3GPP TSG-RAN WG2 Meeting #112e	R2-2009507
Electronic, Nov/02/2020 – Nov/13/2020
	
Agenda Item:	[8.3.4] [Multi SIM][Paging with Service Indication]
Source: 	Apple Inc
Title:  	Motivations for Paging with Service Indication
Document for:	Discussion and Decision
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 Paging with Service Indication
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 need for MT service indication for Single-Rx / Single-Tx and Dual-Rx/Single-Tx MUSIM UEs.
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The issue of handling of mobile terminated service with MUSM is presented as Key Issue#1 in [2], which in turn maps to the following WID objective in [1]
3) Unless SA2 find an alternative solution or decides otherwise , specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR.[ RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
Current paging design in LTE does not distinguish between paging for data or voice use cases, as the voice is also treated as data. In the case of single SIM devices, this was reasonable as the UE would anyway has to respond to the downlink paging irrespective of what reason triggered the incoming page. 
In the case of MUSIM, the incoming paging cause has to be explicitly indicated to allow the MUSIM UEs to prioritize concurrent activities across the SIM instances.
Consider the case of a MUSIM UE, with the first SIM instance (1) connected to network (A) and the second SIM instance (2) connected to network (B). In this particular use case SIM instance (1) is in RRC CONNECTED mode doing an active data transfer, while SIM instance (2) is in RRC_IDLE / RRC_INACTIVE. In this case, the ongoing CONNECTED mode activity on SIM instance (1) is going to be periodically interrupted to accommodate for the IDLE/INACTIVE DRX activity on the SIM instance (2). In addition, if the SIM instance (2) is going to be paged for any downlink activity from the network (B), without indicating the MT service type, then the MUSIM UE has to necessarily suspend the ongoing CONNECTED mode activity on SIM instance (1) and do the legacy page handling on SIM instance (2). If the incoming page on SIM instance (2) was triggered due to some non-voice services like data, then it results in a case of data activity on SIM instance (1) pre-empting the data activity on SIM instance (2). The scenario is aggravated if there was higher priority data activity on SIM instance (1) (e.g. foreground data) which got pre-empted due to the lower priority data activity on SIM instance (2) (e.g. background data).
On the contrary, if the network (B) had indicated if the incoming page was for voice and not data, then the pre-emption of CONNECTED mode activity on SIM instance (1) would have been justified. Thus it is clear that indicating of the incoming MT service would allow the MUSIM UE to prioritize concurrent activities across each SIM instances.
Observation 1: In MUSIM there exists multiple use cases wherein, without the MUSIM UE being indicated of the incoming page cause, an ongoing higher priority activity on one SIM instance would be unnecessarily pre-empted by another lower priority activity on the other SIM instance.
Proposal 1: Incoming MT service should indicate an appropriate paging cause for the benefit of MUSIM UEs to help with concurrent service prioritization.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]In addition to just differentiating between voice and non-voice services in the MT paging cause, it would be beneficial if further granularity is indicated in the paging cause. The motivation being that additional granularity on the paging cause would allow the MUSIM UE to apply further prioritization of concurrent activities across the two SIM instances and optimize the MUSIM UE behavior. For example, if one SIM instance is interested in paging due to particular slice, then only paging originated for that particular slice should be given priority for that SIM instance. 
A sample set of paging causes is as listed below (note that this list is not exhaustive).
	Paging Cause
	Description

	Voice
	Indication that incoming page is for VoLTE or VoNR. For MUSIM UE SIM instance not supporting voice services can ignore this paging cause.

	Data
	Indication that incoming page is for Data. For MUSIM UE SIM instance  supporting only voice can ignore this paging cause.

	RAN initiated paging
	Indication that paging is initiated from RAN. For MUSIM UE SIM instance in RRC IDLE state can ignore this paging cause.

	CN initiated paging
	Indication that paging is initiated from CN. For MUSIM UE SIM instance in RRC INACTIVE state can ignore this paging cause.

	Slicing Info
	Slice ID / NSSAI list. For MUSIM UE SIM instance that is not served by this slice can ignore this paging cause.

	Non-3GPP access
	Indication that this page if for non-3GPP access. For MUSIM UE SIM instance not doing any non-3GPP access can ignore this paging cause



Observation 2: MUSIM UEs stand to benefit to optimize the MUSIM implementation with additional granularity being made available if the MT service cause can be extended to include other paging causes as well
Proposal 2: Include additional paging cause values than simply distinguishing it as Voice and Others.
Conclusion
Observation 1: In MUSIM there exists multiple use cases wherein, without the MUSIM UE being indicated of the incoming page cause, an ongoing higher priority activity on one SIM instance would be unnecessarily pre-empted by another lower priority activity on the other SIM instance.
Proposal 1: Incoming MT service should indicate an appropriate paging cause for the benefit of MUSIM UEs to help with concurrent service prioritization.
Observation 2: MUSIM UEs stand to benefit optimize the MUSIM implementation with additional granularity being made available if the MT service cause can be extended to include other paging causes as well
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