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Method and Apparatus for Handover Procedures

in a Communication Network

Technical Field

The present invention relates to a method and apparatus for handover
procedures in a communication network, for example handover procedures

involving low complexity category user equipment.

Background
Communication devices such as terminals are also known as, for example,

User Equipment (UE), mobile terminals, wireless terminals and/or mobile
stations. Terminals are enabled to communicate wirelessly in a cellular
communications network or wireless communication system, sometimes also
referred to as a cellular radio system or cellular network. The communication
may be performed e.g. between two terminals, between a terminal and a
regular telephone and/or between a terminal and a server via a Radio Access
Network (RAN) and possibly one or more core networks, comprised within the

cellular communications network.

Examples of wireless communication systems are Long Term Evolution (LTE),
Universal Mobile Telecommunications System (UMTS) and Global System for

Mobile communications (GSM).

Terminals may further be referred to as mobile telephones, cellular telephones,
laptops, or surf plates with wireless capability, just to mention some further
examples. The terminals in the present context may be, for example, portable,
pocket-storable, hand-held, computer-comprised, or vehicle-mounted mobile
devices, machine to machine devices, enabled to communicate voice and/or

data, via the RAN, with another entity, such as another terminal or a server.

The cellular communications network covers a geographical area which is
divided into cell areas, wherein each cell area is served by an access node
such as a base station, e.g. a Radio Base Station (RBS), which sometimes may
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be referred to as e.g. “eNB”, “eNodeB”, “NodeB”, “B node”, or BTS (Base
Transceiver Station), depending on the technology and terminology used. The
base stations may be of different classes, for example such as macro eNodeB,
home eNodeB or pico base stations, based on transmission power and thereby
also cell size. A cell is the geographical area where radio coverage is provided
by the base station at a base station site. One base station, situated on the
base station site, may serve one or several cells. Further, each base station
may support one or several communication technologies. The base stations
communicate over the air interface operating on radio frequencies with the
terminals within range of the base stations. In the context of this disclosure, the
expression Downlink (DL) is used for the transmission path from the base
station to the mobile station. The expression Uplink (UL) is used for the
transmission path in the opposite direction i.e. from the mobile station to the

base station.

In 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE), base
stations, which may be referred to as eNodeBs or eNBs, may be directly

connected to one or more core networks.

Radio access standards relating to 3GPP LTE have been written in order to
support high bitrates and low latency both for uplink and downlink traffic. Data

transmission in LTE is controlled by the radio base station.

One function of 3GPP cellular radio technologies is the control of user mobility
by using the Radio Resource Control (RRC) and X2AP protocols. The network
controls the handover of UEs in a RRC Connected mode from one cell to
another, whereas a UE in Idle mode performs cell selection and reselection
itself. Embodiments herein are illustrated with examples from the Evolved
Universal Terrestrial Radio Access (EUTRA), also known as the LTE system.

When a UE is handed over from a source cell to a target cell, handover
preparation is needed. Upon handover preparation the target radio base station
or eNB is provided with the current UE RRC configuration, for example which
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may be comprised in a handover preparation information message (such as the
HandoverPreperationinformation message, for example as described in 3GPP
Technical Specification TS 36.331, version 12.1.0). This message is used to
transfer the E-UTRA RRC information used by the target eNB during handover
preparation, including UE capability information. The target eNB decides the
RRC configuration after the handover and therefore a RRC configuration
message is transparently sent to the UE via the source eNB as an octet string
comprised in the handover command. Normally full configuration is required if
the target eNB has a different Access Stratum (AS) version than the source
eNB.

If the RRC configuration in the handover preparation message is incomplete or
the source cell has configured the UE with a RRC protocol version that is not
comprehended by the target eNB, the target eNB typically performs a full
configuration (if possible), i.e. performs a reconfiguration from scratch.
Otherwise the target eNB may modify or maintain the current RRC

configuration.

3GPP has recently agreed within the scope of low-cost Machine Type
Communication (MTC) work item to introduce a new UE category termed as a
“low complexity category” (which may also be referred to as category 0, or
category 11). The category 0 is included in the 3GPP Technical Specification
TS 36.331 RRC, Rel-12, version 12.5.0. A problem arises, since this new
category is less capable than legacy UE categories, for example, legacy
category 1. Furthermore, the legacy categories (including categories 1, 2, 3, 4
and 5 that were first introduced with Release 8 of the RRC protocol), such as
category 1, are mandatory to signal even though the low complexity category
UE does not have any such category, and thus full configuration will always be
required from the legacy eNB because it has a different AS version than the
source eNB. In other words, since a legacy UE-Category field is mandatory
required to be present in the UE-EUTRA-Capability container, omitting such a
mandatory field results in a decoding error, and therefore to avoid this all UEs
shall indicate one category in the mandatory field even if they do not support
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any such category.

