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1
Introduction
During RAN2#81bis meeting in Chicago, we discussed a contribution [1] about UE capabilities transfer when UE is peroforming Inter RAT HO, especially from LTE to UTRAN. The conclusion was this can be discussed further.
In this contribution, we present some possible solutions for the problem.
2
Problem
2.1
Partial Information

We remind here the problem formulated in [1].

When RNC receives the UE capabilities duting a IRAT HO procedure, RNC receives the UE capabilities in INTER RAT HANDOVER message. However, this message contains only a part of UE capabilities. 

The IE “UE radio access capability” is copied at the end of this document.

For example, LTE support is not included in UE capabilities when received by UTRAN. In this case, when UE comes from E-UTRAN to UTRAN, then UTRAN may want to redirect UE back to LTE after CS call is over. At this point  UTRAN needs to enquire UE capabilities first to know if UE supports handover from UTRAN to E-UTRAN or not. 

Inter RAT handover already causes lots of signaling in UTRAN, after completion of the inter RAT handover procedure like starting of integrity protection, reconfiguring UE to HSPA + configuration,  starting the intra frequency measurements on the UE, completing LU/RAU, CS call setup signalling, perform soft handovers. If UTRAN also has UE Capability enquiry to be performed in between these, it leads to additional signalling. 

If UTRAN does not enquire the UE capabilities, then the UE may remain hanging in the UTRAN until it enters idle mode and makes new RRC Connection where it may then send full capabilities to UTRAN.

Listed below are some of the multimode RAT capabilities which are not transferred to UTRAN during inter RAT handover procedure.

10.3.3.41
UE multi-mode/multi-RAT capability
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description
	Version

	Multi-RAT capability 
	
	
	
	
	

	Support of GSM
	MP
	
	Boolean
	
	

	Support of multi-carrier
	MP
	
	Boolean
	
	

	Multi-mode capability 
	MP
	
	Enumerated (TDD, FDD, FDD/TDD)
	
	

	Support of UTRAN to GERAN NACC
	CV-not_iRAT_HoInfo
	
	Boolean
	
	REL-5

	Support of Handover to GAN
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportHandoverToGAN)
	Absence of this IE means that the UE does not support Handover to GAN.
	REL-6

	Support of Inter-RAT PS handover
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportInter-RAT-PS-Handover)
	Absence of this IE means that the UE does not support Inter-RAT PS Handover to GERAN
	REL-6

	Support of PS Handover to GAN
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportPSHandoverToGAN)
	Absence of this IE means that the UE does not support PS Handover to GAN.
	REL-7

	Support of E-UTRA FDD
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportEUTRAFDD)
	Absence of this IE means that the UE does not support E-UTRA FDD
	REL-8

	Support of Inter-RAT PS Handover to E-UTRA FDD
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportInter-RATHOToEUTRAFDD)
	Absence of this IE means that the UE does not support Inter-RAT PS Handover to E-UTRA FDD
	REL-8

	Support of E-UTRA TDD
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportEUTRATDD)
	Absence of this IE means that the UE does not support E-UTRA TDD
	REL-8

	Support of Inter-RAT PS Handover to E-UTRA TDD
	CV-not_iRAT_HoInfo2
	
	Enumerated (DoesSupportInter-RATHOToEUTRATDD)
	Absence of this IE means that the UE does not support Inter-RAT PS Handover to E-UTRA TDD
	REL-8


Also some of the UE Radio Access Capabilities specified in Sec 8.3.3.42  are not transferred to UTRAN during the inter RAT handover procedure but those may not be required always though it would be nicer if those are included also right away during the inter RAT handover procedure. Example of “Support of Common E-DCH”, “Support of MAC-i/is” are excluded from inter RAT handover capabilities while HS-PDSCH in Cell_FACH is included. UTRAN may need to know also these capabilities in case UE drops to Cell_FACH during the inter RAT handover procedure.

3
Proposed solutions 
The proposal below aims to provide approaches how UTRAN could receive the full Radio Access Capabilities of the UE after an inter RAT handover, without need to ask UE Capabilities always after each inter RAT handover. This would optimise the signalling after an inter RAT handover and the saved time and signalling could be used to perform other procedures like switching UE to higher configuration for better throughput and end user experience.

