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1 Introduction
In UMTS, the RRC specification apparently intended for UE capability to be changeable “on the fly”, but this functionality was not clarified in detail until late in the development of Rel-7 ([1]).  As a result, different network implementations developed that would respond incompatibly to a UE that attempted to exercise this feature, and clarifying the situation in the specification became a complicated process that took an inordinately long time to complete to the satisfaction of all companies involved.
For LTE, the green-field environment means that a similar function could be designed robustly from the beginning.  This document proposes an approach to such a procedure, in the hopes of avoiding the complexities of the analogous procedure in UMTS.
2 Discussion
2.1
Generalities

The simplest form of UE capability change is simply to perform the same procedure that is already used for UE capability transfer.  In UMTS, this procedure is the exchange of the two messages UE CAPABILITY INFORMATION/UE CAPABILITY INFORMATION CONFIRM.  The confirmation message indicates whether the network will “accept” the change in capability.
In the UMTS setting, changes of capability are divided into “reconfiguration-required” and “non-reconfiguration-required” changes (the names are self-explanatory).  A reconfiguration-required change does not take effect until both the UE CAPABILITY INFORMATION CONFIRM and a reconfiguration message have arrived at the UE; the non-reconfiguration-required change takes effect as soon as the UE CAPABILITY INFORMATION CONFIRM message arrives.  It is not clear if this distinction will continue to exist in LTE, but it seems fairly likely that it will.

The message flow for both cases in LTE should be similar to UMTS; the UE indicates its request for a new capability, the network says “yes” or “no”, and a reconfiguration message, if needed, concludes the transaction.  If this entire process is considered to be a single procedure, then there is no need to worry very much about order of messages—the procedure is complete when both response messages have been received, whatever their order.  (This is the same as in UMTS.)
On the other hand, if the capability exchange and reconfiguration are considered to be separate procedures, then race conditions can arise that require further complexities similar to those that emerged in UMTS: Transaction IDs in both response messages, explicit indication of whether a reconfiguration is associated with a request for a change of capability, &c.

2.2 Use Cases and Implementation Concerns
In the UMTS context, the strongest use case for dynamic changes of UE capability is simultaneous reception of MBMS with a dedicated service.  However, the procedure is also potentially useful for any set of simultaneous services that compete for UE resources; e.g., a UE might support a particular maximum downlink data rate and a particular maximum uplink data rate, but not have enough internal buffer memory to support both simultaneously.  Thus, there is a family of use cases for changes of capability in the management of simultaneous services, and the argument for this case will only become stronger in future releases as additional features are introduced that may interact in the implementation with other preexisting features.

In addition, and particularly considering the rich “ecosystem” of devices that might act as LTE terminals, there is a possibility of “hot-swapping” external devices.  For instance, a phone could be plugged into an external GPS module and effectively change its positioning capabilities.

Finally and more broadly, the LTE philosophy has always called for making it relatively easy for UEs to remain in RRC_CONNECTED for longer periods than would be usual in UMTS.  In this light, it seems pointless to force UEs to go through idle mode only to indicate a change of capabilities, and therefore the mechanism for changing these capabilities should be available to connected UEs as well as idle ones.
It should be noted that the implementation burden for implementing the minimal functionality for changes of UE capability is negligible for both network and UE.  A network can always “refuse” changes of capability, meaning that it would support the signalling formats for dynamic change but would never actually allow a UE to change capability without going through idle mode.  While this approach sounds pointless, it would enable networks to support the basic design of the capability-update feature in a uniform way and so avoid the problem that arose in UMTS, where network implementations had already diverged from one another in deployment before the feature was introduced.
Of course, a UE that is not “interested” in implementing the feature will simply never request a change of capability, and there is no burden on the implementation of such a UE except to compile in the ASN.1 support for the affected messages.
2.3 Proposal

We propose to consider the exchange of UE capabilities and a subsequent reconfiguration, if needed, as a single procedure.  This means that:

· Once an “unsolicited” UE capability indication is received, the network will not commence a reconfiguration procedure for other reasons until the capability update has completed; and consequently
· Once the UE has received a (positive) confirmation to such an update, it can safely assume that the next reconfiguration message will refer to that change of capability.
The simplest approach may be to combine the reconfiguration with the confirmation in a single message, i.e., to enable the RRC CONNECTION RECONFIGURATION message to indicate acceptance or rejection of a UE capability change.  This is the approach taken in the attached text proposal.
3 Conclusion

A text proposal is attached.
4 References
[1]
R2-074734: “Update and draft CR on change of UE capability during an RRC connection” (Qualcomm Europe/Nokia Corporation, RAN2#60)
5.1.x
UE capability update

While in RRC_CONNECTED state, the UE may send a UE CAPABILITY INFORMATION message to request the E-UTRAN to update the UE’s dynamic capabilities.  The E-UTRAN responds with either a UE CAPABILITY INFORMATION CONFIRM message or an RRC CONNECTION RECONFIGURATION message, in either case indicating whether the new capabilities are accepted or not.

 [...]

5.2.y
UE capability update
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Figure 5.2.y-1: UE capability update
5.2.y.1
General

The UE applies the UE capability update procedure to request the E-UTRAN to update the UE’s dynamic capabilities.  The procedure applies to UEs in RRC_CONNECTED.

5.2.y.2
Initiation

The UE may apply the UE capability update procedure at any time while in RRC_CONNECTED.

Upon initiation of the procedure, the UE shall:

1> transmit a UE CAPABILITY INFORMATION message.

5.2.y.3
Actions related to transmission of UE CAPABILITY INFORMATION message

The UE shall set the contents of the UE CAPABILITY INFORMATION message as follows:

1>
(FFS).

The UE shall submit the UE CAPABILITY INFORMATION message to lower layers for transmission on the uplink CCCH.

5.2.y.4
Reception of UE CAPABILITY INFORMATION CONFIRM message by the UE

The UE shall:

1>
If the IE "Response to request for change of capability" is included and set to TRUE:
2> update the stored capability.

1>
otherwise (the request was denied):
2> continue operating in accordance with the previously stored capability.

5.2.y.5
Reception of RRC CONNECTION RECONFIGURATION message by the UE
If the UE receives an RRC CONNECTION RECONFIGURATION message during a UE capability update procedure, it shall handle the message as specified in section 5.2.5.3.
 [...]
6.2.z
UE CAPABILITY INFORMATION
Indication of UE capability (FFS if this is needed separately from connection establishment), or request for a change of dynamic configuration parameters. 


Signalling radio bearer: SRB 1


RLC-SAP: AM


Logical channel: DCCH


Direction: UE -> E-UTRAN

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	


(Other contents FFS)

6.2.zz
UE CAPABILITY INFORMATION CONFIRM

Response to the UE CAPABILITY INFORMATION message.


Signalling radio bearer: SRB 1


RLC-SAP: AM


Logical channel: DCCH


Direction: E-UTRAN -> UE

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	Message Type
	MP
	
	<ref>
	
	

	Response to requested change of capability
	OP
	
	Boolean
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