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1 Introduction
In RAN3#97bis meeting, RAN3 received LS on Paging failure problem for CE capable UE from SA2 [1]. RAN3 discussed potential solutions and agreed the following Working Assumptions [2]:
· WA1: For scenario 1, 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”. Note that the radio resource cost only before the first context setup after moving from 2G/3G to LTE.
· WA2: For scenario 2 inter-MME case, select solution 1C. Note that the radio resource cost only before the first context setup after moving from MME in non-supporting area, and assuming that “UE Radio Capability for Paging” was never provided to the CN (e.g. UE attached in non-supported area).
· WA3: For scenario 2 intra-MME case, the issue can be avoided by having homogeneous support in the pool area
In this paper, we further study the feasibility of solution 1C and discuss whether some clarification to capture solution 1C is needed in the specifications.
2 Discussion
2.1 Feasibility of solution 1C
UE Radio Capability for Paging, which was defined in Rel-12 and includes the UE's support of CE mode, is used by eNB to decide whether the eNB transmits Paging in PDCCH or MPDCCH. However, as raised in [1], NW cannot obtain the UE Radio Capability for Paging when UE moves from 2G/3G to LTE in RRC_IDLE mode since SGSN does not provide UE Radio Capability for Paging to MME (this is specified in TS 23.401). In this case, as long as the UE remains RRC_IDLE, i.e., does not setup DRBs (perform service request), the NW will not be able to get UE Radio Capability for Paging which would result in the failure of paging procedure, unless if the eNB transmit Paging in both PDCCH and MPDCCH.
Observation 1:
When BL UE or UE in CE moves from 2G/3G to LTE in RRC_IDLE, Paging would fail until the UE performs service request since NW does not have UE Radio Capability for Paging.
In the last RAN3 meeting, solution 1C which is the solution where the eNB transmit the Paging in both paging channels was proposed in [2]:

	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”. 


We agree that the paging failure can be avoided if eNB transmit Paging in both PDCCH and MPDCCH since UE monitors one of the channels. However, to page the UE in both channels would cost the radio resources. Especially, we should clarify the NW behaviour for the legacy UE (not supporting Rel-12) such that it does not report UE-RadioPagingInfo-r12 to the eNB, and hence it is assumed that no UE Radio Capability for Paging sent to the MME. The concern for this case is that eNB would need to transmit Paging for legacy UEs in both channels which would have serious impact on radio resource consumption. In this case, however, it is described in TS 36.331 that eNB will anyway generates UE-RadioPagingInfo-r12 without including any IEs and report it to MME in UE Radio Capability for Paging (see Annex for details). Therefore, it is understood that this UE-RadioPagingInfo-r12 with absent IEs will be included in subsequent S1 Paging, and eNB can understand that the UE does not support CE mode such that it transmits paging in PDCCH only.
Proposal 1:
To confirm that UE-RadioPagingInfo-r12 within UERadioPagingInformation with absent IEs is generated by eNB and reported to the MME and will be included in subsequent S1 Paging even if UE does not report UE-RadioPagingInfo-r12 in the UECapabilityInformation.
If proposal 1 is agreeable, except for scenario 1 and scenario 2 inter-MME case, the MME will always have the information of UE Radio Capability for Paging (which include UE-RadioPagingInfo-r12), so that the eNB will be able to differentiate which paging channel to use. That is, eNB transmits Paging in both channels only in the case after UE performs RAT change from 2G/3G to LTE in RRC_IDLE or TAU between different MME. Given that LTE NW is broadly deployed and has enough coverage today, the RAT change from 2G/3G to LTE rarely happens. Also, we can assume that inter-MME TAU is a rare case since it only occurs at the boundary between MMEs. Therefore, the impact on radio resource consumption can be negligible.

Based on the above discussion, we propose the following:

Proposal 2:
To agree that solution 1C is feasible to address the paging failure problem.
Proposal 3:
Send reply LS to SA2 to inform the above agreements.
2.2 Impact of solution 1C on the specifications
In this section, we discuss whether some clarification to capture solution 1C is needed in the specifications.
As discussed in section 2.2, eNB transmits Paging in both channels when the S1 Paging does not include neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”. This means that eNB checks the existence of the UE Radio Capability for Paging IE and Assistance Data for Paging IE in S1 Paging. However, currently such eNB behaviour is not captured in TS 36.413. As shown in the following, only the eNB behaviour when each IE is included in S1 Paging is specified:

8.5
Paging

8.5.2
Successful Operation

…
If the UE Radio Capability for Paging IE is included in the PAGING message, the eNB may use it to apply specific paging schemes.

If the Assistance Data for Recommended Cells IE is included in the Assistance Data for Paging IE it may be used, together with the Paging Attempt Information IE if also present according to TS 36.300 [14].

