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Introduction
Multi-SIM devices have proven to be very popular in certain cellular markets owing to the flexibility it provides to the user to manage multiple SIM subscriptions in the same physical device. Different flavours of Multi-SIM implementation are commercially available, based on the Radio Access Technology combinations that each SIM instance can support, or based on the number of concurrent Transmit and/or Receive chains that are possible to be handled. 
Until 3GPP R17, commercially available Multi-SIM solutions are primarily based of UE proprietary implementations, leading to varied UE side behaviour and inconsistent user experience. A new work item on standardizing Multi-SIM behaviour was approved [1] and this work item covers one of the important aspects of Multi-SIM which deals with IDLE/INACTIVE mode Page Collision avoidance between the Multi-SIM instances.
As indicated before there can be multiple flavours of Multi-SIM implementation. Specifically based on the number of concurrent Transmit and/or Receive chains that are possible, the following combinations are most prevalent UE architecture for Multi-SIM. Note for the case of generality the paper refers to Multi-SIM, but commercial UE implementations typically have two SIM instances (Dual-SIM).
· Single-Rx / Single-Tx
· One single Rx/Tx that is shared across the two SIM instances, allowing the MUSIM UE to receive traffic from only one network at a time and transmit traffic to only one network at a time.
· Dual-Rx / Single-Tx
· Each SIM instance has its own dedicated Rx, and One single Tx chain that is shared across the two SIM instances, thereby allowing the MUSIM UE to receive traffic from both networks at a time and transmit traffic to only one network at a time.
· Dual-Rx / Dual-Tx
· Each SIM instance has its own dedicated Rx and Tx, thereby allowing the MUSIM UE to transmit and receive traffic to their respective networks simultaneously. 
In the context of the current discussion, we will analyse the issue of IDLE/INACTIVE mode Page Collision for Single-Rx / Single-Tx MUSIM UEs and proposals to mitigate them.
[bookmark: _Toc242573354]Discussion
The issue of IDLE/INACTIVE mode Page Collision is presented as Key Issue#2 in [2], which in turn maps to the following WID objective in [1]
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.
As seen from the work item objective, due to the independent nature in which the Paging Occasions are configured for each SIM instances, there can be cases in which the Paging Occasion of one SIM instance overlaps (either in full or in part) with the Paging Occasion of the second SIM instance. In such cases of Paging Occasion overlap, the MUSIM UE has to prioritize paging on one SIM instance over the other. Such random prioritization might lead to a missed page event, for example when the de-prioritized paging occasion was for a MT call, while the prioritized paging occasion was for downlink data.
In such cases, it is imperative that there has to be some kind of agreed protocol between MUSIM UE and the respective networks to address the issue of paging collision in IDLE/INACTIVE states. For the network(s) to understand such page collision requirements from the MUSIM UEs, it is important for the NW to understand that the UE is an MUSIM device. This will allow the networks to assist the MUSIM UE with specific signalling to address/mitigate MUSIM concurrency issues. To that effect, it is proposed that MUSIM UEs can indicate their MUSIM capability to the network.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Observation 1: To address MUSIM concurrency issues like IDLE/INACTIVE Paging Collision, it is beneficial for the UE to indicate its MUSIM capability to network, to help in proper coordination between UE and network to help in MUSIM conflict mitigation.
Proposal 1: UEs can indicate their MUSIM capability to NW as part of its UE Capability.
A MUSIM UE camped in IDLE/INACTIVE mode with network A on detecting a Page Collision (with the other SIM instance on network B) need to indicate the collision status to its network A to trigger mitigation to resolve the collision scenario. This is expected to result in a device specific configuration which will result in the Paging Collision being resolved. Since the MUSIM device is on IDLE/INACTIVE mode on network A, it has to transition to CONNECTED mode with network A to trigger the MUSIM Paging Collision mitigation request. To that effect, it is proposed that the existing UE ASSISTANCE INFORMATION framework is extended for MUSIM use cases to allow for all aspects of MUSIM specific signalling with the network.
Observation 2: A set of MUSIM specific signalling with the network is required to help in conflict mitigation including Paging Collision avoidance. 
Proposal 2: The existing UE ASSISTANCE INFORMATION framework can be extended for MUSIM use case to allow for all aspects of MUSIM specific signalling with the network. 
For Inter-PLMN cases, wherein each instance of the MUSIM UE are camped on two different networks (network A and network B), the MUSIM UE on detecting a page collision scenario, can request the network on which it is camped (A) to alter the current IDLE/INACTIVE mode paging configuration with an intent to resolve its Paging Collision with the other network (B). There are different options that can be used to achieve this.
Option A1: The MUSIM UE can request network A for a suitable offset to its paging occasion. This value of this offset can be chosen from a set of pre-defined offsets which are statically defined or dynamically indicated by the network. 
Option A2: The MUSIM UE can indicate the conflicting page configuration of the other network (B) to its current serving network (A), so that network A can suitably re-configure the paging for UE on network A.