Accordingly, upon handover preparation, a legacy target eNB that does not
comprehend the new low complexity category may erroneously assume that the
UE may be successfully configured with the indicated legacy category, for
example a legacy category such as category 1. Consequently, the handover
fails and the UE experiences a radio link failure. Subsequently, the UE tries to
trigger RRC Connection Re-establishment which also fails. Finally the UE

transitions to Idle mode where it searches for suitable cells.

This has the disadvantage of causing unnecessary signaling due to the failed
handovers and the unsuccessful RRC connection re-establishment requests,
which results in the inefficient use of bandwidth.

Summary
It is an aim of the present invention to provide a method and apparatus which

obviate or reduce at least one or more of the disadvantages mentioned above.

According to a first aspect of the present invention there is provided a method in
a user equipment. The method comprises the step of providing capability
information in a capability container relating to the user equipment, wherein the
capability information provides an indication of the earliest access stratum (AS)
version that defines a low complexity user equipment category that is supported
by the user equipment.

According to another aspect of the present invention, there is provided a
method in a user equipment. The method comprises the step of providing a
protocol field in a UE-EUTRA-Container to indicate that the UE does not

support legacy categories 1, 2, 3, 4 or 5.

According to another aspect of the present invention, there is provided a
method in a user equipment. The method comprises the step of providing a
protocol field in a UE-EUTRA-Container to indicate that the UE only supports a
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low complexity category relating to Release 12 and above.

According to another aspect of the present invention there is provided a method
in a target base station during a handover preparation procedure of a user
equipment (UE) from a source base station to the target base station. The
method comprises the steps of receiving a capability container relating to the
user equipment, and interpreting capability information in the capability
container to determine the earliest access stratum (AS) version that defines a
low complexity user equipment category that is supported by the user
equipment. The result of the interpretation is used to determine whether the
handover operation should be continued with the user equipment.

According to another aspect of the present invention, there is provided a user
equipment comprising a processor module and a protocol field module. The
protocol field module is adapted to provide capability information in a capability
container relating to the user equipment, wherein the capability information
provides an indication of the earliest access stratum (AS) version that defines a
low complexity user equipment category that is supported by the user

equipment.

According to another aspect of the present invention, there is provided a
network node of a communications network, for example a target base station
node, for example a target eNB. The network node comprises a processing
module, an interpreting module and a processor module. The receiving module
is adapted to receive a capability container relating to a user equipment. The
interpreting module is adapted to interpret capability information in the capability
container to determine the earliest access stratum (AS) version that defines a
low complexity user equipment category that is supported by the user
equipment. The processor module is adapted to use the result of the
interpretation module to determine whether a handover operation should be
performed with the user equipment.

Brief description of the drawings
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For a better understanding of examples of the present invention, and to show
more clearly how the examples may be carried into effect, reference will now be

made, by way of example only, to the following drawings in which:

Figure 1 shows an example of a communication network in which embodiments

of the invention may be used;

Figure 2 shows a method according to an embodiment of the invention;

Figure 3 shows a method according to another embodiment of the invention;

Figure 4 shows a method according to another embodiment of the invention;

Figure 5 shows a method according to another embodiment of the invention;

Figure 6 shows a method according to another embodiment of the invention;

Figure 7 shows a user equipment according to an embodiment of the invention;
and

Figure 8 shows a network node according to an embodiment of the invention.

Detailed description

The embodiments of the invention, as described herein, introduce an
additional or new protocol field in a UE capability container, or reuse a legacy
information element, where the UE indicates the earliest supported Access
Stratum (AS) release or version. A network node, such as a target eNB can
obtain the indicator from the UE capability container, which may be included in
a handover preparation information message provided, for example, by a
source eNB. If the target eNB does not support the indicated earliest
supported AS release of the UE, the handover preparation can be rejected by
the target eNB. In that way, the source eNB can try to handover the UE to

another eNB or to another frequency. By “new” or “additional” protocol field it
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is meant that the protocol field is provided for the purpose of assisting

handover for low complexity category UE devices.

The embodiments of the invention described herein have the advantage that
unnecessary signaling caused by failed handovers and unsuccessful RRC
connection re-establishments are avoided. Consequently, network resources
are used in a more efficient manner and UE battery lifetime is prolonged.

Terminologies
The following common terminologies are used in the embodiments and are

elaborated below:

Network node: In some embodiments a term “network node” is used and it may
correspond to any type of radio network node or any network node, which

communicates with at least a radio network node.

User equipment: In some embodiments the non-limiting term user equipment
(UE) is used and it refers to any type of wireless device communicating with a
radio network node in a cellular or mobile communication system. Examples of
UEs are target device, device to device UE, MTC UE or UE capable of machine
to machine communication, PDA, iPAD, Tablet, mobile terminals, smart phone,
laptop embedded equipped (LEE), laptop mounted equipment (LME), USB

dongles etc.

It is noted that although terminology from 3GPP LTE/SAE has been used in this
disclosure to exemplify the embodiments herein, this should not be seen as
limiting the scope of the embodiments herein to only the aforementioned
system. Other wireless systems may also benefit from exploiting the ideas
covered within this disclosure.

