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1   Executive summary
Multi-USIM devices (UEs) have been in the market for many years however, up until now such devices, from standard perspective, have been considered as separate UEs. It has been up to the industry to develop proprietary solutions; some devices have dual Tx/Rx and others, to the extreme, operate with single Tx/Rx.  With a variety of implementations, a number of operational problems occur.  SA2, Study on system enablers for Multi-USIM devices in Rel-17 has been agreed in [1], to address some of these operational problems.
The objectives in the SA2 study [1] 
 assume some potential RAN involvement; however, the SA2 study has not considered all possible problem areas.  RAN should also undertake its own SID into support for multi-SIM.  The areas that RAN should investigate may or may not require some initial involvement from SA groups.  Table 1 summarises these 2 sets of items.  Further items may require RAN involvement after email discussion.
	Items/scenarios that require SA involvement or overlap with SA
	Items/scenarios that do not require SA involvement or is not covered by SA

	Paging collision  (the first case in section 2.1)
	Dual connectivity case for one USIM (the third case in section 2.1)

	Delivering paging destined to USIM A while the UE is actively communicating with USIM B(the second case in section 2.1)
	Both USIMs are in RRC connection (voice +data) (the fourth case in section 2.1)
· Power control 

· Capability sharing

	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 access the 3GPP system associated with USIM B ( in SA2 SID, we also suggest studying it in RAN)
	Cell selection and reselection enhancement for one operator( the fifth case in section 2.1)


Table 1: RAN Multi SIM study areas
The following conclusions are drawn from the paper: 

I. an email discussion should be started June 2019 to flush out the SID scope by identifying what items need SA involvement and what items that do not; and 

II. a SID should be submitted to RAN#86 based on the email discussions outcome.  The SID will cover 2 sets of objectives, those that require SA groups involvement and those items that do not. RAN should consider starting work 1/2Q2020 on the later items first and then start on those items that require SA direction when SA groups work has matured enough
.

2   Introduction
In SA2, Study on system enablers for Multi-USIM devices in Rel-17 had been agreed in [1], from which some objective description is pasted below. 

	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.


In this contribution, we will further analyse some potential Multi-SIM operation issues that necessitate RAN involvement to trigger a RAN leading Multi-SIM operation study and conclude with some suggestion.  
3   Discussion

2.1 RAN impacts 
In this section, we discuss different Multi-SIM issue cases that have specific RAN impact.

2.1.1 Part 1: Cases covered by SA2 SID and require RAN2 involvement 

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 E-UTRA, 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 flexibly than E-UTRA. But, the inputs for calculation of paging monitoring occasions become quite complicated. Besides some parameters inherited from E-UTRA, additional parameters have been introduced. For example, the parameter PF-offset is introduced to enable different cells to configure paging occasion starting in different radio frame. For UE with dual USIMS, whether paging collision occurs is also related to the configured PF-offset of the two cells the UE camped on. 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 one pair of cells the UE camped on re-occurs after changing paging monitoring occasion to avoid paging collision between another pair of cells the UE camped on.   
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Figure-1 Paging collision solved by changing paging occasion monitoring
As shown in the left part of Figure-1, 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 can occur. 

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 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 resulting in UE monitoring to collide again for PO2 and POa. 

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 that paging collision would not occur, since the radio frame/slot a PO mapped to Uu is highly dependent on RAN configuration in NR. 

Observation 1: The paging collision issue of NR is more complicated than that of E-UTRA and it is highly depends on RAN configuration. It is difficult for SA2 to solve 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, if the UE has established RRC connection with PLMN1 cell and stay to idle or inactive state in PLMN 2 cell the UE has to retune its RF chain to different frequency/cells by TDM pattern to receive data and paging. When the UE changes its RF to another system, some synchronization procedures, like AGC adjustment, have to be done, SSB measurements etc. In NR system, both paging and SSB have quite diverse 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 diverse configuration in different cells because different cells may have different numerologies and RAN specific configuration. It is difficult for SA2 alone to decide TDM pattern for multi-SIMs.
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Figure 3: TDM pattern
3) Dual connectivity case
In NR system, Dual connectivity is supported, e.g., EN-DC, NE-DC, NR-NR DC. Even if the UE has dual down link and uplink RF chain, there is still some 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 paging in PLMN2 cell, if the PLMN1 cell configures the UE with dual connectivity 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 would be better if RAN can study Multi-SIM operation for dual connectivity case.
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Figure 4: Scenarios of dual connection
Observation3: In NR system, dual connectivity scenario also has impacts on the Multi-SIM operation. It would be better if RAN can study Multi-SIM operation for dual connectivity case.
2.1.2 Part 2: Cases not covered by SA2 SID. 

