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1 Introduction

In RAN#86, a new WID of support for Multi-SIM devices in Rel-17 is approved [1]. The scope of the WI only covers the use cases for Multi-SIM devices with single Tx/ dual Rx and single Tx/ single Rx capability. Dual Rx/ dual Tx is excluded from the WI for lack of time budget. However, plenty of companies thought further standardization work on dual Tx/ dual Rx Multi-SIM devices are needed in future release. In this contribution, we will discuss some use cases of dual Tx/ dual Rx Multi-SIM devices and the key issues need to be addressed. In addition there are some leftover issues excluded from rel 17 WI which we think should be further considered in release 18. 
2 Discussions
2.1 Enhancement on dual Tx/ dual Rx Multi-SIM devices
In 5G generation, devices are equipped with more antennas and RF chains to support uplink/downlink MIMO, DC and CA as to meet the requirement of eMBB services. 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 UE, it can easily support dual Tx/ dual Rx for Multi-SIM operation by sharing one Tx and multiple Rx chains between two USIMs dynamically, and therefore provide a better user experience. 
One typical 5G Multi-USIM UE RF structure is as figure 1 (only the transmission chains are depicted which has main effect on the feature of dual Tx/ dual Rx). The UE is equipped with two RF transmission chains which can transmit simultaneously.  RF transmission chain 1 is used for NR transmission and RF transmission chain 2 is shared between NR transmission for USIM-1 and LTE transmission for USIM-2. When only USIM-1 is in RRC connection status, both RF chain 1 and RF chain2 are working for NR to support 2Tx in NR SA mode. When both USIM-1 and USIM-2 are in RRC connection status, RF chain2 are occupied by USIM-2 and USIM-1 fall back to 1Tx in NR SA mode.
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Figure 1 Multi-USIM UE supporting dual Tx/ dual Rx on NR SA network and LTE network
Another example is as figure 2, 5G Multi-USIM UEs with USIM-1 working on NSA mode and USIM-2 camped on LTE. UE may share one RF transmission chains between NR SN on USIM-1 and LTE on USIM-2. When USIM-2 is service activated, the shared RF transmission chain is switched to USIM-2 for LTE usage and USIM-1 has to release NR SN connection.
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Figure 2 Multi-USIM UE supporting dual Tx/ dual Rx on NSA network and LTE network
2.1.1 Use cases

We depict some use cases to show the advantage of Multi-SIM device supporting dual Tx/ dual Rx for its better user experience and promising application in near future.
Scenario1: UE is performing data services in USIM-1 and USIM-2 has an incoming call.

In this scenario, single Tx/ single Rx or single Tx/ dual Rx UE has to suspend data services in USIM-1 and respond to the call in USIM-2. However, dual Tx/ dual Rx UE can tune away 1 Tx chains to USIM-2 and keep 1Tx in USIM-1 which means data services can be maintained with reduced data rate in uplink. Our lab test result shows that dual Tx/ dual Rx Multi-SIM UEs can keep peak data rate in down link and ~50% of the peak data rate in uplink during voice service concurrent in another USIM.

Scenario2: UE has a voice call ongoing in USIM1 and USIM 2 has an incoming call.

In this scenario, single Tx/ single Rx or single Tx/ dual Rx UE usually won’t response to the call paging to avoid any interruption on the ongoing voice service. However, dual Tx/ dual Rx UE can respond to the paging and set up a connection to get the service information and let the users to decide which call to continue. 
Scenario3: Vehicle moves into an area where USIM-1 has bad service quality and USIM-2 has good service quality. 
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Figure 3.  dual Tx/ dual Rx Multi-SIM module can keep connection with two network

In this scenario, Multi-SIM vehicle module with dual Tx/ dual Rx capabilities can set up connections with both NW-1 and NW-2 and application can route data packets through either or both network according to the network service quality. The server finally aggregates the packets from NW-1 and NW-2 in application layer. Based on two connection legs with two different networks the data reliability is highly secured.

Scenario4: Multi-SIM UEs support RCS message (Rich communication services) with both USIMs has to keep two RCS link alive.

Traditional short message will gradually evolve to RCS message (rich communication message)  defined by GSMA, which enable the users to exchange multimedia contents such as picture, video, audio and file via operators’ IMS core network. The UE has to keep alive for RCS message every three to five minutes. In addition, if RCS message service in USIM-1 and USIM-2 are frequently activated like wechat and whatsAPP, it is better for UE to keep connection with both NW-1 and NW-2. 
Observation 1: It is cost efficient for 5G UEs to support dual Rx/ dual Tx by sharing RF chains between two USIMs which can provide better user experience.
Proposal1: Consider enhancement for Multi-SIM devices supporting dual TX/ dual Rx in a Rel-18 WI.
2.1.2 Key issues
Here we list the key issues that need addressed for Multi-SIM UEs supporting dual Tx/ dual Rx.
Key issue1: UE capabilities are impacted when it tune away partial of Tx or Rx chains from NW-1 for connected mode activates in USIM-2. 
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 Tx/ dual Rx.
 When both USIM-1 and USIM-2 are in RRC CONNECTED state, UE has to tune away one Tx chain from USIM-1 to USIM-2 and the USIM-1 has to change from 2Tx to 1Tx in uplink. Therefore, the following UE capabilities may be impacted: 
· maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH
· supportedSRS-TxPortSwitch : 
· maxNumberSRS-Ports-PerResource, 
· CA band combination and DC band combination
When USIM-1 is in connected mode with SCG activated and USIM-2 also enter RRC CONNECTED state, UE has to tune away one Tx chain from USIM-1 to USIM-2. The USIM-1 will encounter a SN failure. 
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. Therefore, UE Rx related capabilities such as maxNumberMIMO-LayersPDSCH may also be impacted. 
Observation 2: UE capabilities such as MIMO layers, SRS transmitting, DC/CA combinations will be impacted when it tune away partial of Tx or Rx chains for connected mode activities in another USIM.

