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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN2 meeting, the paging cause issue raised by SA2 LS was discussed and initial down-selection for candidate solutions was performed. The agreements are following:
	· 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 paper, we analyze the candidate solutions for paging cause on the table and provide our preference on the solutions. 
2. Discussion
2.1. Solution Directions
In the email discussion during the last RAN2 meeting [1], the candidate solutions for paging cause were grouped into 3 directions, i.e. direction A/B/C. And the direction C was ruled out during the following online discussion. The remaining directions on the table are following:
Table 1  Solution Directions and Their Comparison
	Solution Direction
	Description
	Expected Impacts or Inputs

	Solution Direction A
	- require at least one MUSIM paging cause value for each MUSIM UE in Uu paging message 
- legacy paging ID can be re-used as it is. 
- UE can discriminate whether it is paged from RAN supporting paging cause feature or not, by just receiving Uu paging message
	- LTE/NR RRC Uu paging message

	Solution Direction B
	- may not require MUSIM paging cause value for each MUSIM UE in Uu paging message (but may need additional information over Uu paging message to indicate paging cause “voice” for a MUSIM UE)
- legacy paging ID can be re-used as it is. 
- UE cannot discriminate whether it is paged from RAN supporting paging cause feature or not, by just receiving Uu paging message. Additional signalling is required (e.g. via SIB, paging DCI, NAS, etc.)
	- LTE/NR RRC Uu paging message
- additional signalling (e.g. via SIB, paging DCI, NAS, etc.)




According to the email discussion [1], the main benefits of each direction are listed as following: 
Table 2 Benefits of Each Direction
	Benefits of Direction A
	Benefits of Direction B

	· it is simple and straightforward
· it requires no work from other working groups, e.g. SA2 and RAN1
	· Direction B requires less work in RAN2 if SA2 further agree on having “paging cause enable indicator” over NAS
· Only 1 value for paging cause needs to be introduced, while direction A may require to introduce 2 values for paging cause. Hence, direction B leads to less overhead.


We prefer Direction A for the following reasons:
· Direction B involves more specification work in other working groups, hence more effort may be needed to specify Direction B than Direction A. 
· The potential extra overhead of Direction A is not a serious issue due to it only contributes to a small part of the size of the paging message. 
· According to the email discussion [1], there is a clear majority on Direction A: 14 companies supported direction A with 4 among them were open to direction B, 4 companies supported Direction B with 2 among them were open to direction A. 
Hence, we propose:
Proposal 1： [bookmark: _Ref71385630]MUSIM UE should be able to discriminate whether it is paged from network supporting paging cause feature or not, by just receiving Uu paging message, i.e., Direction A is preferred.
2.2. Solutions in Direction A
There are several solutions on the table belonging to Direction A, with different extension methods and different number of paging cause values. Details are as follows:
· Solution 1: Extend a parallel list including paging cause indications in the paging message
In this solution, a parallel list is introduced in the paging message. Each entry in the list includes an optional IE “pagingCause” for the corresponding UE in the same order as in the existing pagingRecordList.  There are two varieties, with one or two paging cause values defined respectively.
· Solution1.1: Two values defined for pagingCause[2~6]
In this sub-solution, the parallel list has the same number of entries as the pagingRecordList in the same paging message. And the pagingCause IE has two values, i.e. voice and non-voice. By not receiving the IE, one MUSIM UE knows that the network does not support Paging Cause Feature and it is paged for any service. Otherwise, the UE will obtain the type of incoming service via the received pagingCause IE. 
· Solution1.2: one value defined for pagingCause
In this sub-solution, the number of entries in the parallel list is smaller or equal to the number of entries in the pagingRecordList in the same paging message. And the pagingCause IE has only one value, i.e. voice. The network always puts the paging records with paging cause indications at the very first part of the pagingRecordList. If one paged MUSIM UE fails to find its entry in the parallel list (i.e. its paging ID is in the Nth entry of pagingRecordList, but the number of entries in the parallel list is smaller than N), it knows that the network does not support Paging Cause Feature and it is paged for any service. Otherwise, if the pagingCause IE is present, the UE is paged for voice; if the pagingCause IE is not present, the UE is paged for non-voice. 
Details of Solution 1 can be found in the following ASN.1 example of NR paging message.
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList                       OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                           OPTIONAL,
    nonCriticalExtension                Paging-v17xy-IEs                       OPTIONAL
}
 
Paging-v17xy-IEs ::=			     SEQUENCE {
	pagingRecordList-v17xy		     PagingRecordList-v17xy				OPTIONAL,	-- Need N
	nonCriticalExtension		     SEQUENCE {}						OPTIONAL
}

PagingRecordList ::=              	 SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
 
PagingRecordList-v17xy ::=		 SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-v17xy
 