3.1
Solution 1

One solution to avoid UTRAN to trigger UE Capability Enquiry unnecessarily after every inter RAT handover is that UE Radio Access Capabilities are made available in the HANDOVER TO UTRAN COMPLETE message. This way, UTRAN would have the full capabilities of the UE same time when inter RAT handover is completed. 

To make it UTRAN controllable, it can be also done so that there is “Capability Update Requirement” IE added in the HANDOVER TO UTRAN COMMAND message. When UE receives the message and sees that UTRAN has also asked to provide the UE capabilities in the HANDOVER TO UTRAN COMMAND message,  the UE appends its capabilities in the HANDOVER TO UTRAN COMPLETE message.

This solution needs changes in the ASN.1
Proposal 1: Full UE capability is included in HANDOVER TO UTRAN COMPLETE message
3.2
Solution 2:

Another approach to is to allow UE to send UE CAPABILITY INFORMATION message by itself always after an inter RAT handover. UE may do it immediately after the handover procedure since UE is well aware of the inter RAT handover ongoing. UTRAN should be always prepared to receive the UE Radio Access Capabilities after the inter RAT handover. This solution will not require changes in the ASN.1 but only procedural change in the UE.

However, this solution could have limitation in some network vendor implementation. NW based on release 11 and earlier may not be prepared to receive UE CAPABILITY INFORMATION during the inter RAT handover procedure.

To overcome this limitation, UTRAN explicitly indicates with an IE in the HANDOVER TO UTRAN COMMAND message that UE may send its capabilities after the inter RAT handover is completed. This shall trigger UE to send its capabilities as soon as it receives RLC acknowledgment for HANDOVER TO UTRAN COMPLETE message or it could send it same time after submitting HANDOVER TO UTRAN COMPLETE. This way UTRAN knows and is prepared to receive the UE Radio Access Capabilities in the UE CAPABILITY INFORMATION message immediately after the inter RAT handover. 

To allow UTRAN to continue with further signalling, UE does not need to start timer T304 in this case, though this proposal can be made optional. The benefit of not starting the timer T304 in this case is that the UE has transferred its capability first time to the UTRAN, so it does not need to treat it as changed capability and thus no need to wait for UE CAPABILITY INFORMATION CONFIRM from the NW. Also UTRAN can then continue with the remaining procedures which have to completed as soon as the inter RAT handover has been completed. 

Proposal 2: UTRAN explicitly indicates with an IE in the HANDOVER TO UTRAN COMMAND message that UE may send its capabilities after the inter RAT handover is completed

3.3
Solution 3:

Besides these UE based solutions, it is also possible to have  NW based solution, which would not require  any changes in the UEs specification or implementation. The approach would be that a new IE is added in the Inter RAT Handover Info IE in the RELOCATION REQUEST to indicate to RNC that full capabilities of the UE have not been transferred. Then UTRAN would know that it needs to ask the UE Radio Access Capabilities after the inter RAT handover procedure is completed. If this new IE is absent in the Inter RAT Handover Info, then NW considers that UE has sent information about all its capabilities, and there is no need to ask about the UE Radio Access capabilities through UE CAPABILITY ENQUIRY, and save the time and signalling. 

It is also possible to combine these solutions so that they co-exist and it is then upto UE and UTRAN implementation which one they want to use. Another possibility would be that when UTRAN knows through solution 3 that UE Capabilities have to be enquired, it indicates UE using solution 1 or solution 2 to sends its capabilities with the HANDOVE TO UTRAN COMPLETE or after the HANDOVER TO UTRAN COMPLETE messages.

Proposal 3: A new IE is added in the Inter RAT Handover Info IE in the RELOCATION REQUEST to indicate to RNC that full capabilities of the UE have not been transferred.

4
Conclusion
We kindly ask RAN2 to consider and agree on one of the following solution:
Proposal 1: Full UE capability is included in HANDOVER TO UTRAN COMPLETE message.

Proposal 2: UTRAN explicitly indicates with an IE in the HANDOVER TO UTRAN COMMAND message that UE may send its capabilities after the inter RAT handover is completed.

Proposal 3: A new IE is added in the Inter RAT Handover Info IE in the RELOCATION REQUEST to indicate to RNC that full capabilities of the UE have not been transferred.
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