4) Dual RRC connection 
For the UE which has dual Rx / dual Tx can communicate with two systems, one communication is for voice service another communication is for data service. The UE power control and capability coordination should be studied based on the different hardware sharing. If USIM B is RRC idle state all RRC connection UE capability or power should be applied in USIM A. If both USIM A and USIM B are in RRC connection state, some RRC connection UE capability and power should be shared between USIM A and USIM B.

[image: image5.emf]PDCP

RLC

MAC

PHY

RF 

chain

PDCP

RLC

MAC

PHY

RF 

chain

Single connection in 

RRC connection state in 

PLMN1 Cell1

 Idle/inactive RRC state 

in PLMN1 Cell2

 Dual down link and 

dual uplink capability 

UE

PDCP

RLC

MAC

PHY

RF 

chain

PDCP

RLC

MAC

PHY

RF 

chain

Single connection in 

RRC connection state in 

PLMN1 Cell1

 Dual down link and 

dual uplink capability 

UE

Single connection in 

RRC connection state in 

PLMN1 Cell2

UE capability and power control  


Figure 5: dual RRC connection case
Observation4: SA2 SID does not cover sharing power and UE capability between multi-SIMs if both SIMs are in RRC connection state.
5) Cell selection and reselection enhancement 
Totally independent cell selection/reselection for different USIMs will waste the UE power and may extend the cell selection/reselection time extremely for a multi-USIM device implementation which uses common radio and baseband components. If two different USIM cards belong to the same operator some coordination should be studied, e.g., the cell selection and reselection of secondary SIM always follow the cell selection and reselection of primary SIM.

[image: image6.emf]Cell1 of PLMN1 Cell2 of PLMN1

Cell 1 with PLMN1 Cell 2 with PLMN1

SIMB always 

follows SIMA in 

Intra-MNO case

PDCP

RLC

MAC

PHY

RF chain

 single down link and uplink 

capability UE

Cell selection and Paging 

reception in  Idle/inactive RRC 

state in  Cell1 with PLMN1

Cell selection and Paging 

reception in  Idle/inactive RRC 

state in  Cell2 with PLMN1

PDCP

RLC

MAC

PHY

RF chain

 single down link and uplink 

capability UE

Cell selection and Paging 

reception in  Idle/inactive RRC 

state in Cell1 

Only Paging reception in  

Idle/inactive RRC state in Cell1


Figure 6: cell selection enhancement 
Observation5: SA2 SID does not cover Cell selection and reselection enhancement for same MNO.
2.2 Procedure suggestion in RAN
Based on the analysis and observations in section 2.1, for some cases which are identified by SA2 SID, RAN2 should be involved as early as possible because SA2 cannot find RAN specific impact.  In addition, it is observed that some cases are not covered by SA2 SID, i.e., both SIMs are RRC connection state case and cell selection/resection enhancement from same MNO. Therefore, at Rel-17 early stage, RAN involves the study will be beneficial for Rel-17 Multi-SIM overall study, as well as ensuring the good and health progress of Multi-SIM standardization in Rel-17. 
Proposal: RAN initiates the email discussion after June plenary on multi-SIM study in RAN with following objectives

· Identify the RAN impacts due to the scenarios/use cases covered by SA2 SID for multi-SIM devices.
· Identify additional scenarios/use cases to be studied in RAN for multi-SIM devices.
· Formulate the scenarios/use cases into those that require SA involvement and those that do not.
· Discuss the potential RAN study objectives and coordination with SA.
4   Conclusion
In this contribution, we discuss the Multi-SIM from RAN perspective, with the following observations and proposal: 

Observation 1: The paging collision issue of NR is more complicated than that of E-UTRA and it is highly depends on RAN configuration. It is difficult for SA2 to solve paging collision issue alone.
Observation2: In NR system, both paging and SSB have quite diverse configuration in different cells because different cells may have different numerologies and RAN specific configuration. It is difficult for SA2 alone to decide TDM pattern for multi-SIMs.

Observation3: In NR system, dual connectivity scenario also has impacts on the Multi-SIM operation. It would be better if RAN can study Multi-SIM operation for dual connectivity case.
Observation4: SA2 SID does not cover sharing power and UE capability between multi-SIMs if both SIMs are in RRC connection state.
Observation5: SA2 SID does not cover Cell selection and reselection enhancement for same MNO.

Proposal: RAN initiates the email discussion after June plenary on multi-SIM study in RAN with following objectives

· Identify RAN impacts due to the scenarios/use cases covered by SA2 SID for multi-SIM devices.
· Identify additional scenarios/use cases to be studied in RAN for multi-SIM devices.
· Formulate the scenarios/use cases into those that require SA involvement and those that do not.
· Discuss the potential RAN study objectives and coordination with SA.
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