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1 Introduction
In SA2#143-e further progress was made on KI#1: Handling of Mobile Terminated service with Multi-USIM device, and the following was agreed [1]:
[bookmark: _Hlk68096804]8.1	Conclusions for Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device
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.
…

SA2 further clarified their requirements in an LS [2]. This LS was discussed by RAN2 in RAN2#113bis-e RAN2 and the following were agreed [3]:
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.
RAN2 attempts to reply LS to SA2 once we progress on solution and agree on CR(s) that support/address the above feature/issue.
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).


This contribution further discusses how to address MUSIM paging service indication, while taking into account SA2’s requirements. 
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
Paging cause encoding 
In RAN2#112-e meeting, RAN2 sent an LS to SA2 addressing a number of questions related to support of MUSIM devices [4].  Regarding the feasibility and impact of providing paging cause information per UE in the paging message, RAN2 provided the following assessment:
Extending paging signalling is possible but RAN2 haven’t decided on overall feasibility of paging cause, including how it should be supported. 
For Q2, the overhead of paging cause is expected additional 1 +  bits per UE at most in NR and LTE, if a parallel list (a solution adopted in R16 LTE paging message) is applied for introducing paging causes. 
This means that, assuming 3 bits paging cause, additional 17 bytes (9 bytes) are expected at most when keeping the maximum number of paging records in NR (LTE) paging message, which is roughly ~8%  for NR and ~6% for LTE increase in size at most. Whether 3/4 bits paging cause will impact the real deployment about paging volume and coverage is still under RAN2’s discussion.
The above overhead analysis may be changed based on SA3 feedback on security requirements for paging cause.
It should be noted that this assessment was based on a worst-case analysis, assuming a parallel list approach with Paging Cause field provided for each Paging Record. On the other hand, some contributions [5] have pointed out that in the Rel. 15 timeframe, significant effort was expended in RAN2 to minimize the overhead of paging transmission, as the downlink resource consumption of NR paging can be significant when the number of beams is large. As such RAN2 should strive for the most efficient approach to encode the Paging Cause that minimizes signaling overhead.
Proposal 1: RAN2 should adopt the most efficient approach to encode the Paging Cause that minimizes signaling overhead, while still meeting the requirements of SA2.
Generally, we can distinguish three general approaches to provide the paging cause information per UE:
a) Signal a Paging Cause field for each Paging Record within a Paging Record List [7], [8], [9], [10]
b) Signal a Paging Record List for each Paging Cause [5], [6]
c) Page the UE using different paging identifiers for each paging cause [11]
Typically, multiple UEs could be paged with the same Paging Cause in a single Paging message. As an example, SA2 has only agreed a single Paging Cause of voice needs to be supported for both EPS and 5GS. Therefore, the Paging message only needs to distinguish between a Paging Cause of “voice” and “non-voice”. Using approach a) at least one bit (to differentiate “voice” from “non-voice”) would need to be signaled for each Paging Record, and the overheard would grow proportional to the number of Paging Records in the message. For example, if we assume the current limit of 32 paging records per paging message for NR, then per the analysis of [7] the paging message length would be increased by 39 bits. The same analysis can also be applied to the proposals of [8] & [9]. Whereas [10] proposes 4 paging cause values (“voice”, “other”, and 2 spares), thus requiring 2 additional bits per paging record to encode the paging cause. This would result in a potential increase of paging message length of 71 bits.
Approach b) as proposed in [6] essentially splits the Paging Records into two lists (one for “voice” and the other for “non-voice”) without introducing any additional signaling overhead per Paging Record. The advantage of approach b) compared to approach a) is that any overhead bits are amortized over a typically large number of Paging Records. Therefore, approach b) is more efficient in terms of signaling overhead compared to approach a.
Observation 1: Introducing a Paging Record List per Paging Cause is more efficient than signaling a Paging Cause field per Paging Record. 
Proposal 2: Paging Cause can be signaled in the Paging message by introducing a Paging Record List per Paging Cause. 
SA2 have agreed that the network applies the Paging Cause only for UEs that have provided an indication to the network that they operate in MUSIM mode. Furthermore, as discussed previously, the only Paging Cause that needs to be indicated in Rel. 17 is “voice”. Therefore, if the network needs to page a UE that operates in MUSIM mode for any cause other than “voice” this can be indicated by paging this UE using the existing Paging Record List. 
Proposal 3: 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.
Accordingly, SA2’s requirement for Paging Cause to support MUSIM can be fulfilled by adding one additional Paging Record List for the voice paging cause to the Paging message.
Observation 2: SA2’s requirement for Paging Cause to support MUSIM can be fulfilled by adding one additional Paging Record List for the voice paging cause to the Paging message.
If only a single Paging Record List is added to the Paging message, then it is not necessary to explicitly encode the Paging Cause for this new Paging Record List in the message, as it could implicitly only correspond to a Paging Cause of “voice” in this release. Accordingly, if we assume the maximum of 32 paging records per paging message (including both “voice” and “non-voice” paging causes), the additional signaling overheard for this approach would be only 7 bits.
The following ASN.1 snippet illustrates an example of how the “voice” paging cause can be implicitly signaled for NR. A similar approach can also be introduced for LTE.
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
    ...
}
 

