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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to the RAN WID of MUSIM [1], 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 the last SA2 meeting, one LS about SA2 progress on paging cause was sent to RAN2. This contribution discusses the potential impact on RAN2 and provides the suggested RAN2 preference.
2. Discussion
2.1. SA2 progress
[bookmark: OLE_LINK2]The latest conclusion in SA2 [1] is quoted as follows: 
	The following conclusions are agreed for the baseline functionality:
-	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).
Editor's note:	Final conclusion depends on further feedback from RAN WG2, RAN WG3 and SA WG3.


In addition, an SA2 LS[2] was sent to RAN2 which said: 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. 

According to the above conclusion highlighted in yellow and LS, we can observe：

Observation 1: [bookmark: OLE_LINK4]the requirement from SA2 is a UE in MUSIM mode should has enough information to discriminate the following three cases if it is paged: 
· Case1: for voice 
· Case2: for non-voice
· Case3: for voice or non-voice service, i.e. its serving CN or eNB/gNB does not support the Paging Cause feature
2.2.  Analysis
In the previous RAN2 meeting, some enhancements on paging message have been proposed to include the pagingCause[3~6](details can be found in Annex), which have the following common characteristics:
· Only one value for pagingCause(i.e. voice) is assumed, if the pagingCause present, UE is paged for voice. Otherwise, UE is paged for non-voice
· An optional IE for MUSIM(e.g. voiceNumber[3] or parallel list[4~6]) is introduced, the IE is present when at least one UE in MUSIM mode is paged

In a network where RAN sharing is not applied, the above SA2 requirement can be satisfied with any of the enhancements proposed [3~6] as follows. When a UE in MUSIM mode is paged：
· [bookmark: OLE_LINK3]If the optional IE for MUSIM (e.g. voiceNumber[3] or parallel list[4~6]) is not included in the paging message => the UE can deduce it is paged for voice or non-voice service, i.e. its serving CN or eNB/gNB does not support the paging cause feature
· else if there is pagingCause IE for it included in the paging message => the UE can deduce it is paged for voice 
· else if there is not pagingCause IE for it included in the paging message => the UE can deduce it is paged for non-voice

Observation 2: the above SA2 requirement can be satisfied by the enhancements on paging message to include the pagingCause which already proposed in RAN2 if RAN sharing is not applied.  

Things are different in RAN sharing cases, let’s look at the following example. UE1 and UE2 are camping in the same cell and both in MUSIM mode. The serving cell and UE1’s AMF support paging cause feature, while UE2’s AMF doesn’t. Assuming UE1 and UE2 are paged at the same time in NG interface, AMF1 informs gNB that UE1 is paged for non-voice and no pagingCause for UE2 is informed to gNB. As a result, the gNB put the pagingRecodes of UE1 and UE2 in the same paging message. 
With either enhancement already proposed in RAN2, neither UE1 nor UE2 will find the pagingCause present in the paging message. How can they find UE1 is paging for non-voice and UE2 is paged with unknown (voice or non-voice) service?
Observation 3: the above SA2 requirement cannot be satisfied by either enhancement already proposed in RAN2 if RAN sharing is applied.  

To handle the issue highlighted in green, there are three solutions.
Solution1: UE is informed about whether its serving CN support paging feature via NAS
With this solution, UE is informed its serving CN capability e.g. in the response to UE’s reporting including in MUSIM mode indication or during TAU procedure.
Solution2: UE is informed about whether its serving CN support paging feature via RRC
With this solution, the camping cell can broadcast per PLMN capability information about paging cause feature. 
Solution3: define two values for pagingCause: voice and non-voice
With this solution, a UE in MUSIM mode can deduce the network doesn’t support paging cause feature if it is paged without pagingCause present in the paging message.

It seems natural to use NAS message to deliver CN capability information to UE and we find no shortcomings about solution1. Solution2 leads to some overhead in system information in every cell, and solution3 is not aligned with the SA2 conclusion that only a single value for paging cause is introduced. 
Hence, we propose RAN2 prefers solution 1 and send an LS to SA2 to inform RAN2’s preference. 

Proposal 1： The solution CN informs UE in MUSIM mode whether it supports paging feature via NAS is preferred in RAN2.
Proposal 2： A LS is sent to SA2 to inform RAN2’s preference. 
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: the requirement from SA2 is a UE in MUSIM mode should has enough information to discriminate the following three cases if it is paged: 
· Case1: for voice 
· [bookmark: _GoBack]Case2: for non-voice
· Case3: for voice or non-voice service, i.e. its serving CN or eNB/gNB does not support the Paging Cause feature
Observation 2: the above SA2 requirement can be satisfied by the enhancements on paging message to include the pagingCause which already proposed in RAN2 if RAN sharing is not applied.  
Observation 3: the above SA2 requirement cannot be satisfied by either enhancement already proposed in RAN2 if RAN sharing is applied.  

Based on the observations, we have the following proposals:
Proposal 1： The solution CN informs UE in MUSIM mode whether it supports paging feature via NAS is preferred in RAN2.
Proposal 2： A LS is sent to SA2 to inform RAN2’s preference. 
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5. Annex
Solution1：including the number of UEs paged for voice in paging message[3]
As only one paging cause is defined, the network can only transfer the number of the paging records with paging cause to UE, if the network always puts the paging records with paging cause at the very first/last part of the pagingRecordList. For example, at most 32 records can be included in pagingRecordList for NR, 5 bits is enough to indicate UE that how many paging records in the very first/last of the pagingRecordList have the paging cause. One example can be found in Figure 1:
[image: C:\Users\ADMINI~1.VIV\AppData\Local\Temp\ksohtml14184\wps1.png]
Figure 1 Example of indicating the number of PagingRecords including paging cause
The solution is very simple and introduces very low overhead, only 5 bit for NR. 
Solution2：including a separate list of paging records for MUSIM UEs in paging message[4]
It is proposed to define a new separate list(i.e. PagingRecordList2-r17 in Figure2) including the complete paging records for only MUSIM UEs to indicate whether they are paged for voice-service, details for NR paging message can be seen in the ASN.1 example below.
[image: ]
Figure 2 Example of including a separate list of paging records for MUSIM UEs
Solution3：adding paging cause to paging records for MUSIM UEs by a parallel list in paging message[5,6]
It is proposed to define a new separate list(i.e. PagingRecordList2-v17xy in Figure3) including the added paging cause for UEs to indicate whether they are paged for voice-service, details for NR paging message can be seen in the ASN.1 example below.
[image: ]
Figure 3 Example of including a separate list of pagingCause for UEs
If gNB includes PagingRecordList2-v17xy, it includes the same number of entries, and listed in the same order, as in pagingRecordList (i.e. without suffix). Since the pagingCause IE is only present for MultiSIM UEs paged for voice service, the additional bits of the pagingCause are expected to incur neglectable impacts to the RRC Paging message, both regarding the message size and the possible coverage shrinking.
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