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Abstract of the contribution: This contribution analyses RAN impacts for RAN related objectives in multi SIMs and suggests to involve RAN into the study as soon as possible.
1 Background 

SID Study on system enablers for multi-SIM devices [1] has been agreed and the objective on are listed as follows. Some objectives are closely associated with RAN, e.g. paging collision.
	Objective

This study item shall address the following system enablers for multi-USIM devices:

- 
A mechanism for delivering paging destined to USIM A while the UE is actively communicating with USIM B. 

-
A mechanism allowing for suspension (or release) and resumption of an ongoing connection in the 3GPP system associated with USIM A, so that the UE can temporarily leave to the 3GPP system associated with USIM B, and then return to the 3GPP system in a network-controlled manner. The study shall determine how the network handles MT data or MT control-plane activity occurrence on a suspended connection.

-
A mechanism for avoidance of paging collisions occurring in the UE between USIM A and USIM B.

-
Handling of emergency calls and sessions.

-
Handling of service prioritization i.e. the study shall determine whether the UE behaviour upon reception of paging information is driven by USIM configuration or user preferences or both.

NOTE 1:
This objective is expected to be further aligned through Stage 1 requirements. Additional objectives may be added if there are further Stage 1 requirements. 

NOTE 2:
The enablers for Dual-USIM are expected to also apply to multi-USIM scenarios.
The study shall be restricted to single Rx / single Tx and dual Rx / single Tx UE implementations.

NOTE 3:
The focus of the study is on enablers for multi-USIM implementations relying on common radio and baseband components that are shared among the multiple USIMs.
The problem statement being common to 5GS and EPS, it is expected that the study conclusions will apply to both 5GS and EPS, but the solutions for 5GS and EPS need not be the same.

The system enablers for multi-USIM devices are expected to apply for the cases where the multiple USIMs are owned by the same or by different MNOs.

While the solutions developed as part of this study may also be applicable to DR-mode (single USIM) interworking between 5GS and EPS, 5GS-EPS interworking use cases with DR-mode (single USIM) are considered outside the scope of this study.
The objectives listed above correspond to work that is expected to be primarily or entirely conducted in SA2. Work that falls entirely in the access stratum scope (e.g. creating transmission gaps) is expected to be performed by RAN working groups. 

As part of the study and in coordination with other WGs it should be concluded whether to proceed with normative work.


2 Discussion

1) Paging collision
UE with dual USIMs and single Tx/Rx may experience paging collisions. The paging collision is that the paging monitoring occasions for different USIMs are overlapping in time domain, and may result in missing paging. In EUTRA, inputs for calculation of paging monitoring occasions are simple and include UE_ID/N, nB, UE DRX, etc. The UE ID/N and UE DRX are indicated from the CN to the RAN during paging. 
In NR, the paging monitoring occasion can be configured more flexible than EUTRA. The inputs for calculation of paging monitoring occasions become quite complicated, additional parameters have been introduced except for the parameters inherited from EUTRA. Let’s take the parameter PF-offset as an example. The parameter PF-offset is introduced to enable different cells to configure paging occasion starting in different radio frame. Then for UE with dual USIMS, whether paging collision occurs is also related to the configured PF-offset of the two cells camped by the UE. The PF-offset for different cells are different and may cause paging collision in different paging monitoring occasions during UE mobility. 
Figure-1 and Figure-2 show an example where the paging collision between another pair of cells camped by the UE re-occurs after changing paging monitoring occasion to avoid paging collision between one pair of cells camped by the UE.  
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Figure-1 Paging collision solved by changing paging occasion monitoring
As shown in the left part of Figure-1, the cell1 belongs to PLMN1 and cella belongs to PLMN2. In 160ms, there are two POs(PO1 and PO2) in cell1, while only one PO(POa) in cella. The UE, with dual USIMs, camps on cell1 and cella. The UE is configured to monitor paging once in each PLMN (e.g. at PO1 in cell1 and POa in cella) in 160ms. Obviously, paging collision occurs. 

