instances: X employs
A; X employs B; or X employs both A and B. In addition, the
articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean “one
or more” unless specified otherwise or clear from the context
to be directed to a singular form.

[0027] The techniques described herein may be used for
various wireless communication networks such as Code Divi-
sion Multiple Access (CDMA) networks, Time Division Mul-
tiple Access (TDMA) networks, Frequency Division Mul-
tiple Access (FDMA) networks, Orthogonal FDMA
(OFDMA) networks, Single-Carrier FDMA (SC-FDMA)
networks, etc. The terms “networks” and “systems” are often
used interchangeably. A CDMA network may implement a
radio technology such as Universal Terrestrial Radio Access
(UTRA), CDMA2000, etc. UTRA includes Wideband
CDMA (W-CDMA). CDMA2000 covers IS-2000, IS-95 and
technology such as Global System for Mobile Communica-
tion (GSM).

[0028] An OFDMA network may implement a radio tech-
nology such as Evolved UTRA (E-UTRA), the Institute of
Electrical and Electronics Engineers (IEEE) 802.11, IEEE
802.16, IEEE 802.20, Flash-OFDAM®, etc. UTRA,
E-UTRA, and GSM are part of Universal Mobile Telecom-
munication System (UMTS). Long Term Evolution (LTE) is
a release of UMTS that uses E-UTRA. UTRA, E-UTRA,
GSM, UMTS, and LTE are described in documents from an
organization named “3¢ Generation Partnership Project”
(3GPP). CDMA2000 is described in documents from an
organization named “3’¢ Generation Partnership Project 2”
(3GPP2). These various radio technologies and standards are
known in the art. For clarity, certain aspects of the techniques
are described below for LTE, and LTE terminology is used in
much ofthe description below. It should be noted that the LTE
terminology is used by way of illustration and the scope of the
disclosure is not limited to LTE. Rather, the techniques
described herein may be utilized in various application
involving wireless transmissions, such as personal area net-
works (PANs), body area networks (BANs), location, Blue-
tooth, GPS, UWB, RFID, and the like. Further, the techniques
may also be utilized in wired systems, such as cable modems,
fiber-based systems, and the like.

[0029] Single carrier frequency division multiple access
(SC-FDMA), which utilizes single carrier modulation and
frequency domain equalization has similar performance and
essentially the same overall complexity as those of an
OFDMA system. SC-FDMA signal may have lower peak-to-
average power ration (PAPR) because of its inherent single
carrier structure. SC-FDMA may be used in the uplink com-
munications where the lower PAPR greatly benefits the
mobile terminal in terms of transmit power efficiency.
[0030] FIG. 1 is a diagram illustrating a wireless commu-
nication system 100 that facilitates associating a UE with a
UE relay to receive wireless network access. System 100
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includes a UE relay 102 that is served by a relay backhaul
serving eNB 104 over arelay backhaul link 106. For example,
the relay 102 receives signals from the relay backhaul serving
eNB 104 over the relay backhaul link 106 and accordingly
relays, i.e., retransmits, the signals for improved hearability at
one or more UEs associated with relay 102. The relay back-
haul serving eNB 104 may be a macrocell, picocell, femto-
cell, or similar eNB, and/or substantially any component for
which the relay 102 can retransmit communications. In addi-
tion, the relay backhaul link 106 can be a wired or wireless,
e.g., over-the-air, link between relay backhaul serving eNB
104 and relay 102.

[0031] System 100 also includes a UE 108 that may be
served by an eNB 110 over a direct link 112 thereto. Similar
to the relay backhaul serving eNB 104, eNB 110 may be a
macrocell, picocell, femtocell, or similar eNB, a device com-
municating in peer-to-peer or ad-hoc mode with UE 108,
and/or the like, that can provide access to a wireless network.
UE 108 may be amobile terminal, a modem (or other tethered
device), or substantially any device that can receive wireless
network access from eNB 110. The direct link may be a wired
or wireless link that facilitates communication between eNB
110 and UE 108. The eNB 110 may associate UE 108 with a
UE relay based on one or more processes, as described herein.
Where eNB 110 elects to associate UE 108 with UE relay 102,
for example, UE relay 102 can communicate with UE 108
over an access link 114, which can similarly be a wired or
wireless link that facilitates communication between relay
102 and UE 108.

[0032] FIG.2isablock diagram of an eNB 210 in commu-
nication with a UE 250 in an access network. In the DL, upper
layer packets from the core network are provided to a con-
troller/processor 275. The controller/processor 275 imple-
ments the functionality of the [.2 layer. In the DL, the con-
troller/processor 275 provides header compression,
ciphering, packet segmentation and reordering, multiplexing
between logical and transport channels, and radio resource
allocations to the UE 250 based on various priority metrics.
The controller/processor 275 is also responsible for HARQ
operations, retransmission of lost packets, and signaling to
the UE 250.

