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1 Introduction
UE capabilities have increased considerably in size with the introduction of Carrier Aggregation, new frequency bands and new band combinations, and the size is expected to continue to grow. Hence, there is a need to revisit and verify if the principles for UE capability transfer at inter-RAT handover are still valid.  

At inter-RAT handover, the source RAT is currently mandated to acquire the UE radio capability for the target RAT from UE and forward the capability in the source to target transparent container to the target RAT in preparation for the handover. 
In this document, we 
· analyze limitations in existing signaling protocols, and

· propose introduction of a new mechanism to be used at handover from GERAN to EUTRAN, where target eNB fetches the capabilities from UE after completed handover.
This document is limited to an analysis with respect to UE EUTRA capabilities and handover to EUTRA. Similar analysis should preferably be made also for UE UTRA capabilities, but our preliminary assessment is that this is less critical.

2 Discussion
2.1 Existing limitations
2.1.1 Upload of UE capabilities in preparation for Handover GERAN to EUTRAN

In GERAN radio access, UE EUTRA capabilities are transferred via NAS signaling. The TLV encoding defined in TS24.007 limits UE EUTRA capabilities to 255 octets. This limitation is valid for both GERAN PS and CS.
For GERAN CS, a further limitation is imposed by the LAPD protocol between GERAN BSC and BTS. LAPD can support messages sizes up to 251 octets.
2.1.2 Upload of UE capabilities in preparation for Handover UTRAN to EUTRAN

In UTRAN radio access, UE EUTRA capabilities are transferred via UTRA RRC signaling. No size-related limitations in protocols have been identified.

2.1.3 Upload of UE capabilities in EUTRAN

In EUTRAN radio access, UE EUTRA capabilities are transferred via EUTRA RRC signaling. No size-related limitations in protocols have been identified.

2.1.4 RAN and CN network internal transfer of capabilities

No size-related limitations have been identified for S1 and Iu protocols.
The Gb and Sv protocols, as well as GTPv1 and GTPv2 allow a maximum 65535 octets for transfer of the transparent containers.

The A interface (GERAN CS, MSC-BSS) information element encoding limits e.g. the size of “Source RNC to target RNC transparent information value” to 255 octets.
2.1.5 MME storage limitation
In addition, as informed by SA2 in [6], the MME has a storage limitation of UE capabilities of 510 bytes (per UE), which can soon be exceeded.
2.2 Analysis and solution proposal
In [1], we identified that there is a risk that GERAN signaling limitations will soon be reached. A solution is needed, both for GERAN PS and GERAN CS (rSRVCC) to EUTRAN handover. No action seems to be needed with respect to other handover scenarios. It seems wise if RAN2 continues to monitor the growing UE EUTRA capability size, such that other limits are not exceeded, or other performance issues appear.

The MME storage limitation seems difficult to target with simple solutions. For example, this could be solved by having the UE indicate different UE EUTRA capabilities depending on region and/or PLMN, or by introducing more sophisticated splits of UE EUTRA capabilities and related signaling. However, since the MME storage limit is derived from GERAN signaling limits, we see no reason why storage limit could not be extended to meet the need of future UEs.
In [5], GERAN2 indicated that “GERAN is unable to fulfill the RAN2 requirement of providing the UE E-UTRAN Capability IE …during the preparation phase”. No straightforward solution can be found within GERAN.

From RAN2 point of view, it would be possible to specify a solution where a limited set of UE EUTRA capabilities are sent by UE via GERAN radio access, and that the target eNB, after handover completion, fetches the (remaining) UE EUTRA capabilities from UE using EUTRA RRC signaling. At RAN2#79bis, RAN2 however concluded that “introduction of short capability should preferably be avoided” [4]. 

We propose RAN2 to consider the following solution as the new mechanism to get UE EUTRA capabilities to eNB at handover from GERAN:

A. No UE EUTRA capabilities are signaled by UE in GERAN radio interface.

B. Source BSS does not indicate that any UE EUTRA capabilities to Target eNB in handover preparation signaling.

C. Upon not receiving any UE EUTRA capabilities at the incoming handover, eNB fetches the capabilities from UE using existing RRC procedure UE Capability Transfer.  
For this new mechanism, we note the following:
1) No UE impact
Introduction of the new mechanism has no impact on UE, i.e. already existing RRC procedure UE Capability Transfer is used.