Option A3: The MUSIM UE can request its network (A) for a new assignment of the temporary ID (UE_ID or 5G-STMSI) based on which it can recompute its paging configuration to a new non-conflicting paging configuration with the other network (B)
Option A4: The MUSIM UE can request its camped network for its paging repetition (either the pattern of paging repetition from the network or repeat the paging for a certain number of repetitions), so that the UE can skip the conflicting paging occasion with the prior knowledge that the network would repeat the page in the immediate future paging occasion.
Observation 3: For Inter-PLMN cases, the MUSIM UE in coordination with the networks can use different techniques to help in resolving the IDLE/INACTIVE Paging Collision across the two SIM instances.
Proposal 3: MUSIM UE can request for a pre-defined offset to the paging occasion to resolve the paging collision.
Proposal 4: MSUIM UE can indicate to its current network (A), the conflicting page configuration of the other network (B) to help the current network (A) determine the optimal offset for Paging Collision avoidance.
Proposal 5: MUSIM UE can request to its current network (A), a reassignment of the temporary ID (UE_ID or 5G-STMSI) to recompute the paging configuration to a non-conflicting configuration with network (B).
Proposal 6: MUSIM UE can request for the paging repetition (pattern or number of such repetitions) from its current camped network (A) , so that it can decide if and when to skip a conflicting page occasion.
For Intra-PLMN cases, wherein each instance of the MUSIM UE are camped on same networks (network A) on either home/home or home/roam configuration, the MUSIM UE on detecting a page collision scenario, can request the network on which it is camped (A) to alter the current IDLE/INACTIVE mode paging configuration with an intent to resolve its Paging Collision with the other SIM instance, which is also camped on the same network (A). 
The MUSIM UE can indicate the set of UE_IDs (two in this case) to the network (A) and specify a primary (or preferred) UE_ID at which the network can do the co-ordinated paging for both SIM instances. From the network side, since it is going to use the same (preferred) UE_ID, it can ensure that it does not page both SIM instances at the same time. Network can use a single bit indication to indicate if the incoming paging is for the other SIM instance. From the MUSIM UE side, it can only wake up once during the IDLE/INACTIVE mode to monitor paging for both SIM instances, leading to longer duration of IDLE/INACTIVE sleep. MUSIM UE implementation can internally forward the incoming page to the correct SIM instance based on the single bit indication received in the incoming paging message.
Observation 4: For Intra-PLMN cases, the MUSIM UE in coordination with the network can request the network for co-ordinated paging to help in resolving the IDLE/INACTIVE Paging Collision across the two SIM instances.
Proposal 7: MUSIM UE can indicate the set of UE_IDs to the network (A) and specify a primary or preferred UE_ID at which the network can do the co-ordinated paging for both SIM instances. Network can use a single bit indication to indicate if the incoming paging is for the other SIM instance.

Conclusion
[bookmark: _Toc242573361]Observation 1: To address MUSIM concurrency issues like IDLE/INACTIVE Paging Collision, it is beneficial for the UE to indicate its MUSIM capability to network, to help in proper coordination between UE and network to help in MUSIM conflict mitigation.
Proposal 1: UEs can indicate their MUSIM capability to NW as part of its UE Capability.
Observation 2: A set of MUSIM specific signalling with the network is required to help in conflict mitigation including Paging Collision avoidance. 
Proposal 2: The existing UE ASSISTANCE INFORMATION framework can be extended for MUSIM use case to allow for all aspects of MUSIM specific signalling with the network. 
Observation 3: For Inter-PLMN cases, the MUSIM UE in coordination with the networks can use different techniques to help in resolving the IDLE/INACTIVE Paging Collision across the two SIM instances.
Proposal 3: MUSIM UE can request for a pre-defined offset to the paging occasion to resolve the paging collision.
Proposal 4: MSUIM UE can indicate to its current network (A), the conflicting page configuration of the other network (B) to help the current network (A) determine the optimal offset for Paging Collision avoidance.
Proposal 5: MUSIM UE can request to its current network (A), a reassignment of the temporary ID (UE_ID or 5G-STMSI) to recompute the paging configuration to a non-conflicting configuration with network (B).
Proposal 6: MUSIM UE can request for the paging repetition (pattern or number of such repetitions) from its current camped network (A) , so that it can decide if and when to skip a conflicting page occasion.
Observation 4: For Intra-PLMN cases, the MUSIM UE in coordination with the network can request the network for co-ordinated paging to help in resolving the IDLE/INACTIVE Paging Collision across the two SIM instances.
[bookmark: _GoBack]Proposal 7: MUSIM UE can indicate the set of UE_IDs to the network (A) and specify a primary or preferred UE_ID at which the network can do the co-ordinated paging for both SIM instances. Network can use a single bit indication in the paging message to indicate if the incoming paging is for the other SIM instance.
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