[0033] The transmit (TX) processor 216 implements vari-
ous signal processing functions for the L1 layer (i.e., physical
layer). The signal processing functions include coding and
interleaving to facilitate forward error correction (FEC) at the
UE 250 and mapping to signal constellations based on various
modulation schemes (e.g., binary phase-shift keying (BPSK),
quadrature phase-shift keying (QPSK), M-phase-shift keying
(M-PSK), M-quadrature amplitude modulation (M-QAM)).
The coded and modulated symbols are then split into parallel
streams. Each stream is then mapped to an OFDM subcarrier,
multiplexed with a reference signal (e.g., pilot) in the time
and/or frequency domain, and then combined together using
an Inverse Fast Fourier Transform (IFFT) to produce a physi-
cal channel carrying a time domain OFDM symbol stream.
The OFDM stream is spatially precoded to produce multiple
spatial streams. Channel estimates from a channel estimator
274 may be used to determine the coding and modulation
scheme, as well as for spatial processing. The channel esti-
mate may be derived from a reference signal and/or channel
condition feedback transmitted by the UE 250. Each spatial
stream is then provided to a different antenna 220 via a
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separate transmitter 218TX. Each transmitter 218TX modu-
lates an RF carrier with a respective spatial stream for trans-
mission.

[0034] At the UE 250, each receiver 254RX receives a
signal through its respective antenna 252. Each receiver
254RX recovers information modulated onto an RF carrier
and provides the information to the receive (RX) processor
256. The RX processor 256 implements various signal pro-
cessing functions of the L1 layer. The RX processor 256
performs spatial processing on the information to recover any
spatial streams destined for the UE 250. If multiple spatial
streams are destined for the UE 250, they may be combined
by the RX processor 256 into a single OFDM symbol stream.
The RX processor 256 then converts the OFDM symbol
stream from the time-domain to the frequency domain using
aFastFourier Transform (FFT). The frequency domain signal
comprises a separate OFDM symbol stream for each subcar-
rier of the OFDM signal. The symbols on each subcarrier, and
the reference signal, are recovered and demodulated by deter-
mining the most likely signal constellation points transmitted
by the eNB 210. These soft decisions may be based on chan-
nel estimates computed by the channel estimator 258. The
soft decisions are then decoded and deinterleaved to recover
the data and control signals that were originally transmitted
by the eNB 210 on the physical channel. The data and control
signals are then provided to the controller/processor 259.
[0035] The controller/processor 259 implements the 1.2
layer. The controller/processor can be associated with a
memory 260 that stores program codes and data. The memory
260 may bereferred to as a computer-readable medium. In the
UL, the controller/processor 259 provides demultiplexing
between transport and logical channels, packet reassembly,
deciphering, header decompression, control signal process-
ing to recover upper layer packets from the core network. The
upper layer packets are then provided to a data sink 262,
which represents all the protocol layers above the L2 layer.
Various control signals may also be provided to the data sink
262 for L3 processing. The controller/processor 259 is also
responsible for error detection using an acknowledgement
(ACK) and/or negative acknowledgement (NACK) protocol
to support HARQ operations.

[0036] Inthe UL, a datasource 267 is used to provide upper
layer packets to the controller/processor 259. The data source
267 represents all protocol layers above the [.2 layer. Similar
to the functionality described in connection with the DL
transmission by the eNB 210, the controller/processor 259
implements the [.2 layer for the user plane and the control
plane by providing header compression, ciphering, packet
segmentation and reordering, and multiplexing between logi-
cal and transport channels based on radio resource allocations
by the eNB 210. The controller/processor 259 is also respon-
sible for HARQ operations, retransmission of lost packets,
and signaling to the eNB 210.

[0037] Channel estimates derived by a channel estimator
258 from a reference signal or feedback transmitted by the
eNB 210 may be used by the TX processor 268 to select the
appropriate coding and modulation schemes, and to facilitate
spatial processing. The spatial streams generated by the TX
processor 268 are provided to different antenna 252 via sepa-
rate transmitters 254 TX. Each transmitter 254TX modulates
an RF carrier with a respective spatial stream for transmis-
sion.

[0038] The UL transmission is processed at the eNB 210 in
a manner similar to that described in connection with the
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receiver function at the UE 250. Each receiver 218RX
receives a signal through its respective antenna 220. Each
receiver 218RX recovers information modulated onto an RF
carrier and provides the information to a RX processor 270.
The RX processor 270 may implement the L1 layer.

[0039] The controller/processor 275 implements the 1.2
layer. The controller/processor 275 can be associated with a
memory 276 that stores program codes and data. The memory
276 may be referred to as a computer-readable medium. In the
UL, the control/processor 275 provides demultiplexing
between transport and logical channels, packet reassembly,
deciphering, header decompression, control signal process-
ing to recover upper layer packets from the UE 250. Upper
layer packets from the controller/processor 275 may be pro-
vided to the core network. The controller/processor 275 is
also responsible for error detection using an ACK and/or
NACK protocol to support HARQ operations.

[0040] Embodiments discussed below provide a solution
where the backhaul link quality of a UE relay is implicitly
conveyed in a measurement report sent to the eNB by aUE. A
set S of available PCIs/CGIs is partitioned into K disjoint
subsets S, S,, . .. S;, where “K” denotes the total number of
subsets into which the set S is partitioned, “disjoint” means
each subset has no element, e.g., PCI/CGI, in common with
another subset, and “k” is an index and takes any value
between 1 and K. Each subset S, guarantees a certain level of
backhaul quality.

