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1 Introduction
According to the latest V17.0.0 version of TR 23.761, the following description for paging cause are included [1]:
-
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 this paper, we will give our view on how to deliver the paging cause to UE, based on the above SA2 conclusions, and the contributions of the past meetings.
2 Discussion
As the LS [2] sent to SA2 in RAN2# 112 meeting, based on the email discussion [3], in which the overhead of paging cause transmission was given as following, with the assumption that the parallel list solution was used:
For Q2, the overhead of paging cause is expected additional 1 + [image: image2.png][log,( number of paging cause)]



 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.
As we know, beamforming sweeping mechanism is used for paging transmission to compensate path loss caused by working on very high frequency. As a result, the same paging message will be transmitted in several PDCCH motoring occasion in NR. So from the very beginning of NR discussion to at least RAN2#102 meeting, the downlink resources overhead of paging transmission has always been a hot topic, for example, the paper [4] in RAN2# 95bis. The paper [5] has given some evaluation results, which shown that, at least for high number of beam directions, the downlink resource overhead of paging is significant consuming a high fraction of the available capacity. Several solutions were discussed in [6]
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[10], for example, response-based paging approach, paging indication triggering approach, RACH preamble + data including UE ID approach, truncated UE-ID based paging approach, and so on. 
Even there is not any optimization mechanism for paging message transmission adopted in the specification at last, considering, for example, power consumption or false alarm, resource overhead of paging message transmission in NR is still a common concern of most of the companies. 
So any paging message size increase in NR should be evaluated carefully. For paging cause transmission, even only voice paging cause is supported, Paging cause overhead reduction still need to be pursued. 
Observation 1: Paging cause overhead reduction still need to be pursued even only voice paging cause is supported. 
Some view to add a paging cause value in RAN paging message has been discussed in RAN2# 113bis meeting, for example, adding non-voice paging cause. From our point of view, maybe RAN2 can determine the format of Uu paging message, but, it may be better check with SA2 firstly, to avoiding any forward compatibility issue, for example, SA2 will introduce more paging causes in the future.  And the paging message overhead discussed above, should also be considered when evaluate adding paging cause value. 
Observation 2: RAN2 needs to evaluate carefully and check with SA2 firstly before adding any paging cause by RAN2 itself. 
The following solutions (not all) for paging cause delivery has been discussed in corresponding papers:
· Solution 1: defining new parallel list as listed in the same order in pagingRecordList [11]
Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList               OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                   OPTIONAL,
    nonCriticalExtension                SEQUENCE{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 R
}
· Solution 2:  define new separate list including the complete paging records for only multi-SIM UEs to indicate whether they are paged for voice-service or non-voice service [12]
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
}
· Solution 3: add a pagingCause indication in PagingRecord [13]
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
pagingCause
                  ENUMERATED {nonVoice}
OPTIONAL,   -- Need N

    ...
}
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}
· Solution 4: define new separate list including the complete paging records for only multi-SIM UEs, but reusing the  legacy PagingRecord format [14]
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
    ...
}
· Solution 5: only indicate the number of the paging records with paging cause to UE in paging message or in the DCI scheduling paging message, assuming the network always put the paging records with paging cause at the very first/last part of the pagingRecordList [15]
One example can be found in Figure 1:
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Figure 1 Example of indicating the number of PagingRecords including paging cause
That is, there are 32 PagingRecords in the pagingRecordList in one of the network transmitting paging message, in which only 10 PagingRecords have paging casue. If the 10 PaginRecords with paging cause are listed in the first part of the pagingRecordList, only the number 10 is needed to indicate to UE. So at most 5/4 bits is enough for NR/LTE paging message, regardless how many paging records having paging cause. 
The possible paging message format can be:

Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList               OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                   OPTIONAL,
    nonCriticalExtension                SEQUENCE{Paging-v17xy-IEs}     OPTIONAL
}
 
Paging-v17xy-IEs ::=                SEQUENCE {
    pagingRecordNumber-v17xy           INTEGER (1..32)     OPTIONAL, -- Need N
    nonCriticalExtension               SEQUENCE{}                OPTIONAL
}
 
PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord
 
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}
The overhead analysis of the above five solutions can be summarized like:
	Solution
	Solution 1
	Solution 2
	Solution 3
	Solution 4
	Solution 5

	Overhead
	High
	Middle
	High
	Low
	Low


And, for solution 5, if the number of the paging records with paging cause is carried by the reserved bits in the DCI scheduling paging message, not any overhead is added. 
Proposal 1: Solution 4 or 5 can be considered for paging cause delivery, considering the additional signalling overhead.
· DCI based solution in solution 5 is the most appropriate one.
3 Conclusion

In this paper, we give our view on how to deliver the paging cause to UE based on the latest above SA2 conclusions, and the following observations and proposal are given:
Observation 1: Paging cause overhead reduction still need to be pursued even only voice paging cause is supported. 

Observation 2: RAN2 needs to evaluate carefully and check with SA2 firstly before adding any paging cause by RAN2 itself. 
 Proposal 1: Solution 4 or 5 can be considered for paging cause delivery, considering the additional overhead.

· DCI based solution in solution 5 is the most appropriate one.
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