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1. Introduction

The objective 3 of the WID for Multi-SIM devices [1] addresses:

	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


This objective is fully aligned with Key Issue 1 described in 3GPP TR 23.761 [2]. In SA2 #143-e meeting, SA2 made interim conclusions on Key Issue 1 of which relevant conclusions are listed below [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).
Editor's note:
Final conclusion depends on further feedback from RAN WG2, RAN WG3 and SA WG3.


So, for the paging with service indication, there are two issues that need to be addressed from RAN2 perspective.

·    Issue 1: How to indicate the paging cause in the Uu paging message.

·    Issue 2: How to enable the UE 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.
In the summary for paging with service indication [8], the solutions for Issue 1 and Issue 2 are listed separately. In our observation, these two issues are somehow coupled. In this contribution, we will take the solutions for Issue 1 from [8] as the basis to check whether each solution can address the Issue 2 standalone or need to be combined with other enhancements and give a comparison for all the possible solutions that can address both Issue 1 and Issue 2.
2. Discussion

Section 2.2 in [8] described several solutions to address the Issue 1. In the last RAN2 meeting, it was agreed that “RAN2 does not intend to introduce alternative paging IDs for MUSIM paging (unless requested by SA2).” So solution 5 in [8] can be excluded for now. We analyse the other solutions.

· Solution 1: Including the number of UEs paged for voice in paging message.

·  In this solution, only one paging cause value indicating voice is defined and RAN indicates the number of the paging records with paging cause in the paging message. This solution requires that the RAN always places the paging records with paging cause at the very first or last part of the pagingRecordList. Following is the ASN.1 example of this solution for NR paging. 
	Paging ::=                          SEQUENCE {

    pagingRecordList                    PagingRecordList                   OPTIONAL, -- Need N

    lateNonCriticalExtension            OCTET STRING                       OPTIONAL,

    nonCriticalExtension                SEQUENCE {Paging-v17xy-IEs}        OPTIONAL
}

Paging-v17xy-IEs ::=                SEQUENCE {

    numOfPagingCause                    INTEGER {1..maxNrofPageRec}
}
PagingRecordList ::=              
 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,

    ...

}


·  To support this solution, it only requires to have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging. 
· If both RRC_IDLE UE and RRC_INACTIVE UE are paged in the same paging message, this solution cannot address Issue 2 in the following scenarios:

· If “Paging-v17xy” is not included, RRC_INACTIVE UE may misinterpret the paging as for non-voice service as it does not know if RAN supports the paging cause for voice or not.

· If “Paging-v17xy” is included, RRC_IDLE UE may misinterpret the paging as for non-voice service as it does not know if CN supports the paging cause for voice or not.

· Both RAN indication and CN indication on supporting paging cause are required to address the above scenarios. 

· Solution 2: Including a separate list of PagingRecords for MUSIM UEs paged for voice in paging message.

·  In this solution, new PagingRecordList for PagingCause is signaled in the Paging message. Following is the ASN.1 example of this solution for NR paging. In this example, if a UE that operates in MUSIM mode is paged via the VoicePagingRecordList-r17, this indicates that the UE is being paged for voice. If a UE that operates in MUSIM mode is paged via the legacy PagingRecordList this indicates that the UE is being paged for a cause other than voice. 
	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
    nonCriticalExtension               SEQUENCE{}                OPTIONAL
}
 
PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
 
VoicePagingRecordList-r17  ::=      SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
 
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}


·  To support this solution, it only requires to have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging.

·  If both RRC_IDLE UE and RRC_INACTIVE UE are paged in the same paging message, this solution cannot address Issue 2 in the following scenarios:

· If “Paging-v17xy” is not included, RRC_INACTIVE UE may misinterpret the paging as for non-voice service as it does not know if RAN supports the paging cause for voice or not.

· If “Paging-v17xy” is included but “pagingCause” IE is not present, RRC_IDLE UE may misinterpret the paging as for non-voice service as it does not know if CN supports the paging cause for voice or not.

· Both RAN indication and CN indication on supporting paging cause are required to address the above scenarios.
· Solution 3: including a separate list of pagingRecords for MUSIM UEs in paging message.
·  In this solution, a new separate list including the complete pagingRecords for only MUSIM UEs to indicate whether they are paged for voice service are defined. Following is the ASN.1 example of this solution for NR paging. 
	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
}


·  For a RAN node supporting paging cause, when it receives the CN paging message from AMF or the RAN paging message from anchor RAN node, it needs to be informed whether the paging is for MUSIM UE or not in order to decide whether the UE should be paged via the legacy PagingRecord or via the new PagingRecord. This means that only having one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging is not enough. Additional changes to RAN3 specifications are needed.