[0041] A UE relay selects a PCI at random in subset S, if
and only if the backhaul quality is at least as good as that
guaranteed by subset S,. The selection of the PCI is not
required to be random and a selection of a first PCI or second
PCI or other desired PCI may be made. If there are multiple
sets that meet this criteria (backhaul quality is at least as good
as that guaranteed by subset S,), the UE relay selects the set
that indicates the best backhaul quality from among those
sets. As an example, let the set S of PCIs be partitioned into
K=3 disjoint subsets as:

S=S,US,US,

[0042] where “U” indicates the union of the subsets, and S,
is the set of all PCIs in set S that equal k (mod 3), 1<=k<=3.
[0043] Further, let the subset S, indicate a backhaul link
quality RSRQ of less than 5 dB, S, indicates backhaul link
quality RSRQ between 5 and 15 dB and S; indicates a back-
haul link quality RSRQ greater than 15 dB. Thus, when a UE
reports the RSRP/RSRQ measurement of a neighboring cell
(along with the neighboring cell’s PCI or CGI), the eNB can
determine whether the neighboring cell is a UE relay and may
also receive an estimate of the backhaul link quality of the UE
relay.

[0044] For example, a UE may send a measurement report
to its serving eNB (the first eNB). The measurement report
contains the RSRP/RSRQ of the link between a second eNB
and the UE (the access link) and the PCI/CGI of the second
eNB. The PCI/CGI may identify that the second eNB is a
relay, e.g., the network may configure all UE relays to have a
PCI greater than 400, and the measurement report may indi-
cate to the serving eNB that the second eNB has a PCI of 402.
Moreover since 402=2 (mod 3), the serving eNB also deduces
that that the second eNB has a backhaul link quality that
exceeds 15 dB RSRQ.

[0045] The number K of subsets, and the mapping between
the backhaul quality parameters and a subset S,, is semi-
statically conveyed to eNBs and UE relays using configura-
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tion management, also known as operation and maintenance
(OAM), whereby a common backhaul link quality is mapped
to all PCIs/CGls in a subset S,. If the association decision is
made at the UE instead of at the eNB, then the partitions S,
and the semi-static mapping may be conveyed to the UE and
the UE relays, thereby giving the UE a coarse estimate of the
backhaul geometry of the relays whose primary synchroni-
zation signal (PSS) or secondary synchronization signal
(SSS) and system information block (SIB) it can decode.
[0046] In LTE, a PSS is a sequence sent by an LTE cell
every 5 ms, while a SSS is a secondary signal that the UE uses
to detect frame timing and also to get physical layer cell
identity group information. These synchronization signals
are used in conjunction with the partitions S, and the semi-
static mapping in the method described herein. In general, the
set of pairs (PCI, CGI) are partitioned in an arbitrary fashion
into K subsets S, where 1<=k<=K.

[0047] The embodiment discussed above provides a num-
ber of advantages not found in existing network operations.
The eNB need not be aware of the PCI/CGI of the UE relays
it serves. In addition, the backhaul quality may be encoded in
any field included in the PSS, SSS, Physical Broadcast Chan-
nel (PBCH), and SIB1. UEs may decode these fields from
neighbor cells.

[0048] The backhaul quality may also be encoded in the
PCI/CGI. Encoding the backhaul quality in the PCI/CGI
offers an advantage because the optimal system parameter
settings are not altered. This permits legacy UEs to report
PCI/CGI to the serving eNB. Encoding in the PCI is advan-
tageous because PCI may be autonomously selected by the
relay. However, dynamic PCI changes may disrupt radio
resource management (RRM) procedures and ongoing access
link communication. RRM comprises the system level con-
trol mechanisms used to manage radio resources in the air
interface.

[0049] In addition to encoding backhaul quality in the PCI
or CGI, in a further embodiment, backhaul quality may be
encoded in closed subscriber group identification (CSG ID).
It the CSG ID is used, open cells need to be assigned a CSG
ID. Current procedures make little use of the CSG ID and
encoding in CSG ID is likely to be less disruptive. Encoding
in the CGI is advantageous because dynamic changes don’t
trigger handovers and do not interrupt ongoing access link
communication. However, there may be a larger impact in
OAM if there are built-in dependencies on static CGI.
[0050] In yet another embodiment, the backhaul quality
may be encoded in a new SIB. This embodiment does not
support legacy UEs that would not be capable of decoding
using the new SIB.

[0051] FIG. 3 provides a flowchart 300 of a method for
selecting a cell identifier from a subset of cell identifiers. The
method 300, as described below may be performed by a UE
relay. Alternatively, the method may be performed by one or
more components a communications system, including an
eNB, a network and/or a UE relay.

