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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to the RAN WID of MUSIM, one of the objectives is following:
	3) Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR [RAN2].
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx


In RAN2#113bis meeting, RAN2 received an Ls from SA2, in which a question is raised about how the UE discriminates the below cases [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.  


During RAN2#113bis meeting, RAN2 has made the below related agreements.
	· 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).


In the last SA2 meeting, paging cause indication for voice feature has been captured in the SA2 specification. This contribution continues to discuss the potential RAN2 impact.
2. Discussion
According to the below text in TS 23.502 [2], the UE will be informed about whether its serving CN support paging cause indication feature via NAS signaling for 5GS. 
	[bookmark: _Toc20203931][bookmark: _Toc27894616][bookmark: _Toc36191683][bookmark: _Toc45192769][bookmark: _Toc47592401][bookmark: _Toc51834482][bookmark: _Toc75411235]4.2.2.2.2	General Registration
<Omit…>
21.	New AMF to UE: Registration Accept (5G-GUTI, Registration Area, [Mobility restrictions], [PDU Session status], [Allowed NSSAI], <Omit…>, [PLMN-assigned UE Radio Capability ID deletion], [WUS Assistance Information], [Truncated 5G-S-TMSI Configuration], [Connection Release Supported], [Paging Cause Supported], [Paging Restriction Supported], [Reject Paging Supported]).
<Omit…>


The same is true for EPS, as shown in the below text quoted from TS 23.401 [3].
	[bookmark: _Toc19171940][bookmark: _Toc27844231][bookmark: _Toc36134389][bookmark: _Toc45176072][bookmark: _Toc51762102][bookmark: _Toc51762587][bookmark: _Toc51763070][bookmark: _Toc75348568]5.3.2	Attach procedure
[bookmark: _Toc19171941][bookmark: _Toc27844232][bookmark: _Toc36134390][bookmark: _Toc45176073][bookmark: _Toc51762103][bookmark: _Toc51762588][bookmark: _Toc51763071][bookmark: _Toc75348569]5.3.2.1	E-UTRAN Initial Attach
<Omit…>
The new MME sends an Attach Accept (GUTI, TAI List, Session Management Request (APN, PDN Type, PDN Address, EPS Bearer Identity, Protocol Configuration Options, Header Compression Configuration, Control Plane Only Indicator, Connection Release Supported, Paging Cause Supported, Reject Paging Request Supported, Paging Restriction Supported, Paging timing collision control Supported), NAS sequence number, …
<Omit…>


With this core network support indication, the question now becomes how the multi-USIM (MUSIM) UE knows it is paged for non-voice or it is being paged for any service by a RAN node not supporting paging cause feature. Table 1 shows the multiple ASN.1 paging message extension solutions proposed by the companies for supporting paging cause feature. For all these solutions, through the absence of the introduced (parent) IE (that are, pagingCauseRecordNumber / voiceRecordNumber / pagingRecordList2-r17 / VoicePagingRecordList-r17 / PagingRecordList-v17xy, respectively), one MUSIM UE will know it is paged for any service by a RAN not supporting paging cause feature.   
Table 1: paging message extension solutions for supporting paging cause
	Solution
	Description
	For voice or non-voice?

	Solution 1: 
Paging message includes the number of paging records for MUSIM UEs [4]
	Network always puts the paging records with paging cause at the very first/last part of the pagingRecordList. And a new optional IE (e.g., pagingCauseRecordNumber) occupied 6 bits (for the range of 0~32) is introduced to indicate the number of the paging records having paging cause. 
	If this IE is present while the pagingCause IE of its own is absent, the UE will know it is paged for non-voice.

	Solution 2: 
Paging message includes the number of paging records having voice cause value 
	Network always puts the paging records with voice cause value at the very first/last part of the pagingRecordList. And a new optional IE (e.g., voiceRecordNumber) with 6 bits (for the range of 0~32) is introduced to indicate the number of the paging records having voice cause. 
	If this IE is present while it does not find it’s record in this first/last part of the pagingRecordList, the UE will know it is paged for non-vioce.