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}

PagingRecord-v17xy ::=		       SEQUENCE {
	pagingCause-r17		ENUMERATED {voice, non-voice}			OPTIONAL		-- Need N   //FFS: Whether non-voice is needed
}

PagingUE-Identity ::=               CHOICE {
    ng-5G-S-TMSI                        NG-5G-S-TMSI,
    fullI-RNTI                          I-RNTI-Value,
    ...
}
Figure 1 Example of including a parallel list of pagingCause for paged MUSIM UEs
· Solution 2: introduce new separate list(s) for UEs with paging cause indication in the paging message
In this solution, one or more extra paging record list is introduced in the paging message. For one UE, its paging record is included in either the new separate list(s) or the legacy pagingRecordList. If one UE is paged via the legacy pagingRecordList, this indicates that the network does not support Paging Cause Feature and the UE is being paged for any service. If one UE is paged via one of the new paging record list(s), the UE can further deduce its exact paging cause, i.e. voice or non-voice. There are two varieties, with one or two paging cause values defined respectively.
· Solution 2.1: two values defined for pagingCause[7]
In this sub-solution, no explicit pagingCause IE is introduced in the paging message. Instead, one or more paging record list, each associated with one paging cause, is signaled in the paging message. One UE deduces its paging cause based on which paging record list including its paging ID. One example, with two extra paging record lists for voice and non-voice respectively, can be found in Figure 2:
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList               OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                   OPTIONAL,
    nonCriticalExtension                SEQUENCE{Paging-v17xy-IEs}     OPTIONAL
}
 
Paging-v17xy-IEs ::=                SEQUENCE {
voicePagingRecordList-r17          VoicePagingRecordList-r17     OPTIONAL, -- Need N
nonVoicePagingRecordList-r17       NonVoicePagingRecordList-r17     OPTIONAL, -- Need N
    nonCriticalExtension               SEQUENCE{}                OPTIONAL
}
 
PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
 
VoicePagingRecordList-r17  	::=      SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
NonVoicePagingRecordList-r17  ::=      SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord

PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}
Figure 2 Example of including paging cause specific paging record lists for MUSIM UEs
In this example, one UE deduces its paging cause as follows:
· If a UE is paged via voicePagingRecordList-r17, this indicates the UE is paged for voice;
· If a UE is paged via nonVoicePagingRecordList-r17, this indicates that the UE is paged for non-voice;
· If a UE is paged via the legacy PagingRecordList, this indicates that the UE is paged for any service. 
· Solution 2.2: one values defined for pagingCause[8]
In this sub-solution, it is proposed to define a new separate list (i.e. PagingRecordList2-r17 in Figure 3) to contain the pagingRecord-r17 for MUSIM UEs. And the pagingRecord-r17 also contains a “pagingCause” IE to indicate the paging cause of each paged MUSIM UE, details for NR paging message can be seen in the ASN.1 example below.
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList               OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                   OPTIONAL,
    nonCriticalExtension                SEQUENCE{Paging-v17xy-IEs}     OPTIONAL
}
Paging-v17xy-IEs ::=                SEQUENCE {
    pagingRecordList2-r17             PagingRecordList2-r17     OPTIONAL, -- Need N
    nonCriticalExtension               SEQUENCE{}                OPTIONAL
}
PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
PagingRecordList2-r17  ::=         SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-r17
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}
PagingRecord-r17 ::=                SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    paginingCause-r17                   ENUMERATED  {voice}     OPTIONAL -- Need S
}
Figure 3 Example of including a separate list of paging records with PagingCause for MUSIM UEs
In this example, if a MUSIM UE finds its paging ID in legacy pagingRecordList, it knows the network does not support paging causes. In the case a MUSIM UE finds its paging ID in the new pagingRecordList for MUSIM UE (i.e. pagingRecordList2-r17), if the pagingCause IE is present, UE is paged for voice; otherwise, UE is paged for non-voice. 
2.3. Comparison between Different Extension Solutions
Among the extension solutions listed in section 2.2, parallel list-based solution (Solution1) is already applied in LTE paging message. It is future-proof as more parallel lists can be introduced when new IEs need to be added in the PagingRecord in the following Release easily. While separate list-based solution (Solution2) is not easy for a future extension as it requires to double the number of paging record lists every time a new IE is introduced. Take Figure 3 as an example, if a newIE needs to be added in PagingRecord in Rel-18, we need to introduce two new separate paging record lists, respectively for non-MUSIM UE supporting newIE and for MUSIM UE supporting newIE, i.e. the number of paging record lists will grow exponentially.
Observation 1: To introduce a new IE in PagingRecord, parallel list-based extension solution requires introducing one more parallel list, while separate list-based extension solution requires to double the number of existing paging record lists.
Hence, we propose:
Proposal 2： [bookmark: _Ref71385633]A parallel list is introduced in paging message for both NR and LTE. Each entry in the parallel list includes an optional pagingCause IE for the corresponding UE in the same order as in the existing pagingRecordList.
2.4. Number of Cause Values
[bookmark: _GoBack]In section 2.2, there are two sub-solution belongs to parallel list-based extension solution, i.e. two values pagingCause solution (i.e. solution 1.1) and one value pagingCause solution (i.e. solution 1.2). In our understanding, both solutions can work well, but one value pagingCause solution leads to less paging overhead and is more aligned with SA2’s conclusion. 
Observation 2: Both one or two cause value solutions can work well, but one cause value solution leads to less paging overhead and is more aligned with SA2’s conclusion.
Hence, we propose:
Proposal 3： [bookmark: _Ref71385062]The number of entries in the parallel list is less or equal to the number of entries in the existing PagingRecordList.  A paged MUSIM UE determines it is paged for any service if there is no entry in the parallel list for it.
Proposal 4： [bookmark: _Ref71385636]The optional pagingCause IE has only one value defined, i.e. voice. 
Proposal 5： [bookmark: _Ref71385637]Upon reception of its entry in the parallel list, a paged MUSIM UE determines that it is paged for voice if the pagingCause IE is present; it determines that it is paged for non-voice if the pagingCause IE is not present.
2.5. UE behavior upon the reception of paging cause
It was agreed in SA2 that if Multi-USIM device received paging by Network-A in RRC_Idle mode and the device decides not to accept the paging, a UE supporting NAS BUSY indication attempts to send a BUSY Indication via the SERVICE REQUEST message to network unless it is unable to do so e.g. due to UE implementation constraints. However, it is still not clear which layer is responsible to decide whether to accept an incoming CN paging or not. According to the current specification, RRC does nothing except submitting the information received in the paging message to NAS for CN paging. Hence, it is better to follow the existing RRC behavior and let the upper layer to decide whether to accept the CN paging. This could apply to both NR and LTE.
Proposal 6： [bookmark: _Ref71385638]Upon the reception of CN paging, the upper layer should be able to decide whether to accept the paging. This could apply to both NR and LTE.
If Proposal 6 is agreed, it is natural for RRC to inform the upper layer about the received paging cause to assist the upper layer to decide whether to accept the incoming paging.
Proposal 7： [bookmark: _Ref71385639]To assist the upper layer to decide whether to accept incoming paging, RRC informs NAS about the paging cause, if available, upon the reception of CN paging.
How to handle the paging cause received in RAN paging message in RRC layer can be discussed later, after whether NAS based busy indication can be used as response to RAN paging is decided.
3. Conclusion
In the paper, we analysed the candidate solutions for paging cause on the table and the proposals are following:
Observation 1: To introduce a new IE in PagingRecord, parallel list-based extension solution requires introducing one more parallel list, while separate list-based extension solution requires to double the number of existing paging record lists.
Observation 2: Both one or two cause value solutions can work well, but one cause value solution leads to less paging overhead and is more aligned with SA2’s conclusion.
And
Proposal 1： MUSIM UE should be able to discriminate whether it is paged from network supporting paging cause feature or not, by just receiving Uu paging message, i.e., Direction A is preferred.
Proposal 2： A parallel list is introduced in paging message for both NR and LTE. Each entry in the parallel list includes an optional pagingCause IE for the corresponding UE in the same order as in the existing pagingRecordList.
Proposal 3： The number of entries in the parallel list is less or equal to the number of entries in the existing PagingRecordList.  A paged MUSIM UE determines it is paged for any service if there is no entry in the parallel list for it.
Proposal 4： The optional pagingCause IE has only one value defined, i.e. voice. 
Proposal 5： Upon reception of its entry in the parallel list, a paged MUSIM UE determines that it is paged for voice if the pagingCause IE is present; it determines that it is paged for non-voice if the pagingCause IE is not present.
Proposal 6： Upon the reception of CN paging, the upper layer should be able to decide whether to accept the paging. This could apply to both NR and LTE.
Proposal 7： To assist the upper layer to decide whether to accept incoming paging, RRC informs NAS about the paging cause, if available, upon the reception of CN paging.

4. References
[1] R2-2104331 Summary of [AT113bis-e][230][MUSIM] Reply LS to SA2 on paging cause (Intel)
[2] R2-2103758, Introduction of a Paging cause indication	Ericsson	discussion
[3] R2-2104158, Paging with service indication	MediaTek Inc.	
[4] R2-2103226, Paging Cause and Busy Indication 	Qualcomm Incorporated	
[5] R2-2103195, Support for Multi-SIM paging cause from SA2 LS	Intel Corporation	
[6] R2-2103304, Introduction of paging cause	China Telecommunications	
[7] R2-2103958, Discussion on paging service indication for MUSIM	Futurewei Technologies	
[8] R2-2102913, Discussion on support of paging cause for multi-USIM devices	Samsung Electronics Co., Ltd	

