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1. Introduction

Under the current RRC specification, the UE is allowed to send a UE CAPABILITY INFORMATION message at any time, including during a service that could be affected by the new capabilities.  It is not clear how the network is expected to manage the situations that could arise from this signalling, however, and as a result the facility is not generally implemented.  Following up on discussions from several recent RAN2 meetings, this document indicates how the network and UE behaviour can be clarified to make this feature useful in practice.
A draft CR implementing the proposed changes is attached.

2. Discussion

2.1. Original proposal

The basic mechanism for handling an update of UE capability during a service is fairly clear and was described in earlier versions of this document.  A UE with an ongoing service may send a UE CAPABILITY INFORMATION message indicating a set of capabilities that would require a change to that ongoing service; in this case the network can reconfigure the service to match the new capabilities—e.g., reducing the data rate on a dedicated channel.

Of course, the network may elect not to send such a reconfiguration message, and in this case the UE has no option but to revert to its original capabilities.  It is, however, helpful if the network has a field in which it can indicate such a refusal explicitly (the IE “Response to requested change of capability” in the attached draft CR), so that the UE can distinguish between a late reconfiguration and a refusal.  In previous versions of the CR this field was described as an “optional-TRUE” flag, with the presence of the field meaning “request refused”, but as we shall see below, this approach is not entirely satisfactory when legacy networks are considered.
2.2. Reconfiguration vs. non-reconfiguration cases
Not every possible change of capability requires a reconfiguration; for instance, a reduction in HSDPA category could be useful for a UE that wanted to “re-balance” internal resources between HSDPA and another service, but such a reduction does not require a reconfiguration.  In such situations there is no way for the UE to detect when the network has begun operating with the new capabilities.

Accordingly, we suggest that in these “non-reconfiguration” cases it is important that the network should be able to indicate explicit acceptance as well as refusal of a requested change of capability; after receiving a UE CAPABILITY INFORMATION CONFIRM message with the “accept” flag set to TRUE, the UE can know that it will be scheduled according to its new category (Figure 1).
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Figure 1: Change of HSDPA category

Obviously, this sequence of events assumes that the network can adjust its handling of the UE to match the new capabilities in the time between the request and response messages.  This interval is limited by the time T304, with a maximum value of 2 seconds.

Of the capabilities listed in the draft CR, the only one not requiring a reconfiguration is the HSDPA category.  However, capabilities not in use by the current service (as discussed in Section 2.5 below) could also be seen as non-reconfiguration cases.
The attached draft CR does not make any explicit provision for a distinction between reconfiguration and non-reconfiguration cases; it is assumed that the UE implementation needs to be aware of when a reconfiguration would be required before operation with the new capabilities can begin.

2.3. Nested vs. asynchronous processing of reconfigurations
Even in the case where a reconfiguration is required, the possibility exists that the UE CAPABILITY INFORMATION CONFIRM message could precede the reconfiguration.  In this situation the network and UE would in a certain sense be out of sync; the UE would be aware that its request for a change of capabilities had been granted, but would not actually be able to act on the new capabilities until the arrival of a reconfiguration.  This out-of-sync condition does not necessarily have any actual impact on the system, but it does mean that the UE implementation has to be aware of the situation, and be prepared to revert the variable UE_CAPABILITY_TRANSFERRED if the reconfiguration does not occur as expect.  In effect, this means that the UE cannot really trust the accept flag in cases where a reconfiguration is required.

It is not clear if this situation really represents a problem; if the UE updates UE_CAPABILITY_TRANSFERRED in expectation of a reconfiguration that never comes, there does not appear to be any actual procedure that would encounter problems due to the out-of-sync condition.  However, to avoid any potential confusion and make the world safer for implementation teams, it would be possible to specify that reconfigurations always take place in a “nested” fashion, as shown in Figure 2.
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Figure 2: Nesting of reconfiguration and capability update

The only real concern here is the question of whether the reconfiguration can be assumed always to take place within the limit imposed by T304; the maximum value of 2 seconds is not quite long enough for comfort in this respect.  Extending the value of T304 could resolve this issue but could also create problems for legacy UEs.
2.4. Legacy network concerns

For cases where a reconfiguration is not required, the UE needs the ability to distinguish between a legacy network (which will not know about the accept flag and so will never be able to “grant” a change of capability) and a network that refuses a requested change.  This is the reason, alluded to above, for making the accept flag an explicit boolean rather than an “optional-TRUE” field; a legacy network will not include the flag at all, which makes this distinction unambiguous for the UE.