It is also noted that terminology such as a first network node and a second
network node should be considered to be non-limiting and does in particular not
imply a certain hierarchical relation between the two.
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In this section, the embodiments herein will be illustrated in more detail by a
number of exemplary embodiments. It should be noted that these embodiments
are not mutually exclusive. Components from one embodiment may be tacitly
assumed to be present in another embodiment and it will be obvious to a
person skilled in the art how those components may be used in the other

exemplary embodiments.

Prior to describing the embodiments of the present invention, reference will first
be made to Figure 1, which depicts parts of one or more wireless
communications networks 100 in which the embodiments herein may be
implemented. The one or more wireless communications networks 100 may for
example be LTE, UMTS, GSM, and 3GPP wireless communications networks,
or any cellular wireless communications network or system capable of handling

UEs of more than one category or of different capabilities.

The wireless communications network 100 comprises a plurality of base
stations and/or other network nodes. More specifically, the wireless
communications network 100 comprises a first network node 111. The first
network node 111 is also referred to herein as a source network node. The
wireless communications network 100 further comprises a second network
node 112. The second network node 112 is also referred to herein as a
candidate or target network node. The first and second network nodes 111, 112
may be a base station, such as an eNB. The base station may also be referred
to as a NodeB, an evolved Node B (eNB, eNode B), a base transceiver station
(BTS), Access Point Base Station, base station router, or any other network unit
capable of communicating with a user equipment within a cell served by the
base station depending e.g. on the radio access technology and terminology

used.

In some embodiments the first network node 111 and the second network node
112 belong to two different wireless communications networks. For example,

the first network node 111 may belong to an UMTS network and the second
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network node 112 may belong to an LTE network. The first network node 111
may then be a Radio Network Controller (RNC) in the UMTS network. The first
network node 111 may serve a first cell 121, also referred to as a source cell,
the second network node 112 may serve a second cell 122, also referred to as
a candidate cell or target cell.

A cell is a geographical area where radio coverage is provided by network node
equipment such as WiFi AP equipment, base station equipment at a base
station site or at remote locations in Remote Radio Units (RRU). The first
network node is an example of such network node equipment. The cell
definition may also incorporate frequency bands and radio access technology
used for transmissions, which means that two different cells may cover the
same geographical area but using different frequency bands. Each cell is
identified by an identity within the local radio area, which is broadcast in the cell.
Another identity for identifying cells uniquely in the whole of a wireless
communication network is also broadcasted in the cells. Network nodes, such
as base stations and WiFi AP, communicate over the air or radio interface
operating on radio frequencies with the user equipments within range of the
network nodes. The user equipment transmit data over the radio interface to
network nodes, such as base stations and WiFi AP, in Uplink (UL)
transmissions, and network nodes, such as WiFi AP and base stations, transmit
data over an air or radio interface to the user equipment in Downlink (DL)

transmissions.

The first network node 111 communicates with user equipments in the first cell
121, such as a user equipment 140 of the first category, also referred to as an
UE or a wireless device, which is to be handed over to a cell different from the
first cell 121. The handover may, for example, be due to mobility of the user
equipment 140. The user equipment 140 is of the first category, i.e. a low
complexity category (or category 0), for example an MTC user equipment.

The user equipment 140 may e.g. be a mobile terminal or a wireless terminal, a
mobile phone, a computer such as a laptop, a Personal Digital Assistants
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(PDAs) or a tablet computer, sometimes referred to as a surf plate, with
wireless capability, or any other radio network units capable of communicating
over a radio link in a wireless communications network. It is noted that the term
user equipment used in this document also covers other wireless devices such

as Machine to machine (M2M) devices, even though they do not have any user.

More specifically the following are embodiments related to the user equipment,
target network node and source network node, for example relating to handover
procedures that may involve user equipment having a low complexity category.

According to one embodiment, there is defined an enhanced or new protocol
UE capability container as defined in TS 36.331 Radio Resource Control
(RRC) protocol, version 12.1.0, sub-clause 6.3.6. A field indicates the earliest

supported AS release or version.

An example of one possible way of specifying the field, according to an
embodiment of the invention, is to define an enumerated list of AS release
values and make use of the legacy AS indication information element which is
then defined as follows (and with the further details given later in the

application relating to protocol field “earliestSupported-AS’) :

AcddagaSrratumRalaggaiins ENUMERATED: |
pelfriralgira TR ne LT s e d g pEY e 3
sparerispapalpny

Alternatively, according to another embodiment a new, i.e. additional
information element can be defined with less code points than in a legacy
information element because the low complexity categories are introduced so

late as in Rel-12.