	Solution 3: 
Paging message includes a separate paging record list for MUSIM UEs [5]
	Network puts the paging records of MUSIM UEs in a new defined separate paging record list (e.g., pagingRecordList2-r17). The paging cause of each MUSIM UE can be deduced by the ASN.1 code of pagingCause IE in each corresponding paging record. 
	If this IE is present while the pagingCause IE of its own is absent, the UE will know it is paged for non-vioce.

	Solution 4: 
Paging message includes a separate paging record list for UEs paged for voice [6]
	Network puts the paging records of MUSIM UEs with voice cause in a new defined separate paging record list (e.g., VoicePagingRecordList-r17). 
	If this IE is present while it finds it’s paging record in the legacy PagingRecordList, the UE will know it is paged for non-vioce.

	Solution 5: 
Paging message includes a parallel paging record list for paging cause indication [7]

	Network puts the paging causes in a new defined parallel paging record list (e.g., PagingRecordList-v17xy), which includes the same number of entries, and listed in the same order, as in legacy pagingRecordList. 
	If this IE is present while the pagingCause IE of its own is absent, the UE will know it is paged for non-vioce.


For each solution, the third column of Table 1 shows how the UE determines it is paged for voice or non-voice in case the network (CN and RAN) supports the paging cause feature. From it, we can observe that one codepoint of pagingCause IE is enough for all the above solutions, except for solution 2 and 4 which do not need to introduce pagingCause. 
Observation 1: If pagingCause IE is introduced, one codepoint for voice is enough. 
By putting the paging records with voice service in the very first/last part of the pagingRecordList or the new separate paging record list, solution 2/4 can have the minimum signaling overhead given that the introduction of pagingCause IE can be avoided. However, such solution restricts the way of extensions in the future. For example, if a new feature is introduced in the later release, the sort-based solution (referred to solution 1/2/4) and the group-based solution (referred to solution 3/4) may not be considered any more or even introduce more complexity, because it is difficult to put one UE supporting both paging cause feature and the new feature in one proper position. Solutions 1/3/5 have a very similar signaling overhead performance where solutions 1/3 have the same obstacle as solution 2/4 with regard to the restriction on future extension. Based on the previous email discussion, the signaling overhead aspect seems not to be so critical. Considering the parallel list extension method has been adopted in LTE and its advantages of simplicity and readability, solution 5 is preferred to us. Thus, we propose the following:
Proposal 1： one codepoint for voice is defined for pagingCause IE. 
Proposal 2： a parallel paging record list (PagingRecordList-v17xy) for paging cause is introduced. UE knows it is paged for any service if this list is absent in paging message, otherwise, paged for non-voice if its pagingCause is absent.
With this design, a MUSIM UE understands the service from the network as following
· If CN includes Paging Cause Supported indication in NAS message:
· If paging cause is “Voice”, the incoming MT call is voice service (VoLTE or VoNR)
· If the parallel paging record list is absent, the incoming MT call is any service;
· If the parallel paging record list is present while the UE’s paging cause is “absent”, the incoming MT call is non-voice.
· If CN doesn’t include Paging Cause Supported indication in NAS message:
· the incoming MT call is any service


3. Conclusion
According to the LS from SA2 and the enhancements already proposed in RAN2 for paging cause, we have the following observations:
Observation 1: If pagingCause IE is introduced, one codepoint for voice is enough. 
Based on the observations, we have the following proposals:
Proposal 1： one codepoint for voice is defined for pagingCause IE. 
Proposal 2： a parallel paging record list (PagingRecordList-v17xy) for paging cause is introduced. UE knows it is paged for any service if this list is absent in paging message, otherwise, paged for non-voice if its pagingCause is absent.
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