2.5. Capabilities not in use

In some cases, a UE in ongoing service may want to change capabilities that are not actually used by the service; an example would be a UE that can be connected to an external GPS module, causing a change in its positioning capabilities.  Allowing the UE to change these capabilities poses no particular problem, and the UE should probably be permitted to change them freely.  However, it is not completely clear how the spec can capture the concept of “capabilities not used by the current service”.

3. Conclusion

The attached draft CR captures the basic proposal as discussed above.  In this draft CR, the “nested reconfiguration” behaviour is not specified; thus, the UE cannot blindly trust the accept flag in reconfiguration cases, and T304 does not need to be extended.  There is also no treatment of the concept of “capabilities not in use”.

While these matters merit further discussion, we suggest that they are relatively fine points that should not block adoption of the CR.  The status quo contains no restrictions; UEs can request changes to any capability at any time, and this anarchic environment makes it impractical to handle “in-flight” changes of capability at all.  The attached CR provides a manageable set of restrictions.
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8.1.6.2
Initiation

The UE shall initiate the UE capability update procedure in the following situations:

1>
the UE receives a UE CAPABILITY ENQUIRY message from the UTRAN;

1>
while in connected mode the UE capabilities change compared to those stored in the variable UE_CAPABILITY_TRANSFERRED.

If the UE CAPABILITY INFORMATION message is sent in response to a UE CAPABILITY ENQUIRY message, the UE shall:

1>
include the IE "RRC transaction identifier"; and

1>
set it to the value of "RRC transaction identifier" in the entry for the UE CAPABILITY ENQUIRY message in the table "Accepted transactions" in the variable TRANSACTIONS; 

1>
for the UE capabilities defined prior to REL-6:
2>
retrieve its UTRA UE radio access capability information elements from variable UE_CAPABILITY_REQUESTED; and

2>
include this in IE "UE radio access capability" and in IE "UE radio access capability extension", provided this IE is included in variable UE_CAPABILITY_REQUESTED;

2>
retrieve its inter-RAT-specific UE radio access capability information elements from variable UE_CAPABILITY_REQUESTED; and

2>
include this in IE "UE system specific capability".

1>
for the UE capabilities defined in REL-6 or later:

2>
include the information elements associated with the capabilities included in the variable UE_CAPABILITY_REQUESTED and the variable UE_CAPABILITY_TRANSFERRED.
If the UE CAPABILITY INFORMATION message is sent because one or more of the UE capabilities change compared to those stored in the variable UE_CAPABILITY_TRANSFERRED while in connected state, the UE shall:

1>
for the UE capabilities defined prior to REL-6, include the information elements associated with the capabilities that have changed in the UE CAPABILITY INFORMATION message; and

1>
for the UE capabilities defined in REL-6 or later, include the information elements associated with the capabilities included in the variable UE_CAPABILITY_TRANSFERRED.

If the UE is in connected mode, and a reconfiguration would be required to bring ongoing services into compliance with the newly signalled capabilities, the UE may wait for a time determined by the implementation before considering the change of capabilities to be refused by the UTRAN.  In this case the UE shall wait at until at least 300 seconds have elapsed, or until the network sends a UE CAPABILITY ENQUIRY message, before sending another UE CAPABILITY INFORMATION message.
If the UE is in CELL_PCH or URA_PCH state, it shall first perform a cell update procedure using the cause "uplink data transmission", see subclause 8.3.1.

The UE RRC shall submit the UE CAPABILITY INFORMATION message to the lower layers for transmission on the uplink DCCH using AM RLC. When the message has been delivered to lower layers for transmission the UE RRC shall start timer T304 and set counter V304 to 1.
A UE in connected mode should only indicate changes of capability in the IEs “DL capability with simultaneous HS-DSCH configuration”, “Transport channel capability”, “Physical channel capability”, “Device type”, and the IE “UE power class extension” within “RF capability extension”.
NOTE 1: The UE should not request a changed capability that would render an existing CS configuration invalid.

