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1 Introduction

In RAN#86, a new WID of support for Multi-SIM devices in Rel-17 is approved [1]. One of the objectives of the WI is:

1) 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
The discussion started from RAN2#112-e. During the discussion, companies proposed two scenarios related to the objective above. 
· Scenario 3: UE in RRC CONNECTED state in network A and needs to switch to network B and hence change its RX capability in NW A) is considered in this WI.
· Scenario 4: UE in RRC CONNECTED state in network A and needs to switch to network B and hence change its Tx capability in NW A, such as dual connectivity.
From operator’s point of view these two scenarios need to be considered in Rel 17.
2 Discussions

The scenario 3 and scenario 4 mainly apply to Multi-SIM UEs supporting dual Rx/ dual Tx. This kind of UEs can support both USIMs in connected state e.g. UE can perform data service in USIM-A without interrupting voice call in USIM-B, therefore guaranty a better user experience.
In 5G generation, we can foresee more and more devices support dual Rx/ dual Tx for multi-SIM as a result of the increase in numbers of UE Tx chains. It is common for 5G devices to support SA 2Tx/4Rx and NSA dual connection, which requires the RF module to support at least 2 Tx chains and 4 Rx chains working concurrently. For this kind of UEs, it is cost efficient to support Dual Tx/ Dual Rx for Multi-SIM operation by sharing one Tx and multiple Rx chains between two USIMs dynamically. 
Observation 1: Multi-SIM UEs support dual Rx/ dual Tx by sharing one Tx and multiple Rx chains between two USIMs will be more and more popular in 5G generation.
Proposal 1: Multi-SIM UEs support dual Tx/ dual Rx with shared Tx or Rx chains between two USIMs is considered in Rel 17. 
As the number of Tx chains supported by UE is limited, sharing one Tx chain between two USIMs is a very common solution to realize dual Rx/ dual Tx. Here we will analyse two typical use cases related to scenario 4 first.

Case 1: Multi-SIM UE supports 2 Tx in NR SA with one Tx sharing between USIM-A and USIM-B. 
The UE is equipped with two Tx chains which can transmit simultaneously. Tx chain 1 is used for NR transmission and Tx chain 2 is shared between USIM-A for NR transmission and USIM-B for LTE transmission. When USIM-A is in NR RRC CONNECTED state and USIM-B is in RRC idle state, both Tx chain 1 and Tx chain 2 are occupied by USIM-A to support 2 Tx in NR SA mode. When both USIM-A and USIM-B are in RRC CONNECTED state, UE has to tune away one Tx chain from USIM-A to USIM-B and the USIM-A has to change from 2Tx to 1Tx in uplink. When UE has finished service in USIM-B and return to idle mode the UE can tune back the Tx chain 2 to USIM-A. 

Case2: Multi-SIM UE supports NSA with one Tx sharing between USIM-A and USIM-B. 
UE share one of the Tx chains between NR SN on USIM-A and LTE on USIM-B. When USIM-A is in NR RRC CONNECTED state and USIM-B is in idle mode, both Tx chains are occupied by USIM-A to enable EN-DC. When both USIM-A and USIM-B are in RRC CONNECTED state, UE has to tune away one Tx chain from USIM-A to USIM-B and USIM-A has to release NR SN connection.
For these two use cases above, UE capabilities in USIM-A change as UE tune away one Tx chain to USIM-B when USIM-B goes into RRC CONNECTED state. However, it is not supported to update the UE capabilities for these cases in rel 16 and it is all up to UE and network implementation. We have already seen some interoperability issues for these cases. 
Currently, different UEs behaviour varies a lot. In some solution, Multi-SIM UEs will report capabilities of 2Tx and network will configure two layers for uplink if the channel condition is good enough. When the USIM-B initiates a service and has to communication with the network, the UE just tune away 1 Tx chain from USIM-A to USIM-B during the period USIM-B is in connected state. Therefore, the network associate with USIM-A will encounter demodulation failure in uplink and it is up to network implementation to adapt to the changes in uplink ports. Also this will lead to an inaccurate estimation of radio condition in network-A. When UE tune back the Tx chain to USIM-A it is hard for the network to perceive that the number of UE ports are increased especially when SRS is not configured. For fear of the interoperability issues, some Multi-SIM UEs may just report capabilities of 1 Tx to NR SA network sacrificing the data service of USIM-A to support dual Tx/ dual Rx Multi-SIM. However, from our point of view, it is inefficient to statically allocate 1 Tx to USIM-B even when it is in idle mode and the reduce in UE capabilities in USIM-A is unacceptable.  
   Other capabilities such as UL CA may also be influenced when one Tx chain is tune away to USIM-B.
Observation 2: UE capabilities such as uplink MIMO layers, DC, CA will change if UE is in RRC CONNECTED state in network A and needs to switch one Tx chain to network B when USIM-B changes into RRC CONNECTED state.

Proposal 2: For dual Tx/ dual Rx Multi-Sim UE, scenario that UE in RRC CONNECTED state in network A switches partial of Tx chains to network B for activities and hence change its Tx capabilities in NW A is considered. 
Even though UE has much more Rx chains, usually more than 4 Rx chains, it is possible that UE may share partial Rx chains between two USIMs to reduce the cost and size. When UE is in RRC CONNECTED states in USIM-A and in idle mode in USIM-B, the UE may need to tune away partial of Rx chains periodically to monitor paging occasion in USIM-B. We don’t think UE has to update its capabilities in USIM-A in this scenario. UE and network can negotiate a scheduling pattern for periodic tuning away Rx chains. The UE can work with its full capabilities in USIM-A such as 4 layers MIMO in downlink, DC and CA when USIM-B is in idle mode. Here we only discussion the scenario that UE is in RRC CONNECTED states in USIM-A and needs to switch partial of Rx chains to network B for connected mode activities.
Case 1:  If Partial of the 4 Rx chains for NR in USIM-A are sharing with USIM-B. The supported downlink MIMO layers of UE will change in network A when USIM-B enters RRC CONNECTED states.
Case 2: If Partial of the Rx chains for NR SCell in USIM-A are sharing with USIM-B. The supported CC combination of UE will change in network A when USIM-B enters RRC connected states.
   Other capabilities such as DC may also be influenced when Rx chains are tune away to USIM-B.
Observation 3: UE capabilities such as downlink MIMO layers, DC, CA will change if UE is in RRC CONNECTED state in network A and needs to switch partial of Rx chains to network B when USIM-B changes into RRC CONNECTED state.

Proposal 3: For dual Tx/ dual Rx Multi-Sim UE, the scenario that UE in RRC CONNECTED state in network A switches partial of Rx chains to network B for activities and hence change its Rx capabilities in NW A is considered. 

3 Conclusions

In this contribution, we share our views regarding the WI scope of Support for Multi-SIM devices in Rel-17. It is proposed that:

Proposal 1: Multi-SIM UEs support dual Tx/ dual Rx with shared Tx or Rx chains between two USIMs is considered in Rel 17. 
Proposal 2: The scenario that UE in RRC CONNECTED state in network A switches partial of Tx chains to network B for activities and hence change its Tx capabilities in NW A is considered. 
Proposal 3: The scenario that UE in RRC CONNECTED state in network A switches partial of Rx chains to network B for activities and hence change its Rx capabilities in NW A is considered. 
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