If the UE changes to PO2 to monitor PLMN1 cell1, which is shown in the right part of Figure-1, the paging collision is eliminated between cell1 and cella. But if the UE move out of cell1 or cellb, the paging collision may still occur. 
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Figure-2 Paging collision re-occurs after UE moving

As shown in Figure-2, UE moves into the cell2 and cellb. The PF-offsets for cell2 and cellb are different from those of cell1 and cell a, which makes the PO2 and POa which UE monitoring collide again. 

In additional to PF-offset, the parameters such as firstPDCCH-monitoringOccasionOfPO, pagingSearchSpace, SSB number and ssb-PositionsInBurst, uplink symbol and flexible symbol also affect the PO calculation. Therefore, it is hard for CN to choose a proper UE ID to ensure the paging collision not occurs, since the radio frame/slot a PO mapped to in Uu is highly dependent on RAN configuration in NR. 

Observation1: The paging collision issue of NR is more complicated than that of EUTRA and it is highly depends on RAN configuration. It is difficult for SA2 to solve the paging collision issue alone.

2) TDM pattern (for delivering paging destined to USIM A while the UE is actively communicating with USIM B)
For a UE with single Tx/Rx, i.e. only single downlink and uplink RF chain, the UE has to retune its RF chain to different frequency/cells by TDM pattern to receive the data and paging if the UE has gotten the RRC contention with PLMN1 cell and stay the idle or inactive state in PLMN 2 cell. When the UE changes its RF to another system some synchronization procedures have to be done like AGC adjustment, SSB measurements etc. In NR system, both paging and SSB have quite diversity configuration in different cells because different cells may have different numerologies and RAN specific configuration. It is better to let RAN to consider how the TDM pattern looks like. 
Observation2: In NR system, both paging and SSB have quite diversity configuration in different cells because different cells may have different numerologies and RAN specific configuration. It is difficult for SA2 to decide TDM pattern for multi-SIMs alone.

[image: image3.emf]PDCP

RLC

MAC

PHY

RF chain

Single connection in RRC 

connection state in PLMN1 Cell

Paging reception in  

Idle/inactive RRC state in 

PLMN2 Cell

 single down link and uplink 

capability UE

Cell of PLMN1 Cell of PLMN2

Change RF chain in PLMN1 Cell Change RF chain in PLMN2 Cell

TDM pattern


Figure 3: TDM pattern
3) Dual connection case
In NR system, Dual connection is supported, e.g., EN-DC, NE-DC, NR-NR DC. Even the UE has dual down link and uplink RF chain, we still find the issues for working in different cell simultaneously. For example, the UE uses one RF chain to receive data in PLMN1 cell, uses another RF chain to receive the paging in PLMN2 cell, if the PLMN1 cell configures the UE to dual connection from single connection, it means two RF chain are occupied by PLMN1 cell, there is no RF chain for PLMN2 cell for paging reception. It is better to let RAN to study on the dual connection case.
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Figure 4: Scenarios of dual connection
Observation3: In NR system, dual connection scenario also impacts on the Multi-SIM work. It is better to let RAN to study on the dual connection case.
3 Conclusion
Observation1: The paging collision issue of NR is more complicated than that of EUTRA and it is highly depends on RAN configuration. It is difficult for SA2 to solve the paging collision issue alone.

Observation2: In NR system, both paging and SSB have quite diversity configuration in different cells because different cells may have different numerologies and RAN specific configuration. It is difficult for SA2 to decide TDM pattern for multi-SIMs alone.

Observation3: In NR system, dual connection scenario also impacts the Multi-SIM work. It is better to let RAN to study on the dual connection case.
Proposal: With regard to observations listed above, SA2 needs to coordinate with RAN for the multi-SIMs study. It is proposed to make RAN to involve into the study as soon as possible, e.g. via liaison.
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