·  This solution cannot address Issue 2 for the following scenario:

· If “PagingRecordList2-r17” is included but “pagingCause-r17” is not present, RRC_IDLE UE may misinterpret the paging as for non-voice service as it does not know if CN supports paging cause for voice or not.
· CN indication on supporting paging cause is required to address the above scenario.
·   Solution 4: including a parallel list of pagingCause in paging message and only one paging cause value indicating voice is defined
·      In this solution, a new parallel list including the pagingCause for MUSIM UEs to indicate whether they are paged for voice service is defined. Following is the ASN.1 example of this solution for NR paging.

	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}


OPTIONAL

-- Need N
}
PagingUE-Identity ::=               CHOICE {

    ng-5G-S-TMSI                        NG-5G-S-TMSI,

    fullI-RNTI                          I-RNTI-Value,

    ...

}


·      To support this solution, it only requires to have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging.
·     Similar as the solution 3, solution 4 cannot address Issue 2 and requires CN indication on supporting paging cause for MUSIM UE
·   Solution 4a: including a parallel list of pagingCause in paging message and two paging cause values indicating voice and other are defined

·      In this solution, a new parallel list including the pagingCause for MUSIM UEs to indicate whether they are paged for voice service or other is defined. Following is the ASN.1 example of this solution for NR paging. 
	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,other}

OPTIONAL

-- Need N
}
PagingUE-Identity ::=               CHOICE {

    ng-5G-S-TMSI                        NG-5G-S-TMSI,

    fullI-RNTI                          I-RNTI-Value,

    ...

}


·     To support this solution, it requires to have two paging cause values indicating voice and other in S1/N2 for CN paging and in Xn for RAN paging.
·      This solution can address Issue 2 without any additional signalling. 
We also calculate the paging message size with 32 paging records for the above solutions and compare with the paging message size for the baseline (i.e., no paging cause specified). The baseline ASN.1 code is listed below:


The baseline paging message size for 32 paging records is 210 bytes. 

A comparison of the solutions is given in Table 1.
Table 1: Comparison of different solutions to add paging cause

	Solution
	Paging message size
	Impact on RAN3
	Need of additional enhancements?

	Solution 1
	210 bytes
	have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging
	Yes.

1)  RAN node to indicate the support of paging cause for each PLMN via SIB;
2)  CN to indicate the support of paging cause for each UE

	Solution 2
	211 bytes, with 1 paging record for “voice” paging cause
	have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging
	Yes.

1) RAN node to indicate the support of paging cause for each PLMN via SIB;

2) CN to indicate the support of paging cause for each UE

	Solution 3
	211 bytes, with 1 paging record for “voice” paging cause
	1)  Have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging
2)  Have an indication to indicate whether the paging is for MUSIM UE or not
	Yes
CN to indicate the support of paging cause for each UE

	Solution 4
	215 bytes, all paging records contain paging cause
	only requires to have one paging cause value indicating voice in S1/N2 for CN paging and in Xn for RAN paging
	Yes
CN to indicate the support of paging cause for each UE

	Solution 4a
	219 bytes, all paging records contain paging cause
	have two paging cause values indicating voice and other in S1/N2 for CN paging and in Xn for RAN paging
	No


The following can be summarized based on Table 1:
1. Solution 1 results in no overhead for the paging message size and the rest of the solutions result in similar message sizes compared to the baseline.

2. Solution 1 & 2 require more signalling support to address Issue 2 compared to other solutions.

3. Solution 3 has more impact to RAN3 compared to other solutions.

4. Solution 4a needs 2 cause values for both Uu paging and S1/N2/Xn paging which is not consistent with SA2.

SA2 introduced UE capabilities for the MUSIM features (Connection Release, Paging Cause, Reject paging and Paging restriction) [6][7]. MUSIM UE and CN need to exchange the information on the supported MUSIM features. For example, when MUSIM UE reports its capability to support the paging cause to CN, CN will send this capability to the UE if it supports the feature. Hence the additional cause value for paging cause in Solution 4a is not needed and a single value to indicate paging cause for voice in Solution 4 is enough.
Proposal: A single value of voice for paging cause indication with parallel list approach should be adopted to introduce paging cause for voice indication.
3. Conclusion

In this contribution, we analysed different solutions available to introduce paging cause for voice and presented a comparative analysis with respect to the impact to RAN3 and the changes required to address how the UE can distinguish between paging from non-voice and paging from a RAN/CN node not supporting paging cause. We propose the following:
Proposal: A single value of voice for paging cause indication with parallel list approach should be adopted to introduce paging cause for voice indication.
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Paging ::=                          SEQUENCE {


    pagingRecordList                    PagingRecordList                OPTIONAL, -- Need N


    lateNonCriticalExtension            OCTET STRING                    OPTIONAL,


    nonCriticalExtension                SEQUENCE {}                OPTIONAL


}





PagingRecordList ::=              	 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,


...


}


maxNrofPageRec                      INTEGER ::= 32 – Maximum number of page records


NG-5G-S-TMSI ::=                    BITSTRING (SIZE (48))


I-RNTI-Value ::=                    BITSTRING (SIZE (40))

