The additional information element can be composed of only a code point that
indicates whether the earliest supported AS version is earlier than Rel-12, i.e.

where the first low complexity category is introduced. According to one
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example the additional protocol field is defined in terms of abstract syntax

notation in the following manner:

5 legacyCategory ENUMERATED {notsupported} OPTIONAL,

This type of indication means that the UE indicates that its earliest supported
AS version is Rel-12 and therefore the UE does not support any of the legacy

10  categories, i.e. does not support categories 1, 2, 3, 4 or 5 that were introduced
with Rel-8. As such, by specifying that the earliest supported AS version is
Rel-12, this implies that the UE does not support legacy UE categories. An
example of the semantics of the protocol field is described below:

15  legacyCateqgory

The presence indicates that the UE does not support the indicated Rel-8

category 1, 2, 3, 4 or 5. This can be used by a target eNB during handover

preparation to decide if a RRC configuration can be prepared with the indicated

Rel-8 category. Absence of the field means that the UE supports the indicated
20 Rel-8 category.

In an embodiment that uses a legacy information element to convey the
required capability information (instead of providing an additional or new
protocol field as described above) the introduction of the protocol field based
25 on the reused AccessStratumRelease information element is exemplified
below where the field is included in a noncritical extension defined in terms of

abstract syntax

notation.
UESEUTRASCapapibity s SEQUENCE::1
JodsgsstratunReleags AodagaiErapumRalayass
nEsCategory INTEGER LSy
pdeprParansters PRCP=ParaAmMSTersy
phiyliaverParametars PhiyliaverParamat ars;
rE=Parametenrs RE=Paramaters:
meagPadramerers MegdParameterg;
FagtureGrotpindicatory BITUSTRING ST AR EZ200 ORTIONAL:

THESrRAT-Paramatery SEOUENGE::
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UtEarDD

UERATODLE

UEraTDD384

Ut EaThD768

gerar

Cdma 20 00=HRPD

SEma 20T TRRTT
b
nonCrit ol X vension

}

senRegularnonidriticaliextensions

UESEUTRESCApab L Iey v 205 Ths
pRVLaverParanetarssy g
INEerRATParamatar sCRRAN 020
TREErRAT S ParanetersUTRASVIZN
inCerRATPArAmet r SCOMAZ 00 05920
deviceTypesrg
cggsPraxinityindidationParanetery-ng
netghCa LS THRegquigitionParanagterssng
Son=Raraneterssrg
noRCEIt e IERtension

1

UE-RUTRA-Capabi ity voA0-Tis
TarveNonCrivicalERtension

PCT/SE2015/050512

12

IRAT - ParametaralUTRAEDL OPTITONATL,
TRATSPAraMet e s UTRACTDDEZE OPTTONALY
IRAT-Paraneter sUTRASTDD3 84 OPTIONAL:
TRAT - ParamerarsUTRESTDOTS S OPTTONAL
TRAT=ParanataersCRRAN OPTITONAL;
TRAT DR PAMe e s COMRZ 0D 0 HREPT ORTTONAL:
IRAT-Parameter sCDMA2 000 I XRTT OPTTONATL

UE‘EUTRA‘CapabilityAvg2O‘IES OBRTITONAL

SEQUENCE:{

PhVLaverParanetarssy g2y
TRAT=ParanstergsCERAN=9205;
TRATSPAramat e s UTRASY 20 OPTTONALY
TRAT-ParametersCOMAZ OO 0= TXRT Ty 020 OR T TONKLY

ENUMBRATED:{noBenFromBatConsumpOpt 0P TTONAL
CoG=ProximityIndicationParanatergspay
NeighCellsTAvgquisitionParaneters=rg;
SON=Raramatergsrdy

UB=EUTRASCApabITI Y =vaa0ThSs OPTTONAL

SEQUENCE::{

OCTET STRING: (CONTATNING: UR=BUTRA=Capability-viad-Thay

OBRTIONAL;

nentriticalbExtension UESEUTRA=Capability-vi020=TIEs OPTIONAL

1

UESEUTRESCApab L Iey v 020 TR SEQUENCE:{
destategory k2 INTREGER 68y OPTITONAL:
phylaverParamneters=vig2y PhylaverParameters-vioRy OPTITONAL:
o Paranaters sy loeg REcParameterssviozg OPTTONAL;
mesgRaramaterasy iz MeagParanstens v 1020 ORTIONAL:
featureGroupIndRet10=r10 BETHSTRING CSTRE 32 OPTITONAL:
TnterRATHParametersCOMAZO00v 1020 IRAT-RATanNeter sCOMAZ OO0 IXRTT = 1020 OPTIONAL:
ga=RagadNetwParfMayaParanaaramphineRassd e gPa s fMay e P amaf a1 ORTTONAL:
INCerRAT-Parameter sUTRASTDDE 1020 IRAT-Parame e sUTRASTDD V10240 CPTIONAL;,
nonCritiealRrtensgion UR=FRUTRA=Capabiiiey=vI0e0=TRs OPTTONAL

