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1 Introduction
On paging transmission for BL UE or UE in CE, RAN2 and RAN3 received LS from SA2 in R2-1710067/R3-173592. This paper attempts to clarify the problem raised in SA2 and discuss potential solutions.
2 Background
2.1 Problem statement
BL UE and UE in CE monitor RRC Paging message not in PDCCH but in MPDCCH. For eNB to decide in which channel RRC Paging message is transmitted, UE Radio Capability for Paging, which includes the UE's support of Category M1 and CE mode, is used. eNB obtains UE Radio Capability for Paging by legacy UE Capability Transfer procedure specified in TS 36.331, and send it to MME. When MME sends S1 Paging to eNB, MME includes UE Radio Capability for Paging in the S1 Paging, if it is stored.

The problem arises when UE moves from other RATs to EUTRAN in Idle mode. As described in section 5.11.4 of TS 23.401, SGSN does not provide UE Radio Capability for Paging to MME.

5.11.4
UE Radio Capability for Paging Information

The aim of this procedure is to assist the E-UTRAN in optimising the radio paging procedures.

…
In order to handle the situations of connected mode inter-MME change, the UE Radio Capability for Paging Information is sent to the target MME as part of the MM Context information. The UE Radio Capability for Paging Information is only applicable for MMEs, i.e. it is not applicable for SGSNs. Therefore, it will not be included by MME during context transfers towards SGSNs.

Therefore, as long as the UE remains RRC_IDLE, i.e., does not setup DRBs (perform service request), the NW will not able to get UE Radio Capability for Paging.

Observation 1:
When BL UE or UE in CE moves from other RAT to EUTRA in RRC_IDLE, Paging would fail until the UE performs service request since NW does not have UE Radio Capability for Paging.
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Figure 1. TAU procedure when UE moves from other RAT to EUTRA in RRC_IDLE
2.2 Solution discussed in SA2
For MME to request eNB to provide UE Radio Capability for Paging, SA2 discussed potential solutions. Overview of each solution is described below:

Solution 1) Requesting UE Radio Capability for Paging by S1 Release Command

In this solution, a new flag is defined in S1 Release Command (UE Context Release Command). On the first idle mode TAU after RAT change, MME sets the flag in S1 Release Command. If eNB receives the flag, eNB obtains UE Radio Capability for Paging (as well as UE Radio Capability) by UE Capability Transfer procedure and sends it to MME by UE Capability Info Indication.

Solution 2) Requesting UE Radio Capability for Paging by S1 Release Command (Alternative solution of Solution 1)

This solution is similar to Solution 1. The difference is that UE Radio Capability for Paging is provided by S1 Context Release Complete (UE Context Release Complete), not UE Capability Info Indication.

Solution 3) Requesting UE Radio Capability for Paging by UE Radio Capability Match Request

In this solution, a new flag which requests eNB to indicate UE Radio Capability for Paging is defined in UE Radio Capability Match Request message. If eNB receives the message including the flag, eNB performs UE Capability Transfer procedure. If UE Radio Capability for Paging is included in UE Capability Information, eNB responds to MME that the UE has UE Radio Capability for Paging by UE Radio Capability Match Response and subsequently sends UE Radio Capability for Paging byUE Capability Info Indication. An overall procedure is shown in Figure 2.
Note that SA2 endorsed solution 3.
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Figure 2. NW based solution endorsed by SA2 (solution #3 in S2-175972)
3 Discussion

In the LS [1], RAN2 and RAN3 are requested to provide feedback on the following:
	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.


Regarding the request for RAN2, the intention is that SA2 wants to investigate if there is an appropriate UE based solution, e.g., UE indicates UE Radio Capability for Paging in Msg5. However, since BL UE and UE in CE in Rel-13 have already been under development, it would be difficult for them to support the UE-based solution, i.e., the Paging failure cannot be resolved for those legacy UEs. Moreover, indicating the UE Capability in Msg5 obviously increases the size of Msg5 which might result in e.g., connection establishment failure.
Observation 2:
UE based solution e.g., UE indicates UE Radio Capability for Paging in Msg5 cannot resolve the issue for legacy UEs which does not support the solution.
On the other hand, the NW based solutions described in section 2.2 can be applied to all UEs including legacy UEs. Therefore, regardless of whether introducing UE based solution or not, one of the NW based solutions should be introduced. Since every NW based solution discussed in SA2 is feasible from RAN3 point of view, we propose to introduce solution 3 which is endorsed by SA2. We also propose to introduce the solution from Rel-14.

Proposal 1:
To introduce solution 3, i.e., utilizing UE Radio Capability Match Request/Response procedure (RAN3).

Proposal 2:
To introduce NW based solution from Rel-14 (RAN3).

Based on the assumption that RAN3 introduces one of the NW based solutions, RAN2 does not need to introduce any UE based solution.
Proposal 3:
UE based solution is not needed (RAN2).

Corresponding CR is prepared in R3-173792 [3]. Also, we would like to prepare reply LS to SA2.
3
Summary and Proposal 

In this paper, we discussed the solution for Paging failure issue which occurs when BL UE or UE in CE moved from other RAT to EUTRA in RRC_IDLE. Followings are the Observations and Proposals:
Observation 1:
When BL UE or UE in CE moves from other RAT to EUTRA in RRC_IDLE, Paging would fail until the UE performs service request since NW does not have UE Radio Capability for Paging.
Observation 2:
UE based solution e.g., UE indicates UE Radio Capability for Paging in Msg5 cannot resolve the issue for legacy UEs which does not support the solution.
Proposal 1:
To introduce solution 3, i.e., utilizing UE Radio Capability Match Request/Response procedure (RAN3).

Proposal 2:
To introduce NW based solution from Rel-14 (RAN3).

Proposal 3:
UE based solution is not needed (RAN2).
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