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1. Introduction

In RAN#88e meeting, work item on “Support for Multi-SIM devices for LTE/NR” was revised in [1]. The WI targets to study/ work on Multi USIM UEs and amongst other objectives intend to develop enhancement(s) to address the paging collision due to monitoring paging corresponding to more than one USIM. This document first describes what can be constituted as a “paging collision” since a standardized solution is aimed. 
Later, RAN2 attention is sought to focus on scenario where the RRC Inactive UE would start facing paging collision immediately after transitioning to RRC Inactive as a result of the Suspend Config received in the RRC Release.
Finally, how ETWS or CMAS capable UEs, or UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change is also discussed.
2. Discussion
Defining a Paging Collision: Before looking into the solution domain for avoiding Paging collision across two USIMs of a multi USIM UE, RAN2 should clarify exactly what a Paging collision really is and what is the corresponding UE behavior in declaring a collision and seeking network’s assistance. All UEs should have the same behavior as far as Paging collision declaration and thereby seeking assistance is concerned. In absence of a uniform behavior some UEs will declare/ determine Paging collision and seek assistance when all Paging opportunities of both the USIMs collide (Figure 1) while some other UEs will seek assistance when even just a few Paging opportunities of both the USIMs collide (Figure 2).
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Figure 1: All Paging opportunities of the two USIMs collide


[image: image2.emf]Legend

SFN Cycle

PF_Offset

DRX Cycle –�cell1

Paging Opportunity for USIM1

DRX Cycle –�cell2

Paging Opportunity for USIM2


Figure 2: Only certain paging opportunities of the two USIMs collide

Therefore, a specified behavior or rule is required defining when a UE declares Paging collision of two USIMs and thereby seek assistance (i.e. transmit a Paging Assistance Required message or PAR in short). As one example of this rule, the UE may be allowed to seek assistance if even a single paging collision is foreseen. This rule could be useful if the network would not re-transmit a Paging message in a particular serving cell. If it would however repeat paging in the same cell, another rule could say that upon collision of at least contiguous (or otherwise) ‘x’ paging opportunities (in a DRX cycle or in SFN cycle or in a time period etc.) the UE may be allowed to seek assistance. The rule can be expressed in terms of percentage of colliding POs (in a DRX Cycle or in the entire SFN cycle) as well e.g. 50% collision or 100% collision etc. The rule may be explicitly specified or can be configurable by the network using RRC signaling, e.g. by broadcast signaling in SIB. The paging collision may be noted as an overlap (partial or full) in time and/ or also in the Paging search space. 
Proposal 1: RAN2 specify rules (e.g. after how many anticipated collisions) for a UE to declare paging collision and seek network’s assistance.
Further, if a multi-USIM UE with only one Rx determines a paging collision, it would need finite time to retune between the System (e.g. to receive the page). So, this UE may end up not receive the page in the target system even if the POs of the two System are not directly overlapping – but because by the time it finishes paging monitoring in the source system and retunes to the target system after “retuning time”, the POs of the other System are gone. Therefore, RAN2 should define paging collision as inability to receive paging in two (or more) systems irrespective of if a direct overlap of the paging occasions exists, assuming finite retuning time between the two Systems.

Proposal 2: Paging collision is defined as inability to receive paging in two (or more) systems irrespective of if a direct overlap of the paging occasions exists, assuming finite retuning time between the two Systems.
Finally, it is possible that no response from network A is received after UE transmits the paging collision indication to the selected network e.g network A. In this case, UE may continue to re-transmit the paging collision indication to the same serving cell (of network A); or, UE transmits the paging collision indication to network B if no response is received from network A. Therefore, the time duration should be specified for UE to reselect another network.

Proposal 3: UE transmits the paging collision indication to network B if no response is received for a while (one timer) after transmitting the paging collision indication to network A. Therefore, the time duration should be specified for UE to reselect another network for paging collision indication.
Transition to RRC Inactive: Let’s consider a scenario where the 1st USIM in a UE (mobile device) supporting more than one USIM is already active and has a serving cell (camped in RRC Idle or RRC Connected). When a second USIM gets active i.e. the protocol stack of the 2nd USIM is activated, the UE (USIM-2) would initiate NAS registration procedure. If there would be a collision when the UE with respect to both the USIMs is in RRC Idle, it would seek assistance from the network if the collision can’t be solved by the UE itself. If one of the USIM (UE) moves to RRC Connected state and later, at some point in time is then moved to RRC Inactive (using a RRCRelease message), the UE may start experiencing (new) paging collision issues because of the RAN-pagingCycle signalled in the RRCRelease suspending the UE to RRC Inactive state.
As one possibility, the UE may already before initiating transition to RRC Inactive, may let the network know that there’s impending collision based on the Paging Parameters of the cell, including the RAN-pagingCycle signalled in the RRCRelease message. As another possibility, the UE transitions to RRC Inactive and then later (immediately or after a while) inform the network about paging collisions and seeks assistance.

Proposal 4: RAN2 discuss the impending Paging collisions of a UE that is (to be) released to RRC Inactive state by the network and RAN2 should decide when (i.e. before or after transitioning to RRC Inactive) this UE may seek network’s assistance for the same.
Change of system information: UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change indication in its own paging occasion every DRX cycle. If the UE’s own paging occasion collides with the PO of other USIM, UE shall rather monitor for SI change indication in any paging occasion at least once per modification period or in every DRX cycle. The same solution is applied for ETWS or CMAS capable UEs in RRC_IDLE or in RRC_INACTIVE i.e. such a UE shall rather monitor for SI change indication in any paging occasion at least once per modification period or in every DRX cycle.
Proposal 5: To monitor SI change, if the UE’s own paging occasion collides with the PO of other USIM, UE shall monitor for SI change indication in any paging occasion at least once per modification period or in every DRX cycle. Similarly, for ETWS or CMAS capable UEs in RRC_IDLE or in RRC_INACTIVE state.

3. Conclusion

This document first describes what can be constituted as a “paging collision” since a standardized solution is aimed. Later, it focused on scenario where the RRC Inactive UE would start facing paging collision immediately after transitioning to RRC Inactive as a result of the Suspend Config received in the RRC Release. Finally, how ETWS or CMAS capable UEs, or UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change was also discussed. The following proposals are made:
Proposal 1: RAN2 specify rules (e.g. after how many anticipated collisions) for a UE to declare paging collision and seek network’s assistance.
Proposal 2: Paging collision is defined as inability to receive paging in two (or more) systems irrespective of if a direct overlap of the paging occasions exists, assuming finite retuning time between the two Systems.

Proposal 3: UE transmits the paging collision indication to network B if no response is received for a while (one timer) after transmitting the paging collision indication to network A. Therefore, the time duration should be specified for UE to reselect another network for paging collision indication.
Proposal 4: RAN2 discuss the impending Paging collisions of a UE that is (to be) released to RRC Inactive state by the network and RAN2 should decide when (i.e. before or after transitioning to RRC Inactive) this UE may seek network’s assistance for the same.
Proposal 5: To monitor SI change, if the UE’s own paging occasion collides with the PO of other USIM, UE shall monitor for SI change indication in any paging occasion at least once per modification period or in every DRX cycle. Similarly, for ETWS or CMAS capable UEs in RRC_IDLE or in RRC_INACTIVE state.
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