}

UE=RUTRA-Capabibity-vi060-TEs

SEQUENCE::{

FddHRddHURSFEUTRASCApabilities-vi0e 0 U EUTRASCEpabi LIty AdAX DD Mode 1060 OPTTONAL;
EddsRddEUBSEUTRASCHpER I Tt e st 06 0N UESEUTRACapab i Tl vy RddX DD-Modesr 1060 CETTONAL:
pEsParameters=oed REZPErameterg=vlasd CPTIONAL;,
nonCritiealRrtensgion UR=FRUTRASCapabIiiey=vi090=TRs OPTTONAL
}
UE‘EUTRA‘CapabilityAvlOQO‘IES = SEQUENCE:
rErpataneteng v 1090 RE=Parametensyligog ORTTONAL;
monCriticatbxtension UE=BUTRA-Capabi ity -vi130-1Es CPTTONAL
¥
Ur=EUTRASCapability-vlil30-TEy = SEQUENCE:
pdeprParansterssviizo PROP=ParaAnetersavEE30;
phvLaverParanetarssy iz PRVLaverParanetarssy iz OPTITONAL:;
rErpataneteng v LTE0 RE=Patametanra syl 30,
measParameten gy LI MeagParameter gy TR0y
interRATPArametersCOMAZ 0D 030 IRATHPArAMEt e SCOMAZ 00013105
stherParametergsrll OthersParamaterssnlly
fadsRdd-Ur=pUTRA-Capabilities-vii30 UE-EUTRA=Capabi it yAddxph-Mode-vil3g OPTTONAL
EdisRddEUESEUTRASCHpER I T e s T IR 0N TR SRUTRACC A pa b T by RddX DDeModesr 1 130 CETTONAL:
nentriticalbExtension UESEUTRA=Capabitity-vi170=TEs OPTIONAL
1
UE=EUTRA=CApAR T LIy LT g TR SEQUENCE
phylayerParameters=vii70 PhylayerParameters=vii70 OPTTONAL;
UerCategony LT INTEGER 910y OPTTONAL;
nonCritidalEXtension UE~EUTRA-Capability-vl2xy-IEs OPTIONAL
¥
UE-BUTRA-Capability-vl2xy-1Eg 1= SEQUENCE ]
earliestSupported=AS AacassStratuniReleage OPTIONAL;
nonCriticalkExtension SEOUENCE ) OPTTONAL
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The new information according to embodiments of the invention is shown in

bold at the bottom of the table above.

The enumeration may contain spare values for future releases, and they can
be used in the same manner as with the normal AS release indicator. The
protocol field description includes semantics of the field and explanation of the
possible use at the network side, for example as described below:

earliestSupported-AS

The protocol field “earliestSupported-AS” indicates, e.g. to a target eNB, the
earliest Access Stratum release that defines a low complexity category that is
supported by the UE. It is noted that the expression “earliestSupported-AS” is
merely an example of the notation that may be used, and that other expressions
may be used to denote the same field. This can be used by other network
nodes, for example by a target eNB, to decide if handover is possible for the
UE. If this field is not present, the target (e.g. eNB) assumes that the UE can
support all categories from the Rel-8 version of the RRC protocol. In this
manner, this is all of the information that the target, such as an eNB needs, and
a target eNB may also infer other information, for example that the UE supports
a low complexity category that is not supported by the target eNB, even though
the target eNB does not comprehend the exact value of the category because it
does not implement a future Release. This is sufficient for a target eNB to make

a decision about whether the UE should be handed over or not.

It is noted that the reference to the expression “AccessStratumRelease” in the
syntax above is merely an example of the notation that may be used, and that

other expressions may be used to denote the same field.

The embodiments of the invention make use of methods for populating the
additional protocol field in the UE side of the radio interface and interpreting
the populated value at the network side during handover preparation. An
example of the method at the UE side of the radio interface is as follows:
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1. If the UE supports low complexity categories and does not
support any of the legacy categories, include the protocol field in the
message. Otherwise go to step 3.

2. Set the protocol field to a value that indicates the earliest AS
version that defines a low complexity category that is supported by the
UE.

3. Procedure ends.

Figure 2 shows the steps performed in a user equipment according to an
embodiment of the invention. The method comprises the step of providing
capability information in a capability container relating to the user equipment,
wherein the capability information provides an indication of the earliest access
stratum (AS) version that defines a low complexity user equipment category that

is supported by the user equipment, step 201.

The capability information may comprise a protocol field in the capability

container relating to the user equipment.

According to one embodiment the protocol field comprises an additional
protocol field. For example, the additional protocol field can provide an
indication as to whether the earliest supported AS version is earlier than

Release 12.

In such an embodiment the presence of the additional protocol field in the
capability container of the UE provides an indication to other network nodes that
the UE is not capable of supporting other UE categories of earlier AS versions
(for example cannot support categories 1, 2, 3, 4 or 5 of versions Rel-8, Rel-9,
Rel-10 or Rel-11).

In other words, in such an embodiment the absence of the additional protocol
field in the capability container of the UE provides an indication to other network
nodes that the UE is capable of supporting other UE categories of earlier AS
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versions, including categories 1 to 5 of Rel-8 and above.

