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1   Introduction
In SA2 Aug meeting, one issue about Paging failures for CE Capable UEs was discussed in [1], and an LS was sent to RAN2 and RAN3 in [2].

	S2-176685 LS on Paging failures for CE Capable UEs [1]

SA2 has discussed the issue of paging failure for CE capable UEs after 2G/3G to LTE idle-mode mobility as described in the attached discussion paper. SA2 has agreed to the problem statement that can be broadly described that either because of idle mode mobility from 2/3G or from RAN areas where the RAN did not provide “UE Radio Capability for Paging Information” to MME, the MME does not have the “UE Radio Capability for Paging Information” in UE context. SA2 is awaiting feedback from RAN groups before proceeding to agreeing on a solution. 

For MME to request E-UTRAN to provide the relevant information for successful paging of UEs capable of CE mode, SA2 has preference for using a stand-alone procedure, as outlined in solution #3 in the attached discussion paper which is an existing procedure (UE Radio Capability Match Request/Response). If the MME had UE's Radio Capability Information (but not "UE Radio capability for Paging Information"), the MME may also include that in the request to E-UTRAN. 
To progress this issue, SA2 kindly requests feedback from RAN groups on possible solutions to this issue, eg. if a UE impacting solution can be developed then in which release such a solution can be made available. 

RAN2: 


Can there be a more efficient solution to obtain and provide paging information from CE capable UEs. If so in what release such a solution can be made available?

RAN3: 


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 (eg. UE Radio Capability Match Request/Response) and in which release such a procedure can be supported, if modifications are required.


In this contribution, we analyses the issue and provide the corresponding solution. 
2   Background

As shown in Table 1 [1], the “CE capable LTE UE in Enhanced coverage” and Cat M UE, will monitor Paging message in Paging Channel for CE mode. 
Table 1. UE behaviour in RA procedure and Paging message monitoring [1]
	UE category
	Support for CE mode
	The UE camps in:
	The UE performs RA procedure in:
	The UE monitors Paging message in:

	Cat.M
	Supported

(Mandatory)
	Enhanced coverage
	PRACH resource for CE mode
	Paging channel for CE mode

	
	
	Normal coverage
	
	

	Other than Cat.M
	Supported

(UE in CE)
	Enhanced coverage
	PRACH resource for CE mode
	Paging channel for CE mode

	
	
	Normal coverage
	PRACH resource for normal coverage mode 

(i.e., legacy PRACH resource)
	Paging channel for normal coverage mode (i.e., legacy Paging channel)

	
	Not supported
	Normal
	PRACH resource for normal coverage mode 

(i.e., legacy PRACH resource)
	Paging channel for normal coverage mode (i.e., legacy Paging channel)


Based on current mechanism, the eNB will be able to know that it is needed to page the UE in Paging Channel for CE mode, either the UE Radio Capability for Paging IE, or the Assistance Data for CE capable UEs IE, or both are provided in S1AP: PAGING message. So if the S1 PAGING message provides neither none of these two IEs, the eNB will not able to know that it is needed to page the UE in Paging Channel for CE mode.
Observation 1: if the S1 PAGING message provides neither the UE Radio Capability for Paging IE nor the Assistance Data for CE capable UEs IE, the eNB will not able to know that it is needed to page the UE in Paging Channel for CE mode.
According to the LS, the issue exists in two scenarios:

· Scenario 1: idle mode mobility from 2/3G
· Scenario 2: idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging Information” to MME. 
For Scenario 1, there are several solutions discussed in [1], and Solution #3 is preferred by SA2 which is extracted as below:
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Figure 6. Solution Proposal #3

In this proposal, the MME sends UE Radio Capability Match Request with new flag "Is the UE Cat M?". If the UE use CE RACH resources, the eNB will request the UE for capability. If the UE is a Cat-M UE, the eNB will respond in positive. In the following message, the eNB provides the UE Radio capability including UE Radio Capability for paging to the MME. If the UE is not Cat-M, the eNB will respond stating that the UE is not Cat-M.

The MME performs this procedure ONLY if this is the "first idle-mode TAU after RAT change". This is because the eNB must have already provided the UE's radio capability for paging to the MME during this "first idle-mode TAU after RAT change".

This solution modifies the UE Radio Capability Match procedure which was a procedure to be used only for SRVCC UEs.


From our understanding, Solution#3 preferred by SA2 cannot cover all the scenarios. The issue not only exists for Cat-M UEs, but also the LTE CE capable UEs, so the new “Cat-M checking” in UE Radio Capability match procedure cannot fully solve the issue. If we update the “Cat-M checking” to “CE capable UE checking”, it still cannot meet all the scenarios, because if the UE is a LTE CE capable UE which only support CE mode A, and the UE access from normal coverage during the TAU after moving from 2G/3G, the eNB will receive neither Cat M indication in msg3 nor the CE mode B support in msg5, the eNB will not able to know that the UE may camp in enhanced coverage to receive paging in the future.

