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1. Introduction
SA2 has discussed an issue where the MME is not aware that the UE is CE-capable after 2G/3G to 4G idle mode reselection – since the UE Radio Capability for Paging is not provided to the MME until after a context is setup in the E-UTRAN. So, the UE may remain unreachable until, for example, it initiates a service request for MO data.

SA2 has sent an LS to RAN2 and RAN3 [1], and the question to RAN3 is specifically:


SA2 kindly request RAN3 to provide their inputs on the appropriate S1-AP procedure MME to use to request E-UTRAN to provide the relevant information for successful paging of UEs capable of CE mode (e.g. UE Radio Capability Match Request/Response) and in which release such a procedure can be supported, if modifications are required. 
This document considers the issue raised and possible ways to resolve it.
2. Proposed solutions
The problem is briefly stated above and in detail in the document attached to the LS [2]. SA2 has already discussed solutions which are described in [2], and requests feedback on these. In short, the problem is to trigger the eNB to provide the Radio Paging Capability to the MME in these specific cases (following an inter-RAT reselection to 4G).
In the below, we list these solutions and comment on these:

Solution 1: Add flag (request) to the UE CONTEXT RELEASE COMMAND message to the eNB; triggers eNB to collect capabilities and eventually send a UE CAPABILITY INFO INDICATION message to the MME prior to the UE CONTEXT RELEASE COMPLETE message.
Although this is feasible, the main problem of this approach is to nest eNB activity (and a separate procedure) within the UE Context Release procedure. We note that section 8.1 of TS 36.413 states that “The UE Context Release procedure takes precedence over all other EPs that are using the UE-associated signalling”. This seems to imply that not only other ongoing procedures have lower precedence (i.e. in the eNB); but also, that new procedures should probably not be initiated by a node that is aware of an ongoing release for the same UE. So, overall it seems safer not to take this approach. 

Solution 2: Similar to solution 2 except that the required data is provided to the MME in the UE CONTEXT RELEASE COMPLETE message.

This avoids the S1 procedure interaction issue discussed above. The eNB fetches the UE capabilities over Uu during the release process, and forwards these in the response message. This implicit nesting of S1 with multiple RRC procedures is likely to extend the time taken for the overall procedure, and certainly affects the eNB actions as part of the procedure.
Solution 3: MME sends a UE RADIO CAPABILITY MATCH REQUEST with a new query (is UE Cat M ?). This triggers eNB to fetch capabilities, respond to the request, and then initiate a UE CAPABILITY INFO INDICATION (which could be conditional to Cat M).

This creates a new procedural flow, and modifies the use of some of the procedures. It has the advantage of not impacting the release procedure in any way. The MME triggers this new flow, and can therefore wait until its completion (i.e. receiving the capabilities) before initiating release.
In addition, while not considered by SA2, there is an obvious alternative that could be considered:

Solution 4: MME sends a new “missing capability indicator” in the DOWNLINK NAS TRANSPORT message. This triggers eNB to fetch the capabilities, and initiate a UE CAPABILITY INFO INDICATION.

Recently, the DOWNLINK NAS TRANSPORT message was already modified to include (optionally) the UE Radio Capability IE as this was needed in some scenarios. Unlike the INITIAL CONTEXT SETUP REQUEST message, its absence cannot be the trigger for the eNB to fetch capabilities (since anyway the IE is not available in earlier releases). So, one way to mimic the functionality of this message is to have an explicit request indicator. Obviously with this new flow, the MME would wait for the capability information before releasing the S1. 
The table below summarizes the comparison between the different solutions:
	
	Soln 1(flag in UE CONTEXT RELEASE COMMAND + nested procedure)
	Soln 2 (flag in UE CONTEXT RELEASE COMMAND + capability in response)
	Soln 3 (extend UE Radio Capability Match procedure)
	Soln 4 (extend DL NAS Transport procedure)

	S1AP signalling load impact
	Low (only requires UE Capability Info Indication); triggering not restricted to Cat M
	Very low (same procedures, new IEs); triggering not restricted to Cat M
	Medium (3 extra messages including UE Capability Info Indication); could be reduced to two messages if restricted to Cat M, though RRC procedure would be wasteful in this case
	Low (only requires UE Capability Info Indication); triggering not restricted to Cat M

	Impact on existing procedures
	High (modification of release including timing at MME, and MME must be ready for new procedures after initiating release)
	Medium (modification of release including timing at MME, and need for eNB to act during release)
	Low (modification of UE Capability Match procedure)
	Low (modification of DL NAS Transport procedure)

	Backward compatibility behaviour issues
	None – provided MME waits for eNB response. Old eNB simply ignores and acks release. 
	None – provided MME waits for eNB response. Old eNB simply ignores and information is not provided.
	None – MME can deduce from the response message (in UE Capability Match) whether the eNB will follow up (i.e. wait before sending release)
	Low – MME must wait before triggering release without knowing if eNB will trigger UE Capability Info Indication; can be fixed by criticality or OAM.

	ASN.1 impact
	New IE in UE Context Release Command
	New IEs in UE Context Release Command (request and response messages)
	New IEs in the UE Capability Match procedure messages
	New IE in DL NAS Transport message


3. Discussion
From the above table, we should rule out solution 1 due to the high procedural impact. The other solutions all have different strengths and weaknesses. 

Solution 2 is the most efficient in terms of signalling, but impacts processing (including timers) during release which may not be desirable.

Solution 3 is a straightforward extension of the existing UE Capability Match procedure, but it introduces three new S1AP messages and creates procedure interactions.

Solution 4 is also a straightforward extension of the DL NAS Transport procedure, but it also introduces procedure interactions (also the MME should preferably be aware of eNB support to avoid waiting before initiating release). 
It may be assumed that the MME will not trigger this very often – i.e. only after an idle transition from 2G/3G, or more generally when the capability IEs are not present in the UE context at the MME, and the MME does not expect a RAN context to be setup in the current flow. With this assumption, the extra signalling load in solution 3 could be discounted – in which case this is perhaps the simplest solution.
3.1 Future proofing

All the above assumes a network based solution with MME trigger. However, there is a very simple alternative that could be more effective in the long run, but is mainly in RAN2’s domain.

Today the UE provides an indication of CE Mode B support in the RRC Connection Setup Complete message. If RAN2 were to add an indication of CE Mode A support (or more generally CE support), this could also be passed to the MME, and kept in the MME context. It would then be possible for the MME to send such indicators in future paging messages (as explicit S1AP IEs), even when the UE Radio Capability for Paging IE is not stored at the MME.
Such a solution would minimize the occasions when the MME needs to trigger fetching the UE capabilities, and therefore reduce both S1 and RRC signalling during the TAU after inter-RAT reselection; but it should be considered first in RAN2.
4. Conclusion
This document has reviewed the issue described by SA2 in [1], and the solutions proposed in [2] plus a new option.

Provided the conditions for MME triggering are clear, and not expected to occur often, solution 3 seems to provide a good overall compromise with reduced impact to existing procedures, and no behaviour ambiguity from the MME’s perspective.

It is also noted that there could be an alternative RRC solution which would avoid the need for MME action, but this could not resolve the issue with existing UEs. Depending on RAN2’s discussion, the overall solution may therefore be a combination of a network-based solution (as discussed here) for legacy UEs, and a more streamlined UE-enabled solution for future releases.
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