The additional protocol field may comprise a one bit indicator, and may
reference, for example, a LegacyCategory information element.

According to another embodiment the protocol field comprises a legacy
information element that is reused to provide the capability information. For
example, the protocol field may comprise an AccessSiratumRelease

information element.

In such an embodiment the AccessStratumRelease information element may

comprise an enumerated list of the AS release values supported by the UE.

The AccessStratumRelease information element may further comprise one or
more spare values for use with future AS release values. The protocol field may
be included in a noncritical extension defined in terms of abstract syntax

notation.

Figure 3 shows the method performed in a user equipment according to another

embodiment of the present invention.

In step 301 it is determined if the UE supports a low complexity category. In
step 303 it is determined if the UE does not support any legacy categories. If
these criteria are met, the protocol field is set to a value that indicates the
earliest AS version that defines a low complexity category that is supported by
the UE, step 305.

The capability information (for example provided as an additional protocol field
or a reused information element) can be used by a target base station during a
handover preparation procedure to determine if handover is possible for the UE
with that target base station.

Upon handover preparation the source eNB normally provides the UE-EUTRA
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capability information to the target eNB. The target eNB requires a method for
interpretation of the capability information, the results of which can be used to
assist with a decision regarding whether to accept or reject the handover
preparation. According to an embodiment of the invention, the target eNB logic
for interpretation of the value can be described, for example, with the following
method:

1. If the earliestSupported-AS release is present and set to an
unknown value or the value is present but unspecified in the eNB'’s
supported RRC protocol version, consider that the UE does not support
the indicated Rel-8 category and go to step 5.

2. If the earliestSupported-AS release is present and set to a value
that is higher than the target eNB is able to handle, consider that the
UE does not support the indicated Rel-8 categories and go to step 5.

3. If the earliestSupported-AS release is present and set to a value
that is specified in the eNB’s supported RRC protocol version and the
AS release indication is comprehended and supported, consider that
the UE does not support the indicated Rel-8 categories and go to step
5.

4. If the earliestSupported-AS release is absent, consider that the
UE supports the indicated Rel-8 category.

5. Interpretation procedure ends.

After the interpretation, the target eNB can decide whether to reject or accept
the handover preparation. This type of decision can be based on many
aspects where the outcome of the above-described interpretation method is

taken into account.

Figure 4 shows a method performed in a target base station according to an
embodiment of the present invention, during a handover preparation procedure
of a user equipment (UE) from a source base station to the target base station.
The method comprises the step of receiving a capability container relating to the
user equipment, step 401. In step 403 capability information in the capability
container is interpreted to determine the earliest access stratum (AS) version
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that defines a low complexity user equipment category that is supported by the
user equipment. The result of the interpretation is used to determine whether
the handover operation should be continued with the user equipment, step 405.

The interpretation step may comprise determining if an additional protocol field
is present or absent, wherein the additional protocol field provides an
indication as to whether the earliest supported AS version is earlier than
Release 12.

In such an embodiment, determining the presence of the additional protocol
field in the capability information relating to the UE provides an indication that
the UE is not capable of supporting other UE categories of earlier AS versions.
As a consequence, the target base station may take action to halt a handover
operation with that UE. For example, upon determining that the additional
protocol field is present, the method may further comprises the step of
discontinuing a handover procedure with the UE.

In an alternative embodiment, determining the absence of the additional
protocol field in the capability information relating to the UE provides an
indication that the UE is capable of supporting other UE categories of earlier AS
versions, including categories 1 to 5 of Rel-8 and above. Following a
determination that the additional protocol field is absent, the method may further
comprise the step of continuing a handover procedure with the UE.

The additional protocol field may comprise or may reference, for example, a
LegacyCategory information element. This may comprise a one bit flag.

The interpretation step performed in the target base station may comprise the
step of determining from a reused information element an indication of the
earliest access stratum (AS) version that defines a low complexity user

equipment category that is supported by the UE.

The interpretation step performed in the target base station may comprise the
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step of determining if an earliestSupported-AS release protocol field is present
and set to an unknown value, or if the value is present but unspecified in an
RRC protocol version supported by the target base station, and if so,
considering that the UE does not support an AS Rel-8 category.

The interpretation step performed in the target base station may comprise the
step of determining if an “earliestSupported-AS release protocol field is
present and set to a value that is higher than the target base station is able to
handle, and if so, considering that the UE does not support an AS Rel-8

category.

The interpretation step performed in the target base station may comprise the
step of determining if an earliestSupported-AS release is present and set to a
value that is specified in an RRC protocol version supported by the target
base station, and if the indicated UE category is comprehended and
supported, and if so, considering that the UE does not support an AS Rel-8

category.

The interpretation step performed in the target base station may comprise the
step of determining if an earliestSupported-AS release protocol field is absent,
and if so, considering that the UE supports an AS Rel-8 category.

From the above it can be seen that in an embodiment where the method is
performed in the target base station, the absence of a particular protocol field
may indicate that the UE can support all categories from a predetermined
version of the RRC protocol and above, for example wherein the predetermined

version is version 8 of an RRC protocol and above.

