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Introduction
The last RAN2-113bis-e was able to progress based on email discussion [1] as follows:
1: RAN2 works to support the MUSIM paging cause feature that SA2 is working on and also addresses the paging cause issue raised by SA2 LS.
2: RAN2 attempts to reply LS to SA2 once we progress on solution and agree on CR(s) that support/address the above feature/issue.
5: If RAN2 agrees to add a paging cause value (or any other information that could lead to a specific paging cause) in Uu paging message, RAN2 specifies the relevant UE behavior (i.e. inform or passing to the upper layer) upon its reception in both LTE and NR specifications.
RAN2 does not intend to introduce alternative paging IDs for MUSIM paging (unless requested by SA2).
Namely, we were able to rule out alternative paging ID solution. In this contribution, we provide analysis between solutions and share our views on the right solution that supports MUSIM paging cause feature as well as addresses the paging cause issue raised by SA2 LS [2].
Discussion
  Right Solution Direction
[bookmark: _Hlk71549160]The key difference between Solution Directions A and B in the email discussion summary [1] is whether an additional indication (outside Uu paging message) is needed to inform RAN’s support of paging cause or not. 
This is certainly related to the request from SA2 LS [2] that the MUSIM UE should 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 not supporting the paging cause. 
The purpose of this request is because the MUSIM UE behaviour could be different (and thus should not be confused what to do):
· In case RAN does not support paging cause and a MUSIM UE receives a Uu paging message (without any paging cause), it is expected to respond to the paging as legacy. 
· In case RAN supports paging cause and a MUSIM UE receives a Uu paging message other than “voice” cause, it may not respond to the paging, as the paging is not urgent. 
· However, in case RAN supports paging cause and a MUSIM UE receives a Uu paging message of “voice” cause, it is expected to respond to the paging. 
As we can see, additional indication of whether paging cause is supported by RAN or not does NOT provide a clear separation of the expected UE behaviors. 
Moreover, even if a MUSIM UE knows by SIB or paging DCI, etc. (i.e.  outside Uu paging message) that the current RAN supports paging cause or not, a MUSIM UE anyway must decode the Uu paging message to see whether it is paged and whether it needs to respond or not. For the case that RAN does not support paging cause, a MUSIM UE should look for its paging ID in the received Uu paging message to see whether it is paged. For the case that RAN supports paging cause, a MUSIM UE should check whether it is paged and if so, check whether it is paged for “voice” cause or not.
From this sense, we believe that additional indication outside Uu paging message is an over-engineering. Given that (1) anyway a MUSIM UE needs to decode the received Uu paging message and see/decide what it should do; (2) additional indication does not provide a clear separation of the expected UE behaviors, we believe that RAN’s support or non-support of paging cause feature should be better to be indicated by the Uu paging message directly. There seems no benefit for the Solution Direction B. 
Proposal 1: RAN2 to agree that MUSIM UE discriminates whether it is paged from RAN supporting paging cause feature or not, by just receiving Uu paging message (i.e. no additional indication is needed outside Uu paging message to inform RAN’s support of paging cause feature or not).
  Solution Analysis
Several solutions have been proposed along this line of Proposal 1 (see summaries in [1][3]). Before getting into stage-3 details, we think that it is important to check the baseline facts:
· Upon receiving a Uu paging message, a UE has to anyway search its paging ID through the paging record list to see if it is paged. 
· In case RAN does not support paging cause, a MUSIM UE should anyway search its paging ID through the legacy paging record list (as same to the legacy UE).
· If RAN supports paging cause, Uu Paging message should be extended to support MUSIM UEs (i.e. impossible to re-use the legacy Paging PDU as it is). 
With the above in mind, there are two approaches in general:
1) Extend the extensible legacy PagingRecord IE (while re-using the legacy paging record list)
2) Use the non-critical extension of Paging PDU
   When extending the extensible legacy PagingRecord IE
In terms of NR Uu paging message, this approach can be depicted as below. 
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList                                                        OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                SEQUENCE{}                                                              OPTIONAL
}

[bookmark: _Hlk71521877]PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord

PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...,
	[[pagingCause              			ENUMERATED {voice}    	OPTIONAL,   -- Need N]]
}
Regardless of one cause value (“voice”) or two cause values (“voice” and “non-voice”) or more, considering little room for Uu paging message (which affects how many paging records can be accommodated as well as coverage of paging), we think this approach should be avoided from ASN.1 point of view. 
To show this, ASN.1 encoding of NR Paging message with 1 paging record when the extended field of paging cause is absent (left) and present (right) is depicted below, based on “Unaligned” Packet Encoding Rules (PER) as specified in TS 38.331 [6] Section 8.1.
	