NOTE 2: A UE with an active HSDPA or HSUPA service should not request a changed capability that removes support for HSDPA or HSUPA entirely; it may request reduction of its capabilities to the lowest category but not to “DCH only”.
8.1.6.3
Reception of a UE CAPABILITY INFORMATION message by the UTRAN

Upon reception of a UE CAPABILITY INFORMATION message, the UTRAN should transmit a UE CAPABILITY INFORMATION CONFIRM message on the downlink DCCH using UM or AM RLC. After the UE CAPABILITY INFORMATION CONFIRM message has been submitted to the lower layers for transmission, the procedure is complete.

NOTE: If the received UE CAPABILITY INFORMATION message indicates capabilities that would be insufficient for the UE to continue in an ongoing service, the UTRAN may choose to reconfigure the bearers for the ongoing service.  If the UTRAN decides not to perform such a reconfiguration, it should set the IE “Denial of requested change of capability” in the UE CAPABILITY INFORMATION CONFIRM message.

8.1.6.4
Reception of the UE CAPABILITY INFORMATION CONFIRM message by the UE

Upon reception of a UE CAPABILITY INFORMATION CONFIRM message, the UE shall:

1>
stop timer T304;

1>
if there is an entry for the UE CAPABILITY ENQUIRY message is present in the table "Accepted transactions" in the variable TRANSACTIONS:

2>
clear that entry.

1>
if the IE “Response to requested change of capability” is set to TRUE:
2>
update its variable UE_CAPABILITY_TRANSFERRED with the UE capabilities it has last transmitted to the UTRAN during the current RRC connection.
1>
otherwise:
2>
consider the request for change of capability to be refused;
2>
wait until at least 300 seconds before transmitting another such request.
1>
clear the variable UE_CAPABILITY_REQUESTED;

1>
and the procedure ends.

[...]
10.2.57
UE CAPABILITY INFORMATION CONFIRM

This message is sent by UTRAN to confirm that UE capability information has been received.


RLC-SAP: AM or UM


Logical channel: DCCH


Direction: UTRAN ( UE
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message Type
	MP
	
	Message Type
	
	

	UE information elements
	
	
	
	
	

	RRC transaction identifier
	MP
	
	RRC transaction identifier 10.3.3.36
	
	

	Integrity check info
	CH
	
	Integrity check info 10.3.3.16
	Integrity check info is included if integrity protection is applied
	

	Response to requested change of capability
	MP
	
	Boolean
	TRUE means the network accepts the UE’s requested change.
	REL-7


[...]
11.2
PDU definitions

[...]
-- ***************************************************

--

-- UE CAPABILITY INFORMATION CONFIRM

--

-- ***************************************************

UECapabilityInformationConfirm ::= CHOICE {


r3







SEQUENCE {



ueCapabilityInformationConfirm-r3











UECapabilityInformationConfirm-r3-IEs,



laterNonCriticalExtensions


SEQUENCE {




-- Container for additional R99 extensions




ueCapabilityInformationConfirm-r3-add-ext

BIT STRING

OPTIONAL,




nonCriticalExtensions


SEQUENCE {}

OPTIONAL



}
OPTIONAL


},


later-than-r3




SEQUENCE {



rrc-TransactionIdentifier

RRC-TransactionIdentifier,



criticalExtensions



CHOICE {




r7







SEQUENCE {




ueCapabilityInformationConfirm-r7
UECapabilityInformationConfirm-r7-IEs,





nonCriticalExtensions

SEQUENCE {}

OPTIONAL



},




criticalExtensions



SEQUENCE {}


}

}

UECapabilityInformationConfirm-r3-IEs ::= SEQUENCE {


-- User equipment IEs



rrc-TransactionIdentifier

RRC-TransactionIdentifier

}

UECapabilityInformationConfirm-r7-IEs ::= SEQUENCE {



responseToRequestedChangeOfCapability
BOOLEAN
}
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