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Abstract of the contribution: The use of a separate S-TMSI would eliminate any overhead in the RAN (saving paging capacity) and also avoid any security/privacy issue.
Discussion

The support of a paging cause code has currently RAN and SA3 dependencies that make the normative phase relatively uncertain. It is possible that despite we just specify a single paging cause in SA2, in RAN 2 a space greater than that will be adopted for security reasons. SA3 could require a number of bits>1 to signal the paging cause code and avoid privacy concerns. This could e.g. result in 4 or 8 bits cause code space with an overhead of 9% and 16% respectively (see Annex). So, the impact on paging capacity is not in our control by means of limiting the number of cause codes.
From SA2 side that it can be possible is to allocate, for a MUSIM capable UE which supports and is enabled to use this feature, a second S-TMSI for Voice+SMS, and, for RRC-INACTIVE, a second I-RNTI, for the same purpose. Then, for (5GS) if the allocation of the S-TMSIs is such that mod(1024) operation yield the same result, the PO/PF are the same and the UE needs not monitor different PO/PF per S-TMSI of same subscription. Other options are also possible, like the adoption of an Alternative ID mechanism (which can also be reused for paging collision avoidance or PO/PF coordination). Another option yet can be to just use the main GUTI for PO/PF calculations and just use the additional S-TMSI as a paging identity aimed at signalling the Paging cause Voice+SMS. The UE receving paging for a S-TMIS or I-RNTI for voice+SMS, would interpret that as if it had received a paging cause code = Voice+SMS.
The advantages of this solution are:

1) No impact on the paging message over the radio interface, and no RAN impact so it can work using legacy RAN nodes.
2) No overhead over the radio interface

3) No privacy issues

If we want to pick e.g. the option to use the main GUTI for everything but the paging identity in the paging message when the paging cause is Voice or SMS, the solution for normative work would look like this:

The UE and the network know the association between the Main GUTI and the Service-specific GUTI used to page the UE to indicate Voice or SMScause, derived from main GUTI by replacing the S-TMSI with a service specific S-TMSI. The Service Specific S-TMIS is provided by the network every time a new GUTI is allocated. The UE shall use the main S-TMSI/GUTI (in EPS and 5GS) as usual, and all the mappings to legacy GUTIs, the identity used in RR/TAUs etc. are based on using the main GUTI. The UE can be paged with the additional S-TMSI when the cause is Voice+SMS, but the UE responds to paging with the main GUTI. 
In other words, the additional S-TMSI for Voice or SMSis only used as a paging identity to signal the Paging is for Voice+SMS. The MME/AMF e.g. may just need a pool of such IDs to be allocated to MUSIM MODE devices assuming the CN intends to use the "paging cause" for such devices. In summary the system operation is totally unchanged except the additional paging identity. The main impact on the paging procedure would be that the AMF needs to send to the RAN a UE_ID used to compute the PO/PF that is based on the main GUTI while the ID used for paging is the Additional S-TMSI. For RRC inactive, the RAN provides the UE with a Additional -RNTI to signal that the paging cause is Voice or SMSbut then the RAN uses the main I-RNTI to compute the PO/PF.
Proposal

It is proposed that SA2 considers for the normative CRs to opt of the allocation for a service specific S-TMSI and I-RNTI. The following text is added to TR 23.761.
First Change

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 voice and SMS is supported to be indicated as the paging cause to the UE.



NOTE 1:
"voice" refers to MMTel voice (5GS and EPS) and CS domain voice (EPS only).



-
If Multi-USIM device received paging by Network-A in RRC_Idle mode and the device decides to accept the paging, UE shall perform as existing procedure (send the Service Request message).

-
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 NAS message to network unless it is unable to do so e.g. due to UE implementation constraints.
 NOTE 2:
Whether Busy indication is supported for RRC_Inactive case is up to RAN decision. 
-
The UE MMI shall not require input from the user in order for the UE to decide whether to respond to paging.
-
An additional Service-specific S-TMSI and I-RNTI used as paging identity in the paging message to signal the paging cause Voice or SMS is proposed for normative work. 

The UE and the network know the association between the Main GUTI and the Service-specific GUTI used to page the UE to indicate Voice or SMS cause, derived from main GUTI by replacing the S-TMSI with a service specific S-TMSI. The Service Specific S-TMSI is provided by the network every time a new GUTI is allocated. The UE shall use the main S-TMSI/GUTI (in EPS and 5GS) as usual, and all the mappings to legacy GUTIs, the identity used in RR/TAUs etc. are based on using the main GUTI. The UE can be paged with the additional S-TMSI when the cause is Voice or SMS, but the UE responds to paging with the main GUTI. In other words, the additional S-TMSI for Voice or SMS is only used as a paging identity to signal the Paging is for Voice or SMS. In summary the system operation is totally unchanged except the additional paging identity. The main impact on the paging procedure would be that the AMF needs to send to the RAN a UE_ID used to compute the PO/PF that is based on the main GUTI while the ID used for paging is the Additional S-TMSI. For RRC inactive, the RAN provides the UE with a Additional -RNTI to signal that the paging cause is Voice or SMS but then the RAN uses the main I-RNTI to compute the PO/PF.
End of changes Changes
Annex – overhead calculation

RRC Paging message contents

-- ASN1START

-- TAG-PAGING-START

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,

    ...

}

-- TAG-PAGING-STOP

-- ASN1STOP

RRC paging message size calculation for maximum capacity

The common PDSCH channel which carry the RRC paging message needs to accommodate 32 paging records with each of size 50 bits. (48 bit identifier +1 bit access type +1 bit choice). The payload part of transport block for paging message is 1600 bits as per this calculation

Capacity Reduction with addition of bits 

If paging cause is introduced for each paging record, the number of paging records which can fit inside the PDSCH will reduce accordingly.
	 Number of Additional bits
	Paging channel capacity
	Capacity, Number of paging records
	capacity reduction%

	0
	1600 bits (32*50)
	32
	N/A

	1
	1600
	31
	3

	2
	1600
	30
	6

	3
	1600
	30
	6

	4
	1600
	29
	9

	5
	1600
	29
	9

	6
	1600
	28
	13

	7
	1600
	28
	13

	8
	1600
	27
	16


Conclusion :

With 4 additional bits for paging cause, the paging capacity is reduced by 9%. With 8 additional bits for paging cause the capacity is reduced by 16%..

3GPP

SA WG2 TD