 
	
 


Figure 1: ASN.1 Encoding of NR Paging message with 1 paging record: (left) the extended field of paging cause is absent; (right) the extended field of paging cause is present
Though the existence of an extension field (i.e. a field included after the extension marker) can be encoded by a 1-bit extension flag, if the flag is set to “1”, then the extension header indicating preamble size, length, and contents as well as its extension length takes up 2 bytes, as shown in the right of Figure 1. 
Note that one cause value can be directly indicated by the 1-bit preamble and does not take up any space for the actual content. Additional 2 bytes purely comes from handling an extension field.
Proposal 2: Do not extend the legacy PagingRecord IE for paging cause.
   When using the non-critical extension of Paging PDU
In terms of NR Uu paging message, this approach can be depicted as below. 
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList     			OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                    OPTIONAL, 
    nonCriticalExtension                SEQUENCE{}Paging-v1700-IEs      OPTIONAL                                               
}

Paging-v1700-IEs ::=				SEQUENCE {
	field1-r17                  		IE1-r17							OPTIONAL,
	...				
}

The nonCriticalExtension field is already handled by the dedicated 1-bit preamble. As a result, no additional (and expensive) extension header is required. Another advantage of this approach is that MUSIM UEs can immediately know the support of paging cause feature from the current RAN by checking the existence of this nonCriticalExtension field (1-bit preamble), without searching through the legacy paging record list. A  RAN that supports paging cause can always include this nonCriticalExtension field (i.e. Paging-v1700-IEs) in the Uu paging message, even if its optional subfield(s) are not included (i.e. their preamble bits are set to 0). 
Along this line, there are couple of possible solutions proposed (summarized in [1][3]):
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
a) New field for Paging-v1700-IEs can include a fixed number of bits that indicate how many # of paging records in the first or last part of the legacy paging record list is paged for “voice”. 
Paging-v1700-IEs ::=		SEQUENCE {
	voiceCauseNumber-r17		BIT STRING			     OPTIONAL, -- Need N
	nonCriticalExtension        SEQUENCE{}               OPTIONAL
}
· In case of NR, only 5 “fixed” bits are enough for the new field to cover 32 paging records, regardless of # of MUSIM UEs to be paged. 
· Even if there is no MUSIM UE paged for “voice”, the 1-bit preamble for optionality can be used to indicate the MUSIM UEs (included in the legacy paging record list) that they are paged for “non-voice”. Or, value “0” can be used for this new field, requiring one additional bit.
· New paging cause value in future may have to be extended through the similar handling (i.e. having another bit string to indicate # of paging records for that paging cause). 
b) New field for Paging-v1700-IEs can be a parallel list for MUSIM UEs to provide paging cause. 
[bookmark: _Hlk71524126]Paging-v1700-IEs ::=		SEQUENCE {
	pagingRecordList-r17		PagingRecordList-r17     OPTIONAL, -- Need N
	nonCriticalExtension        SEQUENCE{}               OPTIONAL
}

PagingRecordList-r17  ::=   SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-r17

PagingRecord-r17  ::=		  SEQUENCE {
[bookmark: _Hlk71529779]    paginingCause-r17           ENUMERATED {voice, other}  OPTIONAL   -- Need S
}
· This is the approach that has been adopted for LTE Paging message [4]. All UEs (regardless of MUSIM or not) are expected to search their paging IDs through the legacy paging record list. MUSIM UEs needs to check this parallel list to see if paged for “voice” or not.
· The paging cause field paginingCause-r17 can be further optimized to have “voice” value only. In this case, even if there is no MUSIM UE paged for “voice”, the 1-bit preamble for this parallel list set to “0” (while the preamble bit for nonCriticalExtension is set to “1”) can be used to indicate the MUSIM UEs (included in the legacy paging record list) that they are paged for “other”.
· If CN ends up sending S1/N2 paging message only having paging cause of “voice” but the paging cause field (i.e. paginingCause-r17) is defined with both “voice” and “other”, then this may complicate NW handling since a MUSIM-supporting RAN needs to check whether a UE to be paged is capable of MUSIM or not (especially for “other” cause that is not signalled in S1/N2 paging message). 
· New paging cause value in future can be extended through the dedicated paging cause field.
· Additional bits required varies depending on # of MUSIM UEs to be paged.
c) New field for Paging-v1700-IEs can be new paging record list dedicated for MUSIM UEs. 
[bookmark: _Hlk71524055]Paging-v1700-IEs ::=		SEQUENCE {
	pagingRecordList-r17		PagingRecordList-r17     OPTIONAL, -- Need N
	nonCriticalExtension        SEQUENCE{}               OPTIONAL
}