Approach c) does not change the paging message encoding at all, and thus would not result in any increase in paging message size. However, approach c) requires that the network allocates additional paging identifiers to the UE (one per paging cause). Thus, to signal a “voice” paging causes the UE would be allocated another paging identifier in addition to the identifier used for “non-voice” paging. Except of RAN paging, the allocation of such additional paging identifiers is clearly outside the scope of RAN 2. As indicated above, this was also agreed in RAN2#113bis-e [3].
However, as approach c) does not imply changes to the encoding of the paging message, it seems quite attractive. As such RAN2 should wait for input from other concerned working groups before excluding approach c.
Proposal 4: RAN2 to wait for input from other working groups (SA2/CT1) before excluding approach c.
Indication of support for paging cause 
SA2 has agreed that a UE should be able to detect when the Paging Cause feature is not supported in the cell where it is camping (either because the RAN or CN does not support the feature). In [12] it was proposed to add one bit (presumably to the Paging message) to indicate whether the network (including CN and RAN) supports the Paging Cause feature. Alternatively, the ASN.1 encoding itself may suffice to indicate support for the Paging Cause feature. A third approach could be to add one or more bits to system information to indicate support for the paging with paging cause. Any of these approaches would result in minimal additional overheard compared to the encoding of the Paging Cause itself in the Paging message. Therefore, we think it would be prudent to first agree on how to encode the Paging Cause in the Paging message before finalizing this issue.
Proposal 5: RAN2 to first agree how to encode the Paging Cause in the Paging message, and then discuss how to enable UEs to detect when paging with Paging Cause is not supported by the cell.
3 Conclusion
This paper discussed address MUSIM paging service indication and proposed an efficient solution for ASN.1 encoding of the Paging Cause. We have the following observation and proposals:
Observation 1: Introducing a Paging Record List per Paging Cause is more efficient than signaling a Paging Cause field per Paging Record.
Observation 2: SA2’s requirement for Paging Cause to support MUSIM can be fulfilled by adding one additional Paging Record List for the voice paging cause to the Paging message.

Proposal 1: RAN2 should adopt the most efficient approach to encode the Paging Cause that minimizes signaling overhead, while still meeting the requirements of SA2.
Proposal 2: Paging Cause can be signaled in the Paging message by introducing a Paging Record List per Paging Cause.
Proposal 3: 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.
Proposal 4: RAN2 to wait for input from other working groups (SA2/CT1) before excluding approach c.
Proposal 5: RAN2 to first agree how to encode the Paging Cause in the Paging message, and then discuss how to enable UEs to detect when paging with Paging Cause is not supported by the cell.
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