If the Assistance Data for CE capable UEs IE is included in the Assistance Data for Paging IE, it may be used for paging the indicated CE capable UE, together with the Paging Attempt Information IE according to TS 36.300 [14].
…
We should clarify the expected eNB behaviour when neither the UE Radio Capability for Paging IE nor the Assistance Data for Paging IE is absent. Corresponding CR is prepared in [3].
Proposal 3:
To clarify in the specification that the expected eNB behaviour when neither the UE Radio Capability for Paging IE nor the Assistance Data for Paging IE is absent in S1 Paging message. 
3
Summary and Proposal 

In this paper, we discussed the feasibility of solution 1C and whether some clarification to capture solution 1C is needed in the specifications. Followings are the observation and proposals:

Proposal 1:
To confirm that UE-RadioPagingInfo-r12 within UERadioPagingInformation with absent IEs is generated by eNB and reported to the MME and will be included in subsequent S1 Paging even if UE does not report UE-RadioPagingInfo-r12 in the UECapabilityInformation.
Proposal 2:
To agree that solution 1C is feasible to address the paging failure problem.

Proposal 3:
Send reply LS to SA2 to inform the above agreements.
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Annex:
Generation of UE-RadioPagingInfo-r12 by eNB

When eNB requests UE to report its UE Capability, the UE sends RRC: UE Capability Information message to the eNB. As shown in the following, RRC: UE Capability Information message may include UE-RadioPagingInfo-r12.


–
UECapabilityInformation
The UECapabilityInformation message is used to transfer of UE radio access capabilities requested by the E‑UTRAN.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

UECapabilityInformation message
-- ASN1START

UECapabilityInformation ::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




ueCapabilityInformation-r8


UECapabilityInformation-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityInformation-r8-IEs ::=
SEQUENCE {


ue-CapabilityRAT-ContainerList

UE-CapabilityRAT-ContainerList,


nonCriticalExtension



UECapabilityInformation-v8a0-IEs
OPTIONAL

}

UECapabilityInformation-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityInformation-v1250-IEs
OPTIONAL

}

UECapabilityInformation-v1250-IEs ::= SEQUENCE {


ue-RadioPagingInfo-r12



UE-RadioPagingInfo-r12



OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- ASN1STOP



After eNB receives the UE Capability from UE, the eNB sends it to MME by S1-AP: UE Capability Info Indication message, which includes UERadioPagingInformation message.



–
UERadioPagingInformation
This message is used to transfer radio paging information, covering both upload to and download from the EPC.

Direction: eNB to/ from EPC

UERadioPagingInformation message

-- ASN1START

UERadioPagingInformation ::= SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




ueRadioPagingInformation-r12


UERadioPagingInformation-r12-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UERadioPagingInformation-r12-IEs ::= SEQUENCE {


ue-RadioPagingInfo-r12



OCTET STRING (CONTAINING UE-RadioPagingInfo-r12),


nonCriticalExtension



UERadioPagingInformation-v1310-IEs


OPTIONAL

}
UERadioPagingInformation-v1310-IEs ::= SEQUENCE {


supportedBandListEUTRAForPaging-r13

SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicator-r11 OPTIONAL,


nonCriticalExtension




SEQUENCE {}







OPTIONAL

}
-- ASN1STOP

	UERadioPagingInformation field descriptions

	ue-RadioPagingInfo 

The field is used to transfer UE capability information used for paging. The eNB generates the ue-RadioPagingInfo and the contained UE capability information is absent when not supported by the UE.

	supportedBandListEUTRAForPaging 

Indicates the UE supported frequency bands which is derived by the eNB from UE-EUTRA-Capability.




If UE-RadioPagingInfo-r12 was reported by UE in RRC: UE Capability Information message, the eNB just includes it to the UE RadioPagingInformation.

If UE-RadioPagingInfo-r12 was not reported by UE (i.e., legacy UE), the eNB generates UE-RadioPagingInfo-r12 as shown in the above description highlighted by aqua. Since all IEs contained in the UE-RadioPagingInfo-r12 are optional, the eNB can generate the UE-RadioPagingInfo-r12 without including any IEs as follows:


–
UE-RadioPagingInfo
The UE-RadioPagingInfo IE contains UE capability information needed for paging.

UE-RadioPagingInfo information element

-- ASN1START

UE-RadioPagingInfo-r12 ::=



SEQUENCE {


ue-Category-v1250




INTEGER (0)


OPTIONAL, -> absent

...,


[[
ue-CategoryDL-v1310





ENUMERATED {m1}

OPTIONAL, -> absent


ce-ModeA-r13






ENUMERATED {true}
OPTIONAL, -> absent


ce-ModeB-r13






ENUMERATED {true}
OPTIONAL -> absent

]]

}

-- ASN1STOP

	UE-RadioPagingInfo field descriptions

	ce-ModeA, ce-ModeB

Indicates whether the UE supports operation in CE mode A and/or B, as specified in TS 36.211 [21] and TS 36.213 [23].

	ue-Category, ue-CategoryDL

UE category as defined in TS 36.306 [5]. A category M2 UE shall always include the field ue-CategoryDL-v1310 in this version of the specification.
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