[0052] Atstep 302 the UE relay measures a backhaul qual-
ity relative to itself and a serving eNB. The measured back-
haul quality may be measured by one or more of backhaul
loading, a reference signal received quality, a delay on a
backhaul and a time of availability of a backhaul link.
[0053] At step 304, the UE relay identifies one or more
subsets of cell identifiers having a mapped backhaul quality
that maps to the measured backhaul quality. The subset may
correspond to the previously described subsets S,. Each ofthe
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one or more subsets has a set of cell identifiers associated
therewith. The cell identifiers may be a PCI or a CGL.
[0054] At step 306, if only one subset is identified, the
method proceeds to step 308, where the UE relay queries a
network, requesting the network to indicate one or more cell
identifiers in the identified subset of cell identifiers that are
available for the UE relay. The indication by the network may
be in the form of a report sent by an eNB. At step 310, the UE
relay selects one of the one or more indicated cell identifiers
for use as PCI/CGI.

[0055] Returning to step 306, if more than one subsets of
cell identifiers is identified by the UE relay, the method pro-
ceeds to step 312 where the UE relay selects a first subset
having a first mapped backhaul quality. At step 314, the UE
relay selects a second subset having a second mapped back-
haul quality. The mapped backhaul quality is received from
the network and may encoded in one of a primary synchro-
nization signal, a secondary synchronization signal, a physi-
cal broadcast channel, and a system information block.
[0056] At step 316, the UE relay compares the first mapped
backhaul quality and the second mapped backhaul quality. At
step 318, the UE relay identifies the mapped backhaul quality
that satisfies a backhaul quality threshold of the UE relay. The
threshold may be based on a variety of factors e.g., the num-
ber K of subsets into which the set of cell identifiers reserved
for UE relays are partitioned, the distribution of backhaul link
quality made by the ensemble of relays in the network. The
method then proceeds to step 308, where the UE relay queries
the network, requesting the network to indicate one or more
cell identifiers in the identified subset of cell identifiers that
are available for selection by the UE relay.

[0057] The UE may determine backhaul quality using a
variety of different measures, such as backhaul loading, that
is how loaded is the cell serving the eNB. Other measures,
such as geometry, evidenced by the RSRQ measurement, and
delay on the backhaul link may be used. In addition, the time
ofavailability may also be encoded. This metric may vary due
to battery life or mobility constraints.

[0058] Additional embodiments may use any combination
of'the above metrics as an indicator of backhaul quality. These
metrics may also be mapped to the subset of PCls in each
subset S,, described above.

[0059] The above metrics may also be used in the determi-
nation of whether to designate the selected UE as a relay. If
this is the case, then the explicit signaling in system param-
eters directed toward the candidate access UEs will not be
needed.

[0060] The method disclosed herein is not limited to a
wireless network environment. Further embodiments permit
a femto cell to use PCI selection to implicitly convey to an
eNB the quality of the femto cell’s wired connection to the
network.

[0061] FIG. 4 is a conceptual data flow diagram 400 illus-
trating the data flow between different modules/means/com-
ponents in an apparatus or system 402. The apparatus may be
a UE functioning as a relay. The UE relay includes a backhaul
quality measuring module 404 that measures a backhaul qual-
ity, a subset identification module 406 that identifies one or
more subsets of cell identifiers having a mapped backhaul
quality that maps to the measured backhaul quality. The one
or more subsets have a set of cell identifiers associated there-
with. In the case of more than one subset, the subset identifi-
cation module 406 may also select a first subset having a first
mapped backhaul quality, select a second subset having a
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second mapped backhaul quality, compare the first mapped
backhaul quality and the second mapped backhaul quality,
and identify the mapped backhaul quality that satisfies a
backhaul quality threshold of the UE relay.

[0062] The UE relay further includes a network query mod-
ule 408 that queries a network to indicate one or more cell
identifiers in the identified subset of cell identifiers available
for the UE relay, cell identifier indication receiving module
410 that receives signals from the network providing the
requested indication, and a cell identifier selection module
412 that selects one of the one or more indicated cell identi-
fiers.

[0063] The UE relay may include additional modules that
perform each of the steps of the algorithm in the aforemen-
tioned flow charts of FIG. 3. As such, each step in the afore-
mentioned flow charts of FIG. 3 may be performed by a
module and the apparatus may include one or more of those
modules. The modules may be one or more hardware com-
ponents specifically configured to carry out the stated pro-
cesses/algorithm, implemented by a processor configured to
perform the stated processes/algorithm, stored within a com-
puter-readable medium for implementation by a processor, or
some combination thereof.

[0064] FIG. 5 is a diagram 500 illustrating an example of a
hardware implementation for an apparatus or system 402'
employing a processing system 514. The processing system
514 may be implemented with a bus architecture, represented
generally by the bus 524. The bus 524 may include any
number of interconnecting buses and bridges depending on
the specific application of the processing system 514 and the
overall design constraints. The bus 524 links together various
circuits including one or more processors and/or hardware
modules, represented by the processor 504, the modules 404,
406, 408, 410 and 412 and the computer-readable medium
506. The bus 524 may also link various other circuits such as
timing sources, peripherals, voltage regulators, and power
management circuits, which are well known in the art, and
therefore, will not be described any further.

