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Introduction
SA2 agreed to introduce paging cause for MUSIM-capable UEs for both EPS and 5GS, and sent an LS to RAN2 [1]:
SA2 has concluded that the UE shall be able to discriminate the case where it is being paged for non-voice service from the case where it is being paged (for any service) by a RAN node not supporting the Paging Cause, either because the RAN node does not support the Paging Cause feature, or because in case of RAN sharing it is configured to operate without the Paging Cause feature for some of the connected CNs. 
SA2 would like to ask RAN2 to take into account the above information and provide feedback if necessary.  
The agreed paging cause was already reflected into their conclusion in TR 23.761 Section 8.1 [2]:
-	For both EPS and 5GS, only the voice is supported to be indicated as the paging cause to the UE. The indicated Paging Cause as voice can be determined based on the PPI related to voice.
-	The network applies the Paging Cause only for UEs that have provided indication they operate in MUSIM mode.
NOTE 1:	The CS call indicator from MSC is handled differently (see TS 23.272) to this Release 16 Paging Cause.
-	The Paging Cause Solution shall ensure that a UE can detect when the feature is not supported in the cell where it is camping (either because the RAN or CN does not support the feature).
NOTE 2:	"voice" refers to MMTel voice (5GS and EPS) and CS domain voice (EPS only).
Based on SA2’s request, we discuss what RAN2 needs to do. 
Discussion
The background and facts under the SA2’s progress on paging cause can be summarized as follows:
· When CN sends S1/N2 paging message to RAN, CN knows 
· whether the RAN supports MUSIM or not. 
· whether or not the UE (for which this S1/N2 paging message is addressed to) has provided indication that it operates in MUSIM mode. 
· CN sends S1/N2 paging without paging cause to the RAN that does not support MUSIM. The UE (even if MUSIM-capable) receives Uu paging from this RAN without paging cause anyway.
· CN sends S1/N2 paging with the paging cause “voice” only to MUSIM-supporting RANs. In this case, other causes (except “voice”) can be indicated by the absence of the paging cause “voice” or by another paging cause value in S1/N2 paging message, which is not under the turf of RAN2. 
· If a MUSIM-supporting RAN receives a S1/N2 paging message with the paging cause “voice”, it can send a Uu paging with a paging cause “voice” to the UE. 
· The UE does not know whether a RAN supports MUSIM feature or not. As a result, when it receives a Uu paging without paging cause, it cannot discriminate whether it is paged from non-supporting RAN or it is paged from MUSIM-supporting RAN for causes other than “voice”. It is up to RAN2 on how to address it according to the LS [1] we received.
Based on the above, we can observe that only one paging cause over Uu paging is not enough as a MUSIM-capable UE at least needs to distinguish between “voice” and “other” from MUSIM-supporting RANs. 
Proposal 1: From SA2 LS (S2-2102039), RAN2 needs to introduce at least two paging causes in Uu paging messages for MUSIM-capable UEs: “voice” and “other”. 
And please remember that RAN2 already discussed over email discussion at early phase whether to support paging cause or not, and if supported, how it should be reflected into RRC specs [3]:
Question 14: Do companies think it is feasible to have paging cause on Uu for EPS and 5GS, and do companies agree with the analysis in Observation 2.1? If not, please provide alternatives.
//////////////////////////////////////////////skipped for brevity/////////////////////////////////////////////////////
Summary: 
26 companies provided their view on this question (19 Yes, 0 No, 7 Others).
Most of companies think it is feasible to have paging cause on Uu for EPS and 5GS, and agree with Observation 2.1. Some companies further point out it’s up to SA2 to consider the paging cause value, and possible security issue.
The majority already expressed that there is no problem having paging cause on Uu paging message for EPS and 5GS, as long as SA2 agrees to do so. The majority also agreed to extend the paging record in Uu paging message by a “parallel list” [3], which is the approach that was adopted by [4] and introduces lower overhead.  
Moreover, introducing LTE RRC changes are allowed for paging cause in our WID [5]. The related “objective 3” has been stated from the beginning that the RAT can be LTE, although LTE RRC is not specifically listed in the impacted specs.  
Given that now SA2 agreed to do so and considering our previous discussions, now is the perfect time to work on RRC specs. 
Proposal 2: RAN2 to introduce two paging causes “voice” and “other” by extending the paging record in Uu paging message by a “parallel” list as discussed over the previous email discussion.
The corresponding changes to TS 36.331 [6] and TS 38.331 [7] are depicted in Annex A and B, respectively.
Conclusion
In the present contribution we make the following observations:
Observation 1: The background and facts under the SA2’s progress on paging cause can be summarized as follows:
· When CN sends S1/N2 paging message to RAN, CN knows 
· whether the RAN supports MUSIM or not. 
· whether or not the UE (for which this S1/N2 paging message is addressed to) has provided indication that it operates in MUSIM mode. 
· CN sends S1/N2 paging without paging cause to the RAN that does not support MUSIM. The UE (even if MUSIM-capable) receives Uu paging from this RAN without paging cause anyway.
· CN sends S1/N2 paging with the paging cause “voice” only to MUSIM-supporting RANs. In this case, other causes (except “voice”) can be indicated by the absence of the paging cause “voice” or by another paging cause value in S1/N2 paging message, which is not under the turf of RAN2. 
· If a MUSIM-supporting RAN receives a S1/N2 paging message with the paging cause “voice”, it can send a Uu paging with a paging cause “voice” to the UE. 
· The UE does not know whether a RAN supports MUSIM feature or not. As a result, when it receives a Uu paging without paging cause, it cannot discriminate whether it is paged from non-supporting RAN or it is paged from MUSIM-supporting RAN for causes other than “voice”. It is up to RAN2 on how to address it according to the LS we received.
Observation 2: Only one paging cause over Uu paging is not enough as a MUSIM-capable UE at least needs to distinguish between “voice” and “other” from MUSIM-supporting RANs.
Observation 3: The majority in RAN2 already expressed during the email discussion at early phase [3] willing to support paging cause upon SA2 agrees and how it should be reflected into RRC specs. 
Observation 4: Introducing LTE RRC changes are allowed for paging cause in our WID [5], although LTE RRC is not listed in the impacted specs. 
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: From SA2 LS (S2-2102039), RAN2 needs to introduce at least two paging causes in Uu paging messages for MUSIM-capable UEs: “voice” and “other”. 
Proposal 2: RAN2 to introduce two paging causes “voice” and “other” by extending the paging record in Uu paging message by a “parallel” list as discussed over the previous email discussion.
The proposed changes to TS 36.331 [6] and 38.331 [7] can be found in Annex A and Annex B, respectively.
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Annex A
An example change for TS 36.331 [6] can be as follows:
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
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The Paging message is used for the notification of one or more UEs.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channel: PCCH
Direction: E‑UTRAN to UE
Paging message
-- ASN1START