Figure 5 shows a method in a user equipment, according to another
embodiment of the invention. The method comprises the step of providing a
protocol field in a UE-EUTRA-Container to indicate that the UE does not
support legacy categories 1, 2, 3, 4 or 5, step 501.



10

15

20

25

30

WO 2015/171065 PCT/SE2015/050512

20

Figure 6 shows a method in a user equipment, according to another
embodiment of the invention. The method comprises the step of providing a
protocol field in a UE-EUTRA-Container to indicate that the UE only supports a
low complexity category relating to Release 12 and above, step 601.

Figure 7 shows a user equipment 700 according to an embodiment of the
invention. The user equipment 700 comprises a processor module 701 and a
protocol field module 703. The protocol field module 703 is adapted to provide
capability information in a capability container relating to the user equipment,
wherein the capability information provides an indication of the earliest access
stratum (AS) version that defines a low complexity user equipment category that

is supported by the user equipment.

In the user equipment 700 of Figure 7, the processor module 701 may be
adapted to perform the method steps described above, relating to the user
equipment. The user equipment may comprise a memory 705.

Figure 8 shows a network node 800 of a communications network according to
another embodiment of the invention, for example a target base station during a
handover procedure. The network node 800 comprises a processing module
801, a receiving module 803 and an interpreting module 805. The receiving
module 801 is adapted to receive a capability container relating to a user
equipment. The interpreting module 805 is adapted to interpret capability
information in the capability container to determine the earliest access stratum
(AS) version that defines a low complexity user equipment category that is
supported by the user equipment. The processor module 801 is adapted to use
the result of the interpretation module to determine whether a handover
operation should be performed with the user equipment.

In the network node 800 of Figure 8, the processor module 801 may be adapted
to perform the method steps as described above in relation to the target base
station, for example target eNB.
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From the above it can be seen that the embodiments of the invention introduce
an additional protocol field (or reuse a legacy information element) in UE
capability signaling to indicate the earliest Access Stratum version that defines
a low complexity UE category that is supported by the UE. The embodiments
of the invention define a method for setting the field value and another method
in the target eNB to interpret the value. The outcome of the interpretation
determines whether the UE supports legacy categories or not. This
interpretation can be used as part of the decision regarding whether or not a
handover procedure should be carried out between that UE and that target
eNB.

For example, the embodiments of the invention provide a solution to a
problem where a target and source eNBs may have different access stratum
releases. If the target eNB is of an earlier version that the UE and the source
eNB, the target eNB does not comprehend a category information field
because it cannot decode future extensions. So, the information for the
handover decision is in future extensions that are not comprehended by the
target eNB, and therefore UE categories cannot be reliably used for the
decision whether to perform a handover or not. Embodiments described herein
have the advantage of using, for example, the AccessSiratumRelease
information element, which is forward compatible. The
AccessStratumRelease, as described above, is a list that was defined in Rel-
8, and basically contains code points for future releases (even though they are
named as spare values they are still comprehended by all nodes). This means
that the indication of earliestSupported-AS can indicate, e.g. to a target eNB
that is based on a Rel-12 version, that the UE is of e.g. Rel-15, and that the
UE has a low complexity category even though the target eNB that is based
on Rel-12 is not capable of reading the exact category indication extension
and the category number. The target eNB can, however, comprehend the
acess stratum version indication, and accordingly it can, for example, reject a
handover preparation if it does not know anything about the Rel-15 low
complexity categories. As such, a part of the information that is in future
extensions (which by definition cannot be comprehended by a legacy target
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eNB because it cannot decode future extensions) is effectively smuggled to
the target eNB with the access stratum release indication, e.g. with the
indication of earliestSupported-AS version.

Thus, a benefit of the embodiments described herein is that the ambiguities with
category handling are avoided for low complexity UEs by using a protocol field,
for example a simple one-bit indicator that overrides the mandatory present
legacy category field, or a reused protocol field to identify a list of supported AS

versions.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many
alternative embodiments without departing from the scope of the appended
claims. The word “comprising” does not exclude the presence of elements or
steps other than those listed in a claim, “a” or “an” does not exclude a plurality,
and a single processor or other unit may fulfil the functions of several units
recited in the claims. Any reference signs in the claims shall not be construed

so as to limit their scope.
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CLAIMS

1. A method in a user equipment, the method comprising the step of
providing capability information in a capability container relating to the user
equipment, wherein the capability information provides an indication of the
earliest access stratum, AS, version that defines a low complexity user
equipment category that is supported by the user equipment (step 201).

2. A method as claimed in claim 1, wherein the capability information
comprises a protocol field in the capability container relating to the user

equipment.

3. A method as claimed in claim 2, wherein the protocol field comprises an
additional protocol field.

4. A method as claimed in claim 3, wherein the additional protocol field
provides an indication as to whether the earliest supported AS version is earlier
than Release 12.

