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1
Introduction
3GPP Work Item Description (WID) RP-193263 introduces support of Multi-SIM devices in Rel-17. Additional references and work in this area including TR 23.761, S2-2006037, R2-2009325. This proposal addresses the following objective of the WID (para 4.1):

1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]

· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.

· Applicable UE architecture: Single-Rx/Single-Tx.

Several solutions discussed in TR 23.761 try to resolve the collisions by letting UE request a new/alternative 5G-GUTI. However, in some cases, it may be desirable to simply change paging cycle and/or paging frame offset for one of the SIMs instead. We propose the following solutions to meet the above objective. If a 5G-UE detects any collisions between paging cycles across multiple SIMs:

· Reuse the existing 5G mobility management procedure to let the UE request new 5GS DRX parameters (i.e. NAS level paging cycle and/or UE-specific paging frame offset).

· Reuse the existing 5G RRC resume procedure to let the UE request new RAN paging cycle and/or UE-specific paging frame offset. 

2
Discussion
After a 5G UE has registered to network, it can listen to paging in two RRC states: RRC_IDLE and RRC_INACTIVE. The paging occasion is determined with the assigned 5G-S-TMSI (derived from 5G-GUTI), the shortest paging cycle (See TS 38.300, para 9.2.5) and a cell-specific paging frame offset (see TS 38.304, para 7.1). The DRX cycles configured by network are: a) default cycle broadcast in system information, b) UE specific cycle configured via NAS signalling and c) UE-specific cycle configured via RRC signalling. A UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three. Also note that currently there is no UE-specific paging frame offset defined.
In multi-SIM context, UE may have paging preference for one SIM over other depending on location or time. For example, a corporate SIM may be preferred during work hours over a personal SIM. In other cases, an NR SIM may be preferred over EPS SIM while being in certain locations. Though the UE may request a new 5G-GUTI with one of the solutions proposed in TR 23.761, it may so happen that paging still collides with new 5G-GUTI. The objective of this proposal is to reduce probability of collisions by also changing the DRX cycle and/or paging frame offset. 
Reasoning for negotiating new DRX cycle: If a UE prefers one SIM over the other, it may be desirable to always listen paging on the preferred SIM. However, if the paging cycles of non-preferred SIMs are same as the preferred one and their POs collide with the preferred SIM, then their pages will always be missed. In such cases, it may be possible to shorten the paging cycle of non-preferred SIMs and get some POs not colliding with the preferred SIM (Note: this is only a simple illustration. In reality, UE may decide how to spread paging cycles across different SIMs based on other considerations). The 5G System already supports DRX architecture which allows idle mode DRX cycle to be negotiated between UE and the AMF at NAS level (see TS 23.501, 5.4.5 TS 24.501, 8.2.6). At RAN level also, current messages can handle negotiation of new DRX cycle. This proposal need only minor modifications to existing standards.

Reasoning for negotiating new UE-specific paging frame offset: If it is possible to extend the current definition of negotiated 5GS DRX parameters at NAS level and/or SuspendConfig at RAN level, then the collision problem can also be resolved with negotiating a new such offset. This solution assumes that all entities involved (UE, gNodeB, core network) can handle UE-specific paging frame offsets. The impact of this enhancement over various specifications is FFS.

For UE in RRC_IDLE state:
Lower layers on the UE side could detect a paging occasion (PO) collision between multi-SIM paging cycles. This procedure is implementation specific. For example, the PHY layer of the connection associated with one SIM could compute the next PO and find that a similar event had been already scheduled by the PHY layer associated with the other SIM (early detection). In another case, both PHYs could schedule events and hardware would be unavailable for one of them at the triggered time (late detection). UE’s lower layers could notify mobility management entity to trigger another mobility registration update and negotiate a new DRX cycle. This trigger mechanism is also implementation specific. Once the procedures completes, the UE receives a new DRX cycle and/or UE-specific paging frame offset.

FFS: A new registration cause may be needed to indicate that registration update is because of paging occasion collisions.  It may be possible to reuse ‘mobility registration updating’ cause, however that is normally triggered by change in registration area. If ‘periodic registration updating’ cause is used, there may be some inconsistency for the registration timers between UE and AMF. Also, periodic registration procedure does not change the UE’s DRX cycle (see TS 23.501, para 5.4.5). For the above reasons, we propose to replace ‘reserved’ in 5GS registration type value with ‘pagingCollision’. There are no changes to the message format.
NOTE 1: Currently following registration types are defined in TS 24.501 V16.6.0

	5GS registration type value (octet 1, bits 1 to 3)

	Bits

	3
	2
	1
	
	

	0
	0
	1
	
	initial registration

	0
	1
	0
	
	mobility registration updating

	0
	1
	1
	
	periodic registration updating

	1
	0
	0
	
	emergency registration

	1
	1
	1
	
	Reserved


NOTE 2: Currently the 5GS DRX parameters (TS 24.501, para 9.11.3.2A) allow negotiation of only the DRX value. We propose to use some spare bits for negotiating UE-specific paging frame offset.
	8
	7
	6
	5
	4
	3
	2
	1
	

	5GS DRX parameters IEI
	octet 1

	Length of 5GS DRX parameters contents
	octet 2

	0
	0
	0
	0
	DRX value
	

	spare
	
	octet 3


Figure 9.11.3.2A.1: 5GS DRX parameters information element

Table 9.11.3.2A.1: 5GS DRX parameters information element

	DRX value (bits 4 to 1 of octet 3)
This field represents the DRX cycle parameter 'T' as defined in 3GPP TS 38.304 [28].


