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In RAN#88e a new WID on support for Multi-SIM devices for LTE/NR was agreed [1]. The objectives of the WI were defined as follows:
	The detailed objectives of the Work Item are:
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.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) Unless SA2 find an alternative solution or decides otherwise , specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR.[ RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.

NOTE 1:  Single Rx allows MUSIM UE to receive traffic from only one network at one time, Dual Rx allows MUSIM UE to simultaneously receive traffic from two networks. Single Tx allows MUSIM UE to transmit traffic to one network at one time, dual Tx allows MUSIM UE to simultaneously Transmit traffic to two networks. (The terms Single Rx/Tx and Dual Rx/Tx do not refer to a device type. A single UE may, as an example, uses Dual Tx in some cases but Single Tx in other cases)
NOTE 2: Co-ordination between involved operators is not expected.



Regarding the remaining objectives 1 & 2, it is useful to acknowledge the progress SA2 has already made in the related SI [2]. We can analyze the Key Issues already identified by SA2, and the potential solutions that have been proposed so far. Such an analysis can lead to insight into which issues need to be tackled by RAN2 to address the objectives of the RAN2 WID.
In the remainder of this paper we briefly discuss Key Issue 2 identified by SA2 and highlight potential impacts that should be address by RAN2 in the context of potential system solutions captured in [2].
MUSIM Key Issues Identified by SA2
In [2] SA2 have identified the following 4 Key Issues as enablers for devices with multiple USIMs:
Key Issue 1: Handling of Mobile Terminated service with Multi-USIM device
“While actively communicating with the system associated with one USIM ("current system"), the Multi-USIM device may need to perform some activity (e.g. listen to paging, respond to paging, perform mobility update etc.) in the other system(s). While the Multi-USIM device communicates with another system, there may be interruption to the ongoing services in the current system”
Key Issue 2: Enabling Paging Reception for Multi-USIM Device
“Paging Occasions (POs) are calculated based on the UE identifier i.e. IMSI and 5G-S-TMSI for EPS and 5GS, respectively. The formulae for determination of the POs are specified in TS 36.304 and TS 38.304 for E-UTRA and NR, respectively.
Multi-USIM device that is unable to simultaneously monitor paging on all 3GPP RATs and systems in which it is in Idle state or RRC_Inactive state (for 5GS) needs to make a choice of the paging channel(s) to monitor which can lead to unsuccessful paging on the other paging channel(s). In some cases the UE identifier values associated with the different USIMs can lead to systematic collisions which may result in corresponding missed pages.”
Key Issue 3: Coordinated leaving for Multi-USIM device
“Consider a Multi-USIM device that has concurrent registrations associated with several USIMs. While actively communicating with the system associated with one USIM (the "current system"), the Multi-USIM device determines that it needs to perform some activity in the system associated with another USIM (e.g. respond to a page, or perform mobility update).
Today, in the absence of any procedure for notifying the network the Multi-USIM device may autonomously leave or release the RRC connection with the current system. This is likely to be interpreted as an error case by the current system and has the potential to distort the statistics in the current system, and misguide the algorithms that rely on them. Moreover, during the Multi-USIM device's absence from the current system, if the UE cannot receive downlink data or process the paging from the current system, it may result in waste of resources.”
Key Issue 4: Emergency handling of MUSIM UE
“TS 22.101 defines the necessary requirements for and handling of Emergency services for a MUSIM UE.”

Among these 4 Key Issues, KI 2 corresponds to first objective of the WID [1], whereas the second WID objective correspond to KI 3, and to KI 1 to some extent. In this paper we focus on KI 2. 

Impacts of Multi-USIM Paging 
For KI 2, the UE is in RRC_Idle or RRC_Inactive with both Network A and Network B. The objective is to avoid the UE from hashing to colliding or overlapping Paging Frames/Paging Occasions in both networks. The worst case the UE’s PO may totally collide in both systems, resulting in the UE only being able to monitor for paging in one system or the other. In the best case, there will not be any overlap of POs. It is also possible that there is partial overlap, meaning that the UE may be able to receive some pages while missing others. 
 
Paging Frame (PF) and Paging Occasions (POs) are calculated as follows [3] and [4]:
	The PF and PO for paging are determined by the following formulae:
	SFN for the PF is determined by:
	(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
	Index (i_s), indicating the index of the PO is determined by:
	i_s = floor (UE_ID/N) mod Ns
Where UE_ID is:
	UE_ID: IMSI mod 1024	(in the EPS)
	UE_ID: 5G-S-TMSI mod 1024	(in the 5GS)
Here:
T: DRX cycle of the UE
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
Note that T may be different in each network. The remaining parameters are signalled to the UE via SIB, and as such may be cell specific.
Observation 1: The paging frames (PF) and paging occasions (PO) for a UE are configured on per-cell basis.
Reference [2] identifies 9 possible solutions (7,12, and 14 - 20) to address KI 2. Most of the proposed solutions address PF/PO collisions by replacing the UE ID used in the calculation. In other words, whenever the MSIM UE detects that its PF/PO in systems A & B suffer from collisions, it can trigger or request a new UE ID in one of the two systems to resolve the collisions. The UE would typically invoke a registration procedure to request a new or modified UE ID. 
However, we should note that allocating a new UE ID to the UE does not guarantee PF/PO collisions can be avoided completely. If the new UE ID still results in collisions, it may be necessary to invoke the registration procedure more than once. Alternatively, the UE may provide some assistance information to the network to assist in the UE ID selection. In addition, as noted above PF/PO are configured per cell. Thus, wherever there is a change in the related parameters, paging collisions will be more likely to occur. Similar to a TA boundary, such locations may experience an increase in UL load due to additional registration procedures. Nevertheless, we expect that PF/PO related configuration parameters to be relatively uniform throughout the network, and hence the increased registration traffic may be tolerable.
Observation 2: Replacing UE ID will increase UL load due to registrations. Furthermore, by itself it can not eliminate all PO/PF collisions. 
Alternatively, at least one solution (18) proposes to page the UE in more than one PF/PO (e.g. paging in consecutive POs) as a means to address collisions. In this solution, if there was a paging collision in the first PO, it is significantly less likely that there will also be a collision for the second PO. Thus, an approach like this could be very effective to avoid paging collisions regardless of paging parameter configurations. However, one concern about allocating multiple POs to the UE is the impact to UE power consumption while in RRC_Idle or RRC_Inactive.
Proposal: RAN2 should consider both paging success rate and UE IDLE/INACTIVE mode power consumption when selecting a solution for MUSIM paging collisions.

Conclusion
In this paper, we briefly discussed Key Issues for MUSIM identified by the SA2 SI [2] and highlight potential RAN2 impacts of KI 2.

In summary we have the following observations and proposals:
Observation 1: The paging frames (PF) and paging occasions (PO) for a UE are configured on per-cell basis.
Observation 2: Replacing UE ID will increase UL load due to registrations. Furthermore, by itself it can not eliminate PO/PF collisions.

Proposal: RAN2 should consider both paging success rate and UE IDLE/INACTIVE mode power consumption when selecting a solution for MUSIM paging collisions.
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