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1   Introduction
The paging failures for CE Capable UEs was discussed in RAN3#97bis meeting, triggered by the incoming SA2 LS [1], after the discussion, one way forward was provided in [2], with several working assumptions achieved:
· WA: For idle mode mobility from 2G/3G, select solution 1C (to page the UE in both CE paging channel and normal paging channel in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”.
· WA: For idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, inter-MME case, select solution 1C (see above).
· WA: For idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, intra-MME case, the issue can be avoided by having homogeneous support in the pool area
In this contribution, we further analyses the issue, and propose to capture solution 1C in the specification and send Relay LS to SA2 and RAN2.
2   Background [2]
Scenarios:

Scenario 1: idle mode mobility from 2/3G
In this scenario, as there is no “UE radio capability for paging” in the MME, the MME is not able to provide the “UE radio capability for paging” to the eNB to know where to page the UE. 

Scenario 2: idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME

In this scenario, there may also be no “UE radio capability for paging” in the MME:

-
In inter-MME case, if “UE radio capability for paging” was not available in the old MME (there are various sub-scenarios of eNB or MME non-support). This is similar to the inter-RAT TAU case in scenario 1 (capabilities including paging capabilities are provided to the new MME at first context setup).

-
In intra-MME scenario, the scenario is similar except that it may not even be fixed at the first context setup (as MME has the “UE radio capability” but not the “UE radio capability for paging”). This scenario can be avoided by having homogeneous support in a pool area.

Solution:

Solution 1C: page the UE in both CE paging channel and normal paging channel in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”. Note that the radio resource cost only before the first context setup after moving from 2G/3G to LTE.

Standard impact: may need to clarify that the eNB need to page the UE in both CE paging channel and normal Paging Channel in case there is neither “UE radio capability for paging” nor “Assistance Data for CE capable UEs” in S1 PAGING message.
3   MTC related
According to the clarification in Annex A of [2], in the Rel-12 or later release eNB area, once there is UE context setup procedure (which triggers the UE capabilities report to the MME) the eNB will always able to get the “UE Radio Capability for Paging” to decide which paging channel to use. 

Only if the MME triggers to page the UE earlier than mobile originated access, the eNB will need to page the UE in both CE paging channel and normal Paging Channel once. Considering that the scenario 1 and scenario 2(inter MME case) will not happen frequently, the radio resource cost will be acceptable and with this the UE will be reachable in this scenarios.
Proposal 1: page the UE in both CE paging channel (MPDCCH) and normal paging channel (PDCCH) in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”.
It is needed to capture the following text in Rel-13 and Rel-14 specifications:
	23.7b
Support of UEs in Enhanced Coverage

A UE in enhanced coverage is a UE that requires the use of enhanced coverage functionality to access the cell. In this release of the specification two enhanced coverage modes (mode A, mode B) are supported. The support of enhanced coverage mode A is mandatory for a BL UE. The maximum PDSCH/PUSCH bandwidth in connected mode for unicast transmission depends on the UE category and enhanced coverage mode as summarized in table 23.7a-1.

//skip the unchanged part
A UE in enhanced coverage is paged using the same mechanism for paging BL UEs. The starting subframe of a paging occasion and the repetition pattern (in both time and frequency domain for downlink common control signaling) of that paging occasion are determined irrespective of the UEs enhanced coverage level.

The paging request from the MME for a UE supporting enhanced coverage functionality may contain enhanced coverage level related information and corresponding cell ID. If both the UE Radio Capability for Paging and the Assistance Data for Paging are not included in the procedure, this triggers the eNB page the UE in both PDCCH and MPDCCH.
A UE in RRC_IDLE does not inform the network when it changes the enhanced coverage level.
//skip the unchanged part


Proposal 2: capture in TS36.300 that “If both the UE Radio Capability for Paging and the Assistance Data for Paging are not included in the procedure, this may trigger the eNB page the UE in both PDCCH and MPDCCH”.
Proposal 3: send Reply LS to SA2 to inform RAN3 agreements below:

· For idle mode mobility from 2/3G and inter-MME idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, RAN3 agreed that in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”, the eNB will page the UE in both PDCCH and MPDCCH.

· For intra-MME idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, RAN3 agreed that this scenario can be avoided by having homogeneous support in a pool area, hence there is no specification update needed.

4   NB-IoT related

On the other hand, during the offline discussion, it was found that the above issue does not exist for NB-IoT, because in TS23.401, it is specified that:

	For the EPS CIoT Optimisations, during the Attach procedure or the Tracking Area Update procedure, e.g. for the "first TAU following GERAN/UTRAN Attach", if the MME does not send an S1 interface INITIAL CONTEXT SETUP REQUEST to the E-UTRAN, the MME should obtain the UE Radio Capability information by sending the Connection Establishment Indication message without UE Radio Capability information included to the E-UTRAN. This triggers the E UTRAN to request the UE Radio Capability from the UE and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message. In subsequent ECM connections, if the MME does not send an S1 interface INITIAL CONTEXT SETUP REQUEST to the E UTRAN, the MME sends the UE Radio Capability to the E-UTRAN in the Connection Establishment Indication message or Downlink NAS Transport message.


That means the Connection Establishment Indication procedure will be triggered by the MME to obtain the UE radio capability, not only been used in case there is no DL NAS PDU to be transmitted. And for this purpose this procedure applies to not only CP solution, but also UP solution. Herein it is needed to align RAN specification TS36.300 as below:

	Rel-13 TS36.300: section 19.2.2.25:

	The Connection Establishment Indication procedure enables the MME to provide information to the eNB to complete the establishment of the UE-associated logical S1-connection after receiving INITIAL UE MESSAGE message, if the MME has no NAS PDU to send in DL in case of Control Plane CIoT EPS Optimization. This procedure could also enables the MME to obtain the UE Radio Capability information for CIoT EPS Optimization solutions.

	Rel-14 TS36.300: section 19.2.2.25:

	The Connection Establishment Indication procedure enables the MME to provide information to the eNB to complete the establishment of the UE-associated logical S1-connection in case of Control Plane CIoT EPS Optimization either

-
after receiving INITIAL UE MESSAGE message, if the MME has no NAS PDU to send in DL, or 
-
after receiving an eNB CP RELOCATION INDICATION message.
This procedure could also enables the MME to obtain the UE Radio Capability information for CIoT EPS Optimization solutions.


Proposal 4: align TS36.300 with SA2 specification the Connection Establishment Indication procedure could also be used to enable the MME to obtain the UE Radio Capability information for CIoT EPS Optimization solutions.

5   Conclusion
In this contribution, we further analysed the paging failures for CE Capable UEs, and get the following proposals:
Proposal 1: page the UE in both CE paging channel and normal paging channel in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”.

Proposal 2: capture in TS36.300 that “If both the UE Radio Capability for Paging and the Assistance Data for Paging are not included in the procedure, this may trigger the eNB page the UE in both PDCCH and MPDCCH.” Endorse the CR in [3] [4].
Proposal 3: send Reply LS to SA2 to inform RAN3 agreements below, draft in [5].
· For idle mode mobility from 2/3G and inter-MME idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, RAN3 agreed that in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”, the eNB will page the UE in both PDCCH and MPDCCH.

· For intra-MME idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, RAN3 agreed that this scenario can be avoided by having homogeneous support in a pool area, hence there is no specification update needed.

Proposal 4: align TS36.300 with SA2 specification the Connection Establishment Indication procedure could also be used to enable the MME to obtain the UE Radio Capability information for CIoT EPS Optimization solutions. Endorse the CR in [6] [7].
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