PagingRecordList-r17  ::=   SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-r17

PagingRecord-r17  ::=		  SEQUENCE {
    ue-Identity                 PagingUE-Identity,
    accessType                  ENUMERATED {non3GPP}    		OPTIONAL,  -- Need N
    paginingCause-r17           ENUMERATED {voice, spare}  OPTIONAL   -- Need S
}
· The new dedicated paging record list is used exclusively for MUSIM UEs. If included, MUSIM UEs don’t have to search through the legacy paging record list at all. 
· If CN ends up sending S1/N2 paging message only having paging cause of “voice”, then this may complicate NW handling since a MUSIM-supporting RAN needs to check whether a UE to be paged is capable of MUSIM or not (especially for “non-voice” cause that is not signalled in S1/N2 paging message). 
· New paging cause value in future can be extended through the dedicated paging cause field.
· Additional bits required varies depending on # of MUSIM UEs to be paged.
d) New field for Paging-v1700-IEs can be a new paging record list dedicated for MUSIM UEs paged with “voice” cause. 
[bookmark: _Hlk71523236]Paging-v1700-IEs ::=		SEQUENCE {
	pagingRecordList-r17		PagingRecordList-r17     OPTIONAL, -- Need N
	nonCriticalExtension        SEQUENCE{}               OPTIONAL
}

