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1. Introduction

The possibility of allowing UE capabilities to change dynamically during an RRC connection was quite difficult to introduce into UMTS.  In the December 2007 LTE RRC ad-hoc, RAN2 considered whether to specify a similar mechanism for LTE and decided that there was no clear use case.  However, the design of the UE capability was still in flux at that time, and the decision to store UE capability in the MME requires another look at this general issue.

2. Discussion

A number of UE capabilities could be updated by user action—for instance, the RAT support of a UE could be changed from the user interface, or an external device such as a GPS receiver could be connected to the phone.  The assumption of past discussions in this area was that it was reasonable to expect the user to wait for a new RRC connection before such changes became effective (“you can connect the device, but it won’t be recognised until the next time you make a call”).

However, now that UE capability is stored in the MME and is not necessarily updated at each RRC connection, even passing through RRC_IDLE does not necessarily update the capability.  If the UE capability changes while the UE is idle but attached, there is no mechanism for indicating the change to the network, and the new capability will not be reflected in the MME until the network decides to interrogate the UE for its capability.

From the user perspective, the state of being attached to the core network is rather opaque, and it is not clear that the user can be expected to wait for (or to force) a “detach and reattach” procedure before changes affecting UE capability take effect.

Broadly speaking, the possible solutions fall into three groups:

1. Update UE capability immediately when there is a change;

2. Update UE capability at each RRC connection;

3. Update UE capability at RRC connection establishment if it has changed.

When the issue was last considered, there was no real interest in a solution of the first type at least for Rel-8; it offers an advantage over the other two only if there is a perceived need to update the capability in RRC_CONNECTED.  While such a need might exist in future releases, e.g., for MBMS reception, none has been identified for Rel-8, and therefore we will concentrate on groups 2 and 3 in this document.
The second type of solution is similar to UMTS before the introduction of dynamic capability changes.  The UE capability would most likely be introduced to the RRCConnectionSetupComplete message.  An alternative, which could be accomplished with no specification impact or with a note to guide network implementations, would be for the eNode B to initiate the UE capability transfer procedure after each RRC connection establishment.  In either case, the UE capability would obviously be up to date whenever the UE was in RRC_CONNECTED (except perhaps for the very brief period between connection establishment and the commencement of capability interrogation), and the solution has the advantage of being straightforward.  However, in the vast majority of cases, the capability would be transferred for no benefit (since changes should be rare).  Moreover, requiring an update at each RRC connection would essentially undo the benefits of having a persistent UE capability stored in the MME.

The third solution, in which the UE capability is delivered to the network only if it has changed as compared to the previous RRC connection, could also be implemented in either a “push” variant (the UE includes its capability, unsolicited, if there was a change) or a “pull” variant (the UE indicates a change and the network is responsible for triggering a UE capability update).  The “pull” variant has lower specification impact, but the two solutions are functionally equivalent and we have no strong preference between them.

The attached text proposal shows how this “pull” variant could be implemented.  The UE adds a single bit to the RRCConnectionSetupComplete message to indicate a change; the network then triggers the capability update procedure.  (In principle, the same change-indicator bit could be added to the connection reestablishment message; however, we have not been able to identify a use case in which the serving MME after reestablishment would be unwittingly out of sync with the UE’s capabilities.)
3. Proposal
We propose that a “UE capability change indication” bit should be added to the RRCConnectionSetupComplete message, in accordance with the attached text proposal.
5.3.3.4
Reception of the RRCConnectionSetup by the UE

NOTE:
Prior to this, lower layers allocate a C-RNTI. For further details see TS 36.321 [6];

The UE shall:

1>
establish SRB1 in accordance with the received radioResourceConfiguration and as specified in 5.3.10;

NOTE 1:
The details of how the signalling radio bearer configuration is signalled are FFS, i.e. the use of a default RLC configuration has been agreed for SRB1. Use of default configurations for other parts of the Radio resource configuration is not precluded.

1>
If stored, discard the Inter-frequency priority information and the Inter-RAT priority information provided via dedicated signalling using the IE idleModeMobilityControlInfo;

1>
stop timer T300;

1>
stop timer T302, if running;
1>
stop timer T303, if running;

1>
stop timer T305, if running;

1>
stop timer T320, if running;

1>
enter RRC_CONNECTED state;

1>
stop the cell re-selection procedure;

1>
set the content of RRCConnectionSetupComplete message as follows:

2>
set the selectedPLMN-Identity to the PLMN selected by upper layers [TS 23.122, TS 24.008] from the PLMN(s) included in the plmn-IdentityList broadcast, within SystemInformationBlockType1, in the cell where the RRC connection was established;

2>

if upper layers provide the ‘Registered MME’, set the registeredMME as follows:

3>
if the PLMN identity of the ‘Registered MME’ is different from the PLMN selected by the upper layers, set the IE plmnIdentity to the value received from upper layers;

3> set the IEs mmegi and mmec to the value received from upper layers;

2>
set the nas-DedicatedInformation to include the information received from upper layers;

2>
if the stored UE capabilities have changed since the previous RRC connection establishment procedure:
3> set the IE ue-CapabilityChangeIndication to TRUE;

2>
otherwise:
3> set the IE ue-CapabilityChangeIndication to FALSE;

2> submit the RRCConnectionSetupComplete message to lower layers for transmission, upon which the procedure ends.
[...]

5.6.3.2
Initiation

E-UTRAN initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information. 
If the UE sets the IE ue-CapabilityChangeIndication to TRUE in the RRCConnectionSetupComplete message, the E-UTRAN should consider that it needs to update the UE capability.
[...]

–
RRCConnectionSetupComplete
The RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensions




SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



SelectedPLMN-Identity,


registeredMME





RegisteredMME





OPTIONAL,
-- Need OP


nas-DedicatedInformation


NAS-DedicatedInformation,

ue-CapabilityChangeIndication

BOOLEAN,

...

}

-- ASN1STOP

	RRCConnectionSetupComplete field descriptions

	selectedPLMN-Identity

Index of the PLMN selected by the UE from the plmn-IdentyList included in SIB1.

	registeredMME

The GUMMEI of the MME where the UE is registered.

	nas-DedicatedInformation

Field description is FFS.

	ue-CapabilityChangeIndication

Indicates if the stored UE capability has changed since the previous establishment of an RRC connection.