2) Rel-8 PS Handover
Since PS handover from GERAN to UTRAN was specified in Rel-8, we need to consider both that “existing UEs” may use the “legacy” procedure, and that UEs of any release may have a UE EUTRA capability size exceeding 255 octets.
In practice, this means that to avoid problems, a CN node could be configured to generally disable upload of EUTRAN capabilities at NAS attach/registration, i.e. the Core network is configured to never ask for EUTRA capabilities in ATTACH/RAU ACCEPT. 
3) Rel-11 rSRVCC
For GERAN CS to EUTRAN handover (rSRVCC) we propose that the new mechanism is the only mechanism in standards to upload UE EUTRA capabilities to a target eNB. Since CS handover to EUTRA does not exist prior to Rel-11, there should be no similar problems as discussed above for PS handover. 
4) Default UE capability
The “new” solution requires that eNB assumes a “default UE capability” directly after completed handover, and that this “default UE capability” is sufficient until eNB has been able to fetch complete UE EUTRA capability from UE. 
a. PS handover from GERAN to EUTRAN was specified in Rel-8. We propose that “Rel-8 Cat 1 UE” can be assumed as “default UE EUTRA capability” by a Target eNB. 
b. CS handover from GERAN to EUTRAN (rSRVCC) is specified in Rel-11. It is obvious that a UE that supports rSRVCC supports Voice over IMS in EUTRA, and GERAN BSS receives a “SRVCC support indicator” in ASSIGNMENT REQUEST message.
5) Mobility after completed handover
After the handover to target eNB is completed, inter-band and inter-RAT mobility will not be supported until (target) eNB have fetched UE EUTRA capabilities from UE. We assume that this restriction needs no further consideration.
We ask RAN2 to consider the solution proposed above.
2.3 EUTRA Multi-frequency Band Indicator (MFBI) feature and Handover from GERAN

A problem we have identified with the proposed new mechanism for transfer of UE EUTRA capabilities relates to how the target eNB gets to know what EUTRA Bands UE supports. Target eNB should only include an EARFCN of an EUTRA band that the UE supports in the handover command (RRCConnectionReconfiguration) message.
In GERAN, UE is informed of the EUTRA frequencies (and cells) to monitor in System Information messages and/or in dedicated signaling. In GERAN measurement reports, an EUTRA cell is identified by EARFCN and EUTRA Physical cell identity. Today, source BSS translates this and indicates the Cell Global identity (CGI) of the target EUTRA cell in handover preparation signaling (TS36.413, SourceeNB-ToTargeteNB-TransparentContainer), such that MME can invoke correct target eNB. So far, each EUTRA cell supports one EUTRA band/frequency only, and the CGI implicitly indicates that UE supports at least the EUTRA Band of the EUTRA cell. 
If GERAN introduces support of the EUTRA MFBI feature, one could assume that GERAN signaling is extended to list all EARFCNs (or EUTRA Bands) of the EUTRA cell. Without knowing UE EUTRA capabilities, Target eNB is not able to include the EARFCN of a UE-supported band in the handover command (rrcConnectionReconfiguration) to be sent by source BSS to UE. As a solution to this problem, we propose that Source BSS indicates the EARFCN of the EUTRA cell, measured and reported by UE, to Target eNB in handoverPreparation signaling.
3 Conclusions

In this document, we have discussed the need for a new mechanism for uploading UE EUTRA capabilities to eNB at handover from GERAN.
We ask RAN2 to consider and agree on the following proposals:

Proposal 1 Introduce new mechanism for upload of UE EUTRA capabilities at PS handover from GERAN to EUTRAN.
Proposal 2 Introduce new mechanism for upload of UE EUTRA capabilities at CS handover from GERAN to EUTRAN (rSRVCC).
Proposal 3 Send LS to CT4 (CC: SA2) on possibility to allow MME storage of UE capabilities  to exceed 510 octets.
Proposal 4 Send response LS to GERAN2, SA2, RAN3, indicating that a new mechanism for upload of UE EUTRA capabilities can be used at PS and CS (rSRVCC) handover from GERAN to EUTRAN.
A draft CR to TS 36.331 is provided in [2],
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