	Bits

	4
	3
	2
	1
	

	0
	0
	0
	0
	DRX value not specified

	0
	0
	0
	1
	DRX cycle parameter T = 32

	0
	0
	1
	0
	DRX cycle parameter T = 64

	0
	0
	1
	1
	DRX cycle parameter T = 128

	0
	1
	0
	0
	DRX cycle parameter T = 256

	

	All other values shall be interpreted as "DRX value not specified" by this version of the protocol.
Bits 5 to 8 of octet 3 are spare and shall be coded as zero.

	


Editor’s Note: The above may be out of scope for RAN2 but it is included here for completeness.

For UE in RRC_INACTIVE state:
If the UE detects a PO collision between multiple-SIM paging cycles, it may trigger RRC resume procedure with a new ResumeCause. Once the procedure completes, UE receives a new RAN paging cycle and/or UE-specific paging frame offset. This procedure has the advantage that it will not result in additional signalling overload and latency between gNB and core network (as compared to negotiating new 5G-GUTI with registration update). It may be noted that normally RRC resume procedure is performed with the intention of sending uplink signalling or data. However, in this case the UE may not require resources, just a new RAN paging cycle. If the UE reuses existing ResumeCause values, this ‘special case’ RRCResumeRequest may confuse the gNodeB to respond with RRCResume or RRCSetup. To differentiate, it is recommended that UE indicates a new resume cause and the gNodeB accordingly responds with ‘RRCRelease with suspend configuration’. See TS 38.331 Figure 5.3.13.1-4 reproduced below. We propose to replace ‘spare1’ with ‘pagingCollision’ in ResumeCause. There are no changes to the message format. We also propose to extend SuspendConfig IE with a UE-specific paging frame offset field.
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Note: Currently following resume causes are defined (TS 38.331 V16.2.0): (there are two messages containing resumeCause)
RRCResumeRequest ::=            SEQUENCE {

        rrcResumeRequest            RRCResumeRequest-IEs

}

RRCResumeRequest-IEs ::=        SEQUENCE {

    resumeIdentity                  ShortI-RNTI-Value,

    resumeMAC-I                     BIT STRING (SIZE (16)),

    resumeCause                     ResumeCause,

    spare                           BIT STRING (SIZE (1))

}
RRCResumeRequest1 ::=         SEQUENCE {

       rrcResumeRequest1          RRCResumeRequest1-IEs

}

RRCResumeRequest1-IEs ::=    SEQUENCE {

    resumeIdentity               I-RNTI-Value,

    resumeMAC-I                  BIT STRING (SIZE (16)),

    resumeCause                  ResumeCause,

    spare                        BIT STRING (SIZE (1))

}

ResumeCause ::=             ENUMERATED {emergency, highPriorityAccess, mt-Access, mo-Signalling,

                                        mo-Data, mo-VoiceCall, mo-VideoCall, mo-SMS, rna-Update,
                                        mps-PriorityAccess,

                                        mcs-PriorityAccess, spare1, spare2, spare3, spare4, spare5 }
SuspendConfig ::=                   SEQUENCE {

    fullI-RNTI                          I-RNTI-Value,

    shortI-RNTI                         ShortI-RNTI-Value,

    ran-PagingCycle                     PagingCycle,

    ran-NotificationAreaInfo            RAN-NotificationAreaInfo                                            OPTIONAL,   -- Need M

    t380                                PeriodicRNAU-TimerValue                                             OPTIONAL,   -- Need R

    nextHopChainingCount                NextHopChainingCount,

    ...
    UE-nAndPagingFrameOffset               CHOICE {

        oneT                                NULL,

        halfT                               INTEGER (0..1),

        quarterT                            INTEGER (0..3),

        oneEighthT                          INTEGER (0..7),

        oneSixteenthT                       INTEGER (0..15)

    }       OPTIONAL,

}
3 Conclusion

This paper proposes two solutions to resolve the paging collisions due to the use of multi-SIM. The proposals are:

Proposal 1: Reuse the existing mobility management procedure to let the UE request new NAS level DRX cycle and/or UE-specific paging frame offset when UE is in idle state. Replace ‘reserved’ in 5GS registration type value with ‘pagingCollision’. Optionally utilize spare bits in 5GS DRX parameters for UE-specific paging frame offset. 
Proposal 2: Reuse the existing RRC resume procedure to let the UE request new RAN paging cycle and/or UE-specific paging frame offset when UE is in RRC_INACTIVE sate. Replace ‘spare1’ with ‘pagingCollision’ in ResumeCause. Extend SuspendConfig to optionally contain UE-specific paging frame offset.
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