[0065] The processing system 514 may be coupled to a
transceiver 510. The transceiver 510 is coupled to one or more
antennas 520. The transceiver 510 provides a means for com-
municating with various other apparatus over a transmission
medium. The transceiver 510 receives a signal from the one or
more antennas 520, extracts information from the received
signal, and provides the extracted information to the process-
ing system 514, specifically the cell identifier indication
receiving module 410. In addition, the transceiver 510
receives information from the processing system 514, spe-
cifically the network query module 408, and based on the
received information, generates a signal to be applied to the
one or more antennas 520. The processing system 514
includes a processor 504 coupled to a computer-readable
medium 506. The processor 504 is responsible for general
processing, including the execution of software stored on the
computer-readable medium 506. The software, when
executed by the processor 504, causes the processing system
514 to perform the various functions described supra for any
particular apparatus. The computer-readable medium 506
may also be used for storing data that is manipulated by the
processor 504 when executing software. The processing sys-
tem further includes at least one of the modules 404, 406, 408,
410 and 412. The modules may be software modules running
in the processor 504, resident/stored in the computer readable
medium 506, one or more hardware modules coupled to the
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processor 504, or some combination thereof. The processing
system 514 may be a component of the UE 250 and may
include the memory 260 and/or at least one of the TX proces-
sor 268, the RX processor 256, and the controller/processor
259.

[0066] In one configuration, the apparatus or system 402/
402' for wireless communication includes means for measur-
ing a backhaul quality, means for identifying one or more
subsets of cell identifiers having a mapped backhaul quality
that maps to the measured backhaul quality, the one or more
subsets having a set of cell identifiers associated therewith,
means for querying a network to indicate one or more cell
identifiers in the identified subset of cell identifiers available
for the UE relay, and means for selecting one of the one or
more indicated cell identifiers. The means for identifying may
include means for selecting a first subset having a first
mapped backhaul quality, means for selecting a second subset
having a second mapped backhaul quality, means for com-
paring the first mapped backhaul quality and the second
mapped backhaul quality, and means for identifying the
mapped backhaul quality that satisfies a backhaul quality
threshold of the UE relay.

[0067] The aforementioned means may be one or more of
the aforementioned modules of the apparatus 402 and/or the
processing system 514 of the apparatus 402' configured to
perform the functions recited by the aforementioned means.
As described supra, the processing system 514 may include
the TX Processor 668, the RX Processor 256, and the con-
troller/processor 259. As such, in one configuration, the
aforementioned means may be the TX Processor 268, the RX
Processor 256, and the controller/processor 259 configured to
perform the functions recited by the aforementioned means.
[0068] While the foregoing method and apparatuses of
FIGS. 3, 4 and 5 are described relative to a UE relay appara-
tus, the method may involve additional components of a com-
munications system. For example, measurement of a back-
haul quality may be provided by a UE relay, while
identification of one or more subsets of cell identifiers having
a mapped backhaul quality that maps to the measured back-
haul quality may be provided by an eNB. In this case, the eNB
may query a network to indicate one or more cell identifiers in
the identified subset of cell identifiers available for the UE
relay. The network may then select one of the one or more
indicated cell identifiers and assign the identified subset to the
UE relay. Such assignment may occur, for example, through
the eNB. In instances where multiple components of a com-
munications system are involved, the illustrations of FIGS. 4
and 5 may be considered systems.

[0069] A potential challenge with the method described
above is the use of techniques to reduce PCI switching.
Embodiments described below address this concern. If the
backhaul geometry dictates the choice of PCI at the UE relay
then frequent PCI switching, especially in UE relays with
connected UEs must be avoided in order to prevent needless
handovers. In the case of a PCI switch, the UE relay would
handover all served UEs to itself on a new PCI. This “blind”
handover procedure, that is, a handover to a cell not detected
or measured previously by the UE is supported in the relevant
standard.

[0070] An additional embodiment designed to reduce PCI
switching provides that UEs with frequent changes in back-
haul geometry when that geometry is tracked over time, do
not advertise themselves as UE relays. A still further embodi-
ment provides that UE relays with connected UEs do not
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switch PCI if the backhaul geometry increases. Instead, these
UEs only switch if the backhaul geometry decreases.

[0071] Yetafurther embodiment provides that the backhaul
geometry RSRQ, is filtered over a longer time scale, such as
tens of seconds, in order to smooth out variations. This
“smoother” RSRQ is used to trigger PCI selection. Hystersis
may also be introduced to map backhaul geometry to PCI.
[0072] Another embodiment provides for a backhaul based
handover method. In the embodiment, in the case of a han-
dover from a macro cell to a UE relay, the handover request
received by the UE relay over the backhaul may include
measurements such as RSRQ and RSRP for multiple cells
reported by the terminal UE.

[0073] The backhaul method is initiated when the UE mea-
sures the signal strength of the macro cell and reports it to the
macro cell. This may be done using methods already provided
in the LTE network architecture. The macro cell then sends a
message, specifically, a handover request to the UE Relay.
The handover request message includes the signal strength of
the macro cell reported by the UE. The UE relay compares the
reported signal strength with its own signal strength to its
serving cell. If the reported signal strength is weaker, then the
decision is success. If the reported signal strength is stronger,
then the decision is failure. The success or failure decision is
reported back to the macro cell. With the report, the macro
cell gets an indication that handover of all UEs at or above the
reported signal strength will not succeed, and it may avoid
making such handovers.