Paging ::=					SEQUENCE {
	pagingRecordList				PagingRecordList					OPTIONAL,	-- Need ON
	systemInfoModification			ENUMERATED {true}					OPTIONAL,	-- Need ON
	etws-Indication					ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			Paging-v890-IEs						OPTIONAL
}

Paging-v890-IEs ::=			SEQUENCE {
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			Paging-v920-IEs						OPTIONAL
}

Paging-v920-IEs ::=			SEQUENCE {
	cmas-Indication-r9				ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			Paging-v1130-IEs					OPTIONAL
}

Paging-v1130-IEs ::=			SEQUENCE {
	eab-ParamModification-r11		ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			Paging-v1310-IEs					OPTIONAL
}

Paging-v1310-IEs ::=			SEQUENCE {
	redistributionIndication-r13	ENUMERATED {true}					OPTIONAL,	-- Need ON
	systemInfoModification-eDRX-r13	ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			Paging-v1530-IEs					OPTIONAL
}

Paging-v1530-IEs ::=			SEQUENCE {
	accessType						ENUMERATED {non3GPP}				OPTIONAL,	-- Need ON
	nonCriticalExtension			Paging-v1610-IEs					OPTIONAL
}

Paging-v1610-IEs ::=			SEQUENCE {
	pagingRecordList-v1610			PagingRecordList-v1610				OPTIONAL,	-- Need ON
	uac-ParamModification-r16		ENUMERATED {true}					OPTIONAL,	-- Need ON
	nonCriticalExtension			SEQUENCE {}Paging-v1700-IEs							OPTIONAL
}

Paging-v1700-IEs ::=			SEQUENCE {
	pagingRecordList-v1700			PagingRecordList-v1700				OPTIONAL, 	-- Need ON
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

PagingRecordList ::=				SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecordList-v1610 ::=			SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord-v1610

PagingRecordList-v1700 ::=			SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord-v1700