Observation 2: Solution#3 as described in SA2 [1] cannot fully solve the issue. In some cases, the eNB is not able, based on the information from msg3 and msg5, to know whether the UE is CE capable or not.
3   Discussion

As mentioned in Section 2, in some cases, the eNB is not able to know that the UE is CE capable. It is hard to enable the MME to request the eNB to only enquire and report the UE radio capability for paging for all CE capable UEs without UE impact. As the mentioned issue exists not only in Rel-14, but also in Rel-13, and, in order not to change Rel-13 UEs, it is preferred to introduce network based solutions without UE impact. 

Observation 3: it is preferred to introduce network based solutions without UE impact.

3.1   Scenario 1: CE capable UE idle mode mobility from 2/3G to LTE

For scenario 1, as the UE moves from 2G/3G to LTE will probably need to access to the LTE network for data transmission, the UE capabilities will need to be enquired and reported to the MME sooner or later, a simpler and straight forward solution consists in the MME requesting the eNB to enquire and report the UE radio capabilities for all UEs move from 2G/3G to LTE.
Proposal 1: MME request the eNB to enquire and report the UE radio capabilities for all UEs move from 2G/3G to LTE.

To support proposal 1, there are two potential solutions:

Solution A: trigger the Connection Establishment Indication procedure without UE radio capability in case the UE moves from 2G/3G to LTE.

Standard impact: extend the Connection Establishment Indication procedure to be used not only for CIoT CP solution. 
Solution B: trigger the UE Radio Capability Match procedure without UE radio capability in case the UE moves from 2G/3G to LTE.

Standard impact: extend the UE Radio Capability Match procedure to be used not only for voice continuity. 
As the UE radio capability is a class 1 procedure, there will be an unnecessary response message to be sent, it is preferred to choose solution A to solve the mentioned issue.
Proposal 2: Trigger the Connection Establishment Indication procedure without UE radio capability in case the UE moves from 2G/3G to LTE.
3.2   Scenario 2: CE capable UE idle mode mobility from legacy eNB to Rel-13/14 eNB cell
For scenario 2, as the UE accessed to a legacy eNB before, the legacy eNB did not provide the UE Radio Capability for Paging to the MME. When the UE moves to a Rel-13/14 eNB cell, as the MME stores the UE radio capability which was previous reported from the legacy eNB, there will be no trigger of the UE radio capability reporting in most cases.

· Case A: If the idle mode CE capable UE moves from legacy eNB cell to a Rel-13/14 eNB cell and then access to the Rel-13/14 eNB, the Rel-13/14 eNB may be able to get the “UE radio capability” from the MME, e.g. in case there is bearer setup or CIoT CP solution. But according to current procedures, the Rel-13/14 will not report the “UE radio capability for paging” to the MME, to be further included in S1AP PAGING message. 

· Case B: If the idle mode CE capable UE moves from legacy eNB cell to a Rel-13/14 eNB cell, and stays in idle, when the MME page this UE, the “UE radio capability for paging” will not be included in S1AP PAGING message obviously.

In order to solve the issue in case A, one potential solution is: Rel-13/14 eNB report the “UE radio capability for paging” in S1AP UE CONTEXT RELEASE COMPLETE message and UE CONTEXT SUSPEND REQUEST message. But even with this solution, the issue still exist in case B. As there is periodic TAU, and maybe the UE will access to the network for service, it should be fine to leave case B as it is.
Proposal 3: report the “UE radio capability for paging” in S1AP UE CONTEXT RELEASE COMPLETE message and UE CONTEXT SUSPEND REQUEST message.
4   Conclusion and Proposal
In this contribution, we analyse the issue on Paging failures for CE capable UEs based on SA2 LS and discussion, get the following observations and proposals:
Observation 1: if the S1 PAGING message provides neither the UE Radio Capability for Paging IE nor the Assistance Data for CE capable UEs IE, the eNB will not be able to know that it is needed to page the UE in Paging Channel for CE mode.

Observation 2: Solution#3 se described in SA2 [1] cannot fully solve the issue. In some cases, the eNB is not able, based on the information from msg3 and msg5, to know whether the UE is CE capable or not.
Observation 3: it is preferred to introduce network based solutions without UE impact.

Proposal 1: MME to request the eNB to enquire and report the UE radio capabilities for all UEs move from 2G/3G to LTE.

Proposal 2: Trigger the Connection Establishment Indication procedure without UE radio capability in case the UE moves from 2G/3G to LTE.
Proposal 3: report the “UE radio capability for paging” in S1AP UE CONTEXT RELEASE COMPLETE message and UE CONTEXT SUSPEND REQUEST message.
Based on these proposals, it is proposed to agree the CRs in [3] [4] (for scenario 1) and [5] [6] (for scenario 2) and Draft LS to SA2 and RAN2 in [7].
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