[0074] FIG. 6 provides a flowchart of the backhaul based
method described above. The method 600 may be performed
by a communications system including a macro cell, a UE
relay and a terminal relay. The method begins at start step 602.
In step 604 a terminal UE measures the signal strength of a
macro cell. This signal strength measurement is reported to
the macro cell by the terminal UE in step 606. In step 608, the
macro cell sends a message to a UE relay. This message may
be a handover request and includes the signal strength of the
macro cell reported by the UE relay. The UE relay then
compares the reported strength with its own signal strength to
its serving cell in step 610. If the reported signal strength is
greater, then the comparison is a failure, as noted in step 612.
The failure is reported to the macro cell in step 614. The
macro cell gets an indication that handover of all UEs at or
above the reported strength will not succeed and in step 616
no handover occurs. The process ends at step 618.

[0075] Ifthe reported signal strength is weaker, then in step
620 the UE relay reports success to the macro cell in step 620.
Handover occurs in step 622 and the process ends at step 624.
[0076] Further embodiments of the above method are also
provided. Instead of basing the decision on a simple weaker/
stronger rule, a more complex rule could be used by the UE
relay. This rule could include bias/offset in the decision mak-
ing parameters. A further refinement could provide for the
handover message to go through a mobility management
entity (MME) or to be a direct handoff (X2 handover).
[0077] Several benefits are provided by the above method.
The method provides enough information for a correct han-
dover decision to be made based on signal strength to the
macro cell as well as the backhaul signal strength of the UE
relay. The method also has the ability to operate even if the
terminal UE and the UE relay are served by different cells. In
addition, the method works with and is compatible with sig-
naling messages defined in the current network standard and
architecture.
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[0078] The embodiment discussed above may result in
multiple handover requests being sent out. This raises the
possibility of a large percentage of the handover messages
being refused. In addition, the message works for connected
UESs and does not address operation for idle UEs.

[0079] An additional embodiment allows for a reduction in
the number of handover requests. In this further embodiment,
the eNB sends out requests only if the terminal UE geometry
changes by a predetermined minimum amount. This amount
may be determined by the system operator. As an example,
the eNB may send out a request if the terminal UE geometry
changes by 2 dB.

[0080] A further embodiment handles the situation where
multiple handover requests with different link geometries are
sent out. In this embodiment, the list of accepted and rejected
handovers may be used at the eNB to infer the backhaul
geometry of the UE relay. In this situation, what is actually
inferred is the threshold of macro cell geometry above which
handovers will be refused by the UE relay. This could differ
slightly from the backhaul geometry of the UE relay if offsets
are in use.

[0081] An additional embodiment provides for the use of
“fake” handover requests. These fake requests are made with
no intentions of performing a handover and are sent to probe
the backhaul geometry. A fake handover request does not
measure the signal strength of the macro cell and as a result
does not report that signal strength to the macro cell.

[0082] A still further embodiment allows the use of a
“reject reason” code. If the network architecture provides for
a “reject reason” code this code may be used by the eNB to
infer the backhaul geometry.

[0083] FIG. 7 is a flow chart of a method of wireless com-
munication by a UE relay in response to a handover request
message from a macro cell. The method may be performed by
a UE acting as a relay. At step 702, the UE relay compares a
reported signal strength with a relay signal strength. The
reported signal strength corresponds to a signal strength of
the macro cell. At step 704, the UE relay determines if the
reported signal strength is weaker or stronger than the relay
signal strength. At step 706, if the signal strength is not
weaker, i.e., it is stronger, the process proceeds to step 708,
where the UE relay declares success, and at step 710, reports
the success to the macro cell. If at step 706, the signal strength
is weaker than the relay signal strength, the process proceeds
to step 712, where the UE relay declares failure, and at step
710, reports the failure to the macro cell.

[0084] FIG. 8 is a conceptual data flow diagram 800 illus-
trating the data flow between different modules/means/com-
ponents in an exemplary UE relay 802. The UE relay includes
a comparison module 804 that compares a reported signal
strength with a relay signal strength, the reported signal
strength corresponding to a signal strength of the macro cell,
a determining module 1206 that determines if the reported
signal strength is weaker or stronger than the relay signal
strength, a declaration module 1208 that declares success if
the reported signal strength is weaker than the relay signal
strength, and declares failure if the reported signal strength is
stronger than the relay signal strength, and a reporting module
that reports success or failure to the macro cell.

[0085] The apparatus may include additional modules that
perform each of the steps of the algorithm in the aforemen-
tioned flow chart of FIG. 7. As such, each step in the afore-
mentioned flow charts of FIG. 7 may be performed by a
module and the apparatus may include one or more of those
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modules. The modules may be one or more hardware com-
ponents specifically configured to carry out the stated pro-
cesses/algorithm, implemented by a processor configured to
perform the stated processes/algorithm, stored within a com-
puter-readable medium for implementation by a processor, or
some combination thercof.