PagingRecordList-r17  ::=   SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
· MUSIM UEs paged for paging cause other than “voice” are included in the legacy paging record list. If CN ends up sending S1/N2 paging message only having paging cause of “voice”, then this could be aligned with NW handling since a MUSIM-supporting RAN can simply include those MUSIM UEs paged for “voice” into this dedicated paging record list, without checking whether a UE to be paged is capable of MUSIM or not. 
· Even if there is no MUSIM UE paged for “voice”, the 1-bit preamble for this new paging record list set to “0” (while the preamble bit for nonCriticalExtension is set to “1”) can be used to indicate the MUSIM UEs (included in the legacy paging record list) that they are paged for “non-voice”. 
· For new paging cause value in future, additional paging record list may need to be defined.
· Additional bits required does not vary depending on # of MUSIM UEs to be paged. And in terms of additional bits required, this could be the most optimized solution.
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
[bookmark: _Hlk71532549]From the above analysis, we believe the approach (d) is the most suitable solution that incurs least addition in terms of paging message size which does not depend on # of MUSIM UEs to be paged. Moreover, this approach simplifies NW handling for S1/N2 paging with “voice” cause only. The MUSIM-supporting RAN does not have to check whether a UE to be paged is capable of MUSIM or not.
Proposal 3: Introduce the new paging record list dedicated for MUSIM UEs paged with “voice” cause.
The corresponding changes to TS 36.331 [6] and TS 38.331 [6] are depicted in Annex A and B, respectively.
Conclusion
In the present contribution we make the following observations:
////////////////////////////////////////////////////////////// Observations for Proposal 1 ////////////////////////////////////////////////////////////////
Observation 1: Key difference between Solution Directions A and B is whether additional indication (outside Uu paging message) is needed to inform RAN’s support of paging cause feature. 
Observation 2: This is certainly related to the request from SA2 LS [2] that the MUSIM UE should be able to discriminate being paged for non-voice from supporting RAN and being paged for any service by non-supporting RAN. 
Observation 3: The purpose of this SA2’s request is because the MUSIM UE behaviour could be different (and thus should not be confused what to do):
· In case RAN does not support paging cause and a MUSIM UE receives a Uu paging message (without any paging cause), it is expected to respond to the paging as usual. 
· In case RAN supports paging cause and a MUSIM UE receives a Uu paging message other than “voice” cause, it may not need to respond to the paging, as the paging is not urgent. 
Observation 4: However, in case RAN supports paging cause and a MUSIM UE receives a Uu paging message of “voice” cause, it is expected to respond to the paging. 
Observation 5: Additional indication does not provide clear separation of the expected UE behaviors. The MUSIM UE anyway has to decode the received Uu paging message to see whether it needs to respond to the paging or not:
· For the case that RAN does not support paging cause, a MUSIM UE anyway has to look for its paging ID in the received Uu paging message whether it is paged or not. 
· For the case that RAN supports paging cause, a MUSIM UE anyway has to check whether it is paged and if so, whether paged for “voice” cause or not. 
Observation 6: Given anyway a MUSIM UE needs to decode the received Uu paging message and see/decide what to do, additional indication outside Uu paging message seems over engineering.
///////////////////////////////////////////////////////// Observations for Proposals 2 and 3 //////////////////////////////////////////////////////////
Observation 7: Regarding solution, if RAN supports paging cause, Uu Paging message must be extended to support MUSIM UEs (i.e. impossible to re-use the legacy Paging PDU as it is).
Observation 8: In terms of solution details, there are two approaches in general:
1) Extend the extensible legacy PagingRecord IE (while re-using the legacy paging record list)
2) Use the non-critical extension of Paging PDU
Observation 9: Extending the legacy PagingRecord IE is expensive, taking up precious spaces of Uu paging message just for handling extension header details.
Observation 10: The nonCriticalExtension is already handled by the dedicated 1-bit preamble, thus no additional and expensive extension header is required. 
Observation 11: Moreover, another advantage of using nonCriticalExtension is that MUSIM UEs can immediately know the support of paging cause feature from RAN by checking the existence of this nonCriticalExtension field (1-bit preamble), without searching through the legacy paging record list.
Observation 12: Among the proposed solutions (summarized in [1][3]) using nonCriticalExtension, introducing a new paging record list dedicated for MUSIM UEs paged with “voice” cause incurs least addition in terms of paging message size, which does not depend on # of MUSIM UEs to be paged. 
Observation 13: Moreover, this solution simplifies NW handling for S1/N2 paging with “voice” cause only. RAN does not have to check whether a UE to be paged is capable of MUSIM or not.
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: RAN2 to agree that MUSIM UE discriminates whether it is paged from RAN supporting paging cause feature or not, by just receiving Uu paging message (i.e. no additional indication is needed outside Uu paging message to inform RAN’s support of paging cause feature or not).
Proposal 2: Do not extend the legacy PagingRecord IE for paging cause.
Proposal 3: Introduce the new paging record list dedicated for MUSIM UEs paged with “voice” cause.
The proposed changes to TS 36.331 [5] and 38.331 [6] can be found in Annex A and Annex B, respectively.
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Annex A
An example change for TS 36.331 [5] can be as follows:
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
[bookmark: _Toc20487181][bookmark: _Toc29342476][bookmark: _Toc29343615][bookmark: _Toc36566875][bookmark: _Toc36810308][bookmark: _Toc36846672][bookmark: _Toc36939325][bookmark: _Toc37082305][bookmark: _Toc46480937][bookmark: _Toc46482171][bookmark: _Toc46483405][bookmark: _Toc60863774]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: 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 {
	voicePagingRecordList-v1700		VoicePagingRecordList-v1700			OPTIONAL, 	-- Need ON
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

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

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

VoicePagingRecordList-v1700 ::=		SEQUENCE (SIZE (1..maxPageRec)) OF VoicePagingRecord-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
}

VoicePagingRecord-v1700 ::=			SEQUENCE {
	ue-Identity							PagingUE-Identity,
	cn-Domain							ENUMERATED {ps, cs},
	accessType-r16						ENUMERATED {non3GPP}			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

Annex B
An example change for TS 38.331 [6] can be as follows:
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
6.2.2	Message definitions
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
[bookmark: _Toc60777104][bookmark: _Toc60867885]–	Paging
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
}

[bookmark: _Hlk71398899]Paging-v1700-IEs ::=				SEQUENCE {
	voicePagingRecordList-v1700			VoicePagingRecordList-v1700		OPTIONAL,	--Need N
	nonCriticalExtension				SEQUENCE {}						OPTIONAL
}

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

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

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

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

-- TAG-PAGING-STOP
-- ASN1STOP
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