5. A method as claimed in claim 4, wherein presence of the additional
protocol field in the capability container of the UE provides an indication to other
network nodes that the UE is not capable of supporting other UE categories of

earlier AS versions.

6. A method as claimed in claim 4, wherein absence of the additional
protocol field in the capability container of the UE provides an indication to other
network nodes that the UE is capable of supporting other UE categories of
earlier AS versions, including categories 1 to 5 of Rel-8 and above.

7. A method as claimed in any one of claims 3 to 6, wherein the additional
protocol field comprises a one bit indicator, or references a LegacyCategory

information element.
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8. A method as claimed in claim 2, wherein the protocol field comprises a

legacy information element that is reused to provide the capability information.

9. A method as claimed in claim 8, wherein the legacy information element

comprises an AccessStratumRelease information element.

10. A method as claimed in claim 9, wherein the AccessStratumRelease
information element comprises an enumerated list of the AS release values

supported by the UE.

11. A method as claimed in claim 10, wherein the AccessStratumRelease
information element further comprises one or more spare values for use with

future AS release values.

12. A method as claimed in any one of claims 8 to 11, wherein the protocol
field comprises an earliestSupported-AS protocol field, for indicating the earliest
access stratum release that defines a low complexity category that is supported
by the UE.

13. A method in a target base station during a handover preparation
procedure of a user equipment (UE) from a source base station to the target
base station, the method comprising the steps of:
receiving a capability container relating to the user equipment (step
401);
interpreting capability information in the capability container to
determine the earliest access stratum (AS) version that defines a low
complexity user equipment category that is supported by the user equipment
(step 403); and
using the result of the interpretation to determine whether the
handover operation should be continued with the user equipment (step
405).
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14. A method as claimed in claim 13, wherein the interpretation step
comprises:

determining if an additional protocol field is present or absent, wherein
the additional protocol field provides an indication as to whether the earliest
supported AS version is earlier than Release 12.

15. A method as claimed in claim 14, wherein determining the presence of the
additional protocol field in the capability information relating to the UE provides
an indication that the UE is not capable of supporting other UE categories of

earlier AS versions.

16. A method as claimed in claim 15, wherein following a determination that
the additional protocol field is present, the method further comprises the step of

discontinuing a handover procedure with the UE.

17. A method as claimed in claim 14, wherein determining the absence of the
additional protocol field in the capability information relating to the UE provides
an indication that the UE is capable of supporting other UE categories of earlier
AS versions, including categories 1 to 5 of Rel-8 and above.

18. A method as claimed in claim 17, wherein following a determination that
the additional protocol field is absent, the method further comprises the step of

continuing a handover procedure with the UE.

19. A method as claimed in any one of claims 14 to 18, wherein the
additional protocol field comprises a one bit indicator, or references a

LegacyCategory information element.
20. A method as claimed in any one of claims 13 to 19, wherein absence of a
particular protocol field indicates that the UE can support all categories from a

predetermined version of the RRC protocol and above.

21. A user equipment (700) comprising:
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a processor module (701); and

a protocol field module (703);

wherein the protocol field module is adapted to provide capability
information in a capability container relating to the user equipment, wherein the
capability information provides an indication of the earliest access stratum (AS)
version that defines a low complexity user equipment category that is supported

by the user equipment.

22. A user equipment (700) as claimed in claim 21, wherein the processor
module (701) is adapted to perform a method as defined in any one of claims 1
to 12.

23. A network node (800) of a communications network, the network node
(800) comprising:
a processing module (801);
a receiving module (803) adapted to receive a capability container
relating to a user equipment; and
an interpreting module (805) adapted to interpret capability
information in the capability container to determine the earliest access
stratum (AS) version that defines a low complexity user equipment
category that is supported by the user equipment;
wherein the processor module (801) is adapted to use the result of
the interpretation module to determine whether a handover operation
should be performed with the user equipment.

24. A network node (800) as claimed in claim 23, wherein the processor
module (801) is adapted to perform the method steps as defined in any one of
claims 13 to 20.

25. A method in a user equipment, the method comprising the step of:
providing a protocol field in a UE-EUTRA-Container to indicate that
the UE does not support legacy categories 1, 2, 3, 4 or 5 (step 501); or
providing a protocol field in a UE-EUTRA-Container to indicate that
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the UE only supports a low complexity category relating to Release 12 and

above (step 601).
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Provide capability information in a capability container relating
to the user equipment device, wherein the capability information
provides an indication of the earliest access stratum (AS) version that
defines a low complexity user equipment category that
is supported by the user equipment device

Figure 2
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301 Determine if the UE supports a low complexity category
I

3037 Determine if the UE does not support any legacy categories

If above criteria met, set the protocol field to a value that indicates the
3051 earliest AS version that defines a low complexity category that is
supported by the UE

Figure 3
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4037 determine the earliest access stratum (AS) version that
defines a low complexity user equipment category that
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with the user equipment device

Figure 4
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