However, it is not supported to update the UE capabilities for these cases in current spec and it is all up to UE and network implementation. We have already seen some interoperability issues for these cases in real network. Some UEs may split its capabilities between two networks e.g. reduced capabilities associated with one USIM to 1Tx/2Rx when inserted with two USIMs which we think is an inefficient way and scarified user experience. For the UE that report maximum capabilities in both NW-A and NW-B which will definitely cause interoperability issue as it is inconsistence with the standards.
Proposal 2: Specify mechanism for UE to notify Network A of its update in capabilities when it tunes away partial of Tx or Rx chains for Multi-SIM purpose. 
Proposal 3: Specify mechanism for UE to request SCG release/suspension or Scell deactivate for Multi-SIM purpose.
Key issue2: UE transmitting power may be impacted for UL power sharing between two USIMs . 

As restrained by the SAR or other RF requirements, the UE may not be able to support transmitting with maximum output power when both USIMs are active. If the uplink transmitting power is dynamically shared by two USIMs, when dual Tx/ dual Rx UE are in RRC connected status in both USIMs and transmitting simultaneously with two networks, the available transmitting power may not fulfil the required transmitting power in both USIMs. Therefore, the UE has to reduce transmitting power in one USIM or even drop connection in some extreme case. The UE behaviour should be predictable to network.
From our point of view, when the required transmitting powers in both USIMs exceed the maximum power UE can afford, a mechanism should be defined for UE to report its actual supported maximum output power dynamically. UAI or PHR procedure can be re-used for this purpose, but some extension to existing mechanism is needed. For the case that UE drop connection because out of power, switching procedure defined in R17 can be reused.
Proposal 4: Further discuss on uplink power sharing issues and to specify a mechanism to inform network of the UE reduction on uplink output power dynamically.
Key issue3: Interference between different USIMs 


Due to new band combinations introduced by different USIMs combination, the interference issues are more completed for dual Tx/ dual Rx multi-SIM UEs. There are new carrier combinations including high frequency & high frequency, high frequency and low frequency, low frequency and low frequency. (high frequency, such as n77,n78,n79 and low frequency, such as n28,n5,n8) which may lead to interference including harmonic, harmonic mixing, cross band isolation, inter-modulation, counter inter-modulation. For interference UE cannot solved by itself, a solution as NR IDC mechanism can be introduced. 
Proposal 5: For interferences between different USIMs, specify an interference control scheme if needed.

2.2 Enhancement on scheduling gaps 
In Rel 17 multi-SIM WI, RAN2 support switching without leaving connected state. Only normal periodic gap and normal aperiodic gap are supported for this scenario. UE cannot transmit or receive during the normal periodic/aperiodic gap duration. However, UE support single Tx/ dual Rx tunes away partial of Rx chains to USIM-B for paging reception, measurement or SI receiving which means that they can still perform transmission and receiving on USIM-A with reduced capabilities. If UE support single Tx/ dual Rx applies normal gaps as single Tx/ single Rx multi-SIM UEs when leaving for paging reception measurement or SI receiving, it lose the performance gain brought by dual Rx. If UE single Tx/ dual Rx tune away without gap negotiation, it will encounter demodulation failure during the gap and may even cause the network error estimation of channel condition.
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Figure 4. Single Tx/ dual Rx Multi-SIM device can transmit and receive with reduced capabilities when tune away partial Rx chains for short time activities
Proposal 6:  Consider enhancement on scheduling gap to enable UE reception/transmission with reduced capabilities.
1 Conclusions

In this contribution, we discuss the enhancements on Multi-SIM devices supporting dual TX/ dual Rx in Rel-18. We have the following observations and proposal.
Observation 1: It is cost efficient for 5G UEs to support dual Tx/ dual Rx by sharing RF chains between two USIMs which can provide better user experience.
Observation 2: UE capabilities such as MIMO layers, SRS transmitting, DC/CA combinations will be impacted when it tune away partial of Tx or Rx chains for connected mode activities in another USIM.

Proposal 1: Consider enhancement for Multi-SIM devices supporting dual TX/ dual Rx in a Rel-18 WI.

Proposal 2: Specify mechanism for UE to notify Network A of its update in capabilities when it tunes away partial of Tx or Rx chains for Multi-SIM purpose.
Proposal 3: Specify mechanism for UE to request SCG release/suspension or Scell deactivate for Multi-SIM purpose
Proposal 4: Further discuss on uplink power sharing issues and to specify a mechanism to inform network of the UE reduction on uplink output power dynamically.
Proposal 5: For interferences between different USIMs, specify an interference control scheme if needed.

Proposal 6: Consider enhancement on scheduling gap to enable UE reception/transmission with reduced capabilities.
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