[0086] FIG.9 is a diagram 900 illustrating an example of a
hardware implementation for an apparatus 802' employing a
processing system 914. The processing system 914 may be
implemented with a bus architecture, represented generally
by the bus 924. The bus 924 may include any number of
interconnecting buses and bridges depending on the specific
application of the processing system 914 and the overall
design constraints. The bus 924 links together various circuits
including one or more processors and/or hardware modules,
represented by the processor 904, the modules 804, 806, 808,
810 and the computer-readable medium 906. The bus 924
may also link various other circuits such as timing sources,
peripherals, voltage regulators, and power management cir-
cuits, which are well known in the art, and therefore, will not
be described any further.

[0087] The processing system 914 may be coupled to a
transceiver 910. The transceiver 910 is coupled to one or more
antennas 920. The transceiver 910 provides a means for com-
municating with various other apparatus over a transmission
medium. The transceiver 910 receives a signal from the one or
more antennas 920, extracts information from the received
signal, and provides the extracted information to the process-
ing system 914, comparison module 804. In addition, the
transceiver 910 receives information from the processing sys-
tem 914, specifically the reporting module 810, and based on
the received information, generates a signal to be applied to
the one or more antennas 920. The processing system 914
includes a processor 904 coupled to a computer-readable
medium 906. The processor 904 is responsible for general
processing, including the execution of software stored on the
computer-readable medium 906. The software, when
executed by the processor 904, causes the processing system
914 to perform the various functions described supra for any
particular apparatus. The computer-readable medium 906
may also be used for storing data that is manipulated by the
processor 904 when executing software. The processing sys-
tem further includes at least one of the modules 804, 806, 808,
and 810. The modules may be software modules running in
the processor 904, resident/stored in the computer readable
medium 906, one or more hardware modules coupled to the
processor 904, or some combination thereof. The processing
system 914 may be a component of the UE 250 and may
include the memory 260 and/or at least one of the TX proces-
sor 268, the RX processor 256, and the controller/processor
259.

[0088] In one configuration, the apparatus 802/802' for
wireless communication includes means for comparing a
reported signal strength with a relay signal strength, the
reported signal strength corresponding to a signal strength of
the macro cell, means for determining if the reported signal
strength is weaker or stronger than the relay signal strength,
means for declaring success if the reported signal strength is
weaker than the relay signal strength, means for declaring
failure if the reported signal strength is stronger than the relay
signal strength, and means for reporting success or failure to
the macro cell. The aforementioned means may be one or
more of the aforementioned modules of the apparatus 802
and/or the processing system 914 of the apparatus 802' con-
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figured to perform the functions recited by the aforemen-
tioned means. As described supra, the processing system 914
may include the TX Processor 268, the RX Processor 256,
and the controller/processor 259. As such, in one configura-
tion, the aforementioned means may be the TX Processor
268, the RX Processor 256, and the controller/processor 259
configured to perform the functions recited by the aforemen-
tioned means.

[0089] It is understood that the specific order or hierarchy
of steps in the processes disclosed is an illustration of exem-
plary approaches. Based upon design preferences, it is under-
stood that the specific order or hierarchy of steps in the pro-
cesses may be rearranged. The accompanying method claims
present elements of the various steps in a sample order, and
are not meant to be limited to the specific order or hierarchy
presented.

[0090] The previous description is provided to enable any
person skilled in the art to practice the various aspects
described herein. Various modifications to these aspects will
be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects.
Thus, the claims are not intended to be limited to the aspects
shown herein, but is to be accorded the full scope consistent
with the language claims, wherein reference to an element in
the singular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.” Unless spe-
cifically stated otherwise, the term “some” refers to one or
more. All structural and functional equivalents to the ele-
ments of the various aspects described throughout this dis-
closure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedi-
cated to the public regardless of whether such disclosure is
explicitly recited in the claims. No claim element is to be
construed as a means plus function unless the element is
expressly recited using the phrase “means for.”

What is claimed is:

1. A method of wireless communication, comprising:

measuring a backhaul quality;

identifying one or more subsets of cell identifiers having a

mapped backhaul quality that maps to the measured
backhaul quality, the one or more subsets having a set of
cell identifiers associated therewith;

querying a network to indicate one or more cell identifiers

in the identified subset of cell identifiers available for a
UE relay; and

selecting one of the one or more indicated cell identifiers.

2. The method of claim 1, wherein if more than one subsets
of cell identifiers are identified, identifying further com-
prises:

selecting a first subset having a first mapped backhaul

quality;

selecting a second subset having a second mapped back-

haul quality;

comparing the first mapped backhaul quality and the sec-

ond mapped backhaul quality; and

identifying the mapped backhaul quality that satisfies a

backhaul quality threshold of the UE relay.

3. The method of claim 1, wherein the measured backhaul
quality is measured by one or more of backhaul loading, a
reference signal received quality, a delay on a backhaul link,
and a time of availability of a backhaul link.
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4. The method of claim 1, where the cell identifier is one of
aphysical cell identifier (PCI) and a cell global identification
(CGD.

5. The method of claim 1, wherein the mapped backhaul
quality is encoded in one of a primary synchronization signal,
a sccondary synchronization signal, a physical broadcast
channel, and a system information block.

6. The method of claim 1, wherein identifying, querying
and selecting are performed by the UE relay.

7. The method of claim 1, wherein identifying and query-
ing are performed by an evolved Node B (eNB) and selecting
is performed by one of the eNB and the network.