PagingRecord ::=					SEQUENCE {
	ue-Identity							PagingUE-Identity,
	cn-Domain							ENUMERATED	{ps, cs},
	...
}

PagingRecord-v1610 ::=				SEQUENCE {
	accessType-r16						ENUMERATED {non3GPP}			OPTIONAL,		-- Need ON
	mt-EDT-r16							ENUMERATED {true}				OPTIONAL		-- Need ON
}

PagingRecord-v1700 ::=				SEQUENCE {
	pagingCause-r17						ENUMERATED {voice, other, spare1, spare2}	OPTIONAL 		-- Need ON
}

PagingUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	imsi								IMSI,
	...,
	ng-5G-S-TMSI-r15					NG-5G-S-TMSI-r15,
	fullI-RNTI-r15						I-RNTI-r15
}

IMSI ::=							SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=						INTEGER (0..9)

-- ASN1STOP

	Paging field descriptions

	accessType
It indicates whether Paging is originated due to the PDU sessions from the non-3GPP access when E-UTRA is connected to 5GC. E-UTRAN does not include both accessType (i.e., without suffix) and accessType-r16 in a single paging message.

	cmas-Indication
If present: indication of a CMAS notification.

	cn-Domain
Indicates the origin of paging.

	eab-ParamModification
If present: indication of an EAB parameters (SIB14) modification.

	etws-Indication
If present: indication of an ETWS primary notification and/ or ETWS secondary notification.

	imsi
The International Mobile Subscriber Identity, a globally unique permanent subscriber identity, see TS 23.003 [27]. The first element contains the first IMSI digit, the second element contains the second IMSI digit and so on.

	mt-EDT
Indication of mobile terminating EDT.

	pagingCause
Indicates the cause of paging. This indication applies only to UEs that have provided indication to the network that it operates in Multi-USIM mode.

	pagingRecordList
If E-UTRAN includes pagingRecordList-v1610 and pagingRecordList-v1700, it includes the same number of entries, and listed in the same order, as in pagingRecordList (i.e. without suffix).

	redistributionIndication
If present: indication to trigger E-UTRAN inter-frequency redistribution procedure as specified in TS 36.304 [4], clause 5.2.4.10.

	systemInfoModification
If present: indication of a BCCH modification other than SIB10, SIB11, SIB12 and SIB14. This indication does not apply to UEs using eDRX cycle longer than the BCCH modification period.

	systemInfoModification-eDRX
If present: indication of a BCCH modification other than SIB10, SIB11, SIB12 and SIB14. This indication applies only to UEs using eDRX cycle longer than the BCCH modification period.

	uac-ParamModification
If present: indication of UAC parameters (SIB25) modification.

	ue-Identity
Provides the NAS identity of the UE that is being paged. The IMSI is not applicable for E-UTRA/5GC.



Annex B
An example change for TS 38.331 [7] can be as follows:
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
6.2.2	Message definitions
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
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The Paging message is used for the notification of one or more UEs.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channel: PCCH
Direction: Network to UE
Paging message
-- ASN1START
-- TAG-PAGING-START

Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList                                                        OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                SEQUENCE{}Paging-v1700-IEs                                                              OPTIONAL
}

Paging-v1700-IEs ::=				SEQUENCE {
	pagingRecordList-v1700				PagingRecordList-v1700	OPTIONAL,	--Need N
	nonCriticalExtension				SEQUENCE {}				OPTIONAL
}

PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord

PagingRecordList-v1700 ::=			SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-v1700

PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}

PagingRecord-v1700 ::=				SEQUENCE {
	pagingCause-r17						ENUMERATED {voice, other, spare1, spare2}	OPTIONAL 	-- Need N
}

PagingUE-Identity ::=               CHOICE {
    ng-5G-S-TMSI                        NG-5G-S-TMSI,
    fullI-RNTI                          I-RNTI-Value,
    ...
}

-- TAG-PAGING-STOP
-- ASN1STOP

	PagingRecord field descriptions

	accessType
Indicates whether the Paging message is originated due to the PDU sessions from the non-3GPP access.

	pagingCause
Indicates the cause of paging. This indication applies only to UEs that have provided indication to the network that it operates in Multi-USIM mode.

	pagingRecordList
If pagingRecordList-v1700 is included, it includes the same number of entries, and listed in the same order, as in pagingRecordList (i.e. without suffix).
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