8. An apparatus for wireless communication, comprising:

means for measuring a backhaul quality;

means foridentifying one ormore subsets of cell identifiers

having a mapped backhaul quality that maps to the mea-
sured backhaul quality, the one or more subsets having a
set of cell identifiers associated therewith;

means for querying a network to indicate one or more cell

identifiers in the identified subset of cell identifiers avail-
able for selection by a UE relay; and

means for selecting one of the one or more indicated cell

identifiers.

9. The apparatus of claim 8, wherein the means for identi-
fying further comprises:

means for selecting a first subset having a first mapped

backhaul quality;

means for selecting a second subset having a second

mapped backhaul quality;

means for comparing the first mapped backhaul quality and

the second mapped backhaul quality; and

means for identifying the mapped backhaul quality that

satisfies a backhaul quality threshold of the UE relay.

10. An apparatus for wireless communication, comprising:

a processing system configure to:

measure a backhaul quality;

identify one or more subsets of cell identifiers having a
mapped backhaul quality that maps to the measured
backhaul quality, the one or more subsets having a set
of cell identifiers associated therewith;

query anetwork to indicate one or more cell identifiers in
the identified subset of cell identifiers available for
selection by a UE relay; and

select one of the one or more indicated cell identifiers.

11. The apparatus of claim 10, the processing system fur-
ther configured to:

select a first subset having a first mapped backhaul quality;

select a second subset having a second mapped backhaul

quality;

compare the first mapped backhaul quality and the second

mapped backhaul quality; and

identify the mapped backhaul quality that satisfies a back-

haul quality threshold of the UE relay.

12. A computer program product for an apparatus for wire-
less communication, comprising:

a computer-readable medium comprising code for:

measuring a backhaul quality;

identifying one or more subsets of cell identifiers having
a mapped backhaul quality that maps to the measured
backhaul quality, the one or more subsets having a set
of cell identifiers associated therewith;

querying a network to indicate one or more cell identi-
fiers in the identified subset of cell identifiers avail-
able for selection by a UE relay; and
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selecting one of the one or more indicated cell identifi-
ers.

13. The product of claim 12, further comprising code for:

selecting a first subset having a first mapped backhaul

quality;

sclecting a second subsct having a second mapped back-

haul quality;

comparing the first mapped backhaul quality and the sec-

ond mapped backhaul quality; and

identifying the mapped backhaul quality that satisfies a

backhaul quality threshold of the UE relay.

14. A method of wireless communication by a user equip-
ment (UE) relay in response to a handover request message
from a macro cell, said method comprising:

comparing a reported signal strength with a relay signal

strength, the reported signal strength corresponding to a
signal strength of the macro cell;

determining if the reported signal strength is weaker or

stronger than the relay signal strength;

declaring success if the reported signal strength is weaker

than the relay signal strength;

declaring failure if the reported signal strength is stronger

than the relay signal strength; and

reporting success or failure to the macro cell.

15. The method of claim 13, wherein the comparing is
based on bias or offset values in addition to reported signal
strength.

16. The method of claim 13, wherein the handover request
message is routed to the UE relay through a mobility man-
agement entity.

17. The method of claim 13, wherein the handover request
message is routed directly to the UE relay.

18. The method of claim 13, wherein the signal strength is
included in the handover request message.

19. The method of claim 13, wherein the signal strength is
measured by a terminal UE and reported to the macro cell.

20. The method of claim 13, wherein failure causes the
macro cell to avoid handover of the terminal UE.

21. An user equipment (UE) relay for wireless communi-
cation in response to a handover request message from a
macro cell, said UE relay comprising:
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means for comparing a reported signal strength with arelay
signal strength, the reported signal strength correspond-
ing to a signal strength of the macro cell;

means for determining if the reported signal strength is

weaker or stronger than the relay signal strength;
means for declaring success if the reported signal strength
is weaker than the relay signal strength;

means for declaring failure if the reported signal strength is

stronger than the relay signal strength; and

means for reporting success or failure to the macro cell.

22. An user equipment (UE) relay for wireless communi-
cation in response to a handover request message from a
macro cell, said UE relay comprising:

a processing system configured to:

compare a reported signal strength with a relay signal
strength, the reported signal strength corresponding
to a signal strength of the macro cell;

determine if the reported signal strength is weaker or
stronger than the relay signal strength;

declare success if the reported signal strength is weaker
than the relay signal strength;

declare failure if the reported signal strength is stronger
than the relay signal strength; and

report success or failure to the macro cell.

23. A computer program product for user equipment (UE)
relay for wireless communication in response to a handover
request message from a macro cell, said product comprising:

a computer-readable medium comprising code for:

comparing a reported signal strength with a relay signal
strength, the reported signal strength corresponding
to a signal strength of the macro cell;

determining if the reported signal strength is weaker or
stronger than the relay signal strength;

declaring success if the reported signal strength is
weaker than the relay signal strength;

declaring failure if the reported signal strength is stron-
ger than the relay signal strength; and

reporting success or failure to the macro cell.

#* #* #* #* #*

TP Link Ex. 1007

Page 19



