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Abstract: This contribution discusses the necessity of various paging causes.
1 Introduction
During the last meeting, an annex to solution #1 was proposed to specify the paging cause values for some several services. 
Paging causes proposed were as follows:

	Paging cause Value
	Type of downlink traffic

	1
	Voice service.

	2
	SMS

	3
	IMS service other than voice or SMS

	4
	CP signaling.

	5
	Other-data


Additionally a critical services paging causes was also proposed in S2-2004264.
	Paging cause Value
	Type of downlink traffic

	0
	Critical services.

	1 
	Voice service.

	2 
	SMS

	3
	IMS service other than voice or SMS

	4
	CP signaling.

	5
	Other-data


This paper discuss the necessity of the services indicated by paging causes and the impacts to the system.

2 Discussion
Dual SIM Dual Standby (DSDS) has been developed for a long time with many variants, e.g., 2G+2G, 3G+2G, 4G+2G, 4G+3G, 4G+4G. Dual SIM Dual VoLTE (DSDV, i.e. 4G+4G) is a subset of DSDS. The DSDV capable UE supports being attached and registered for IMS in two 4G networks. The scope of the MUSIM SI is based on DSDV feature in the market. 
The DSDV is not a new technology, it has been supported by multiple chipsets since 2017[1][2][3]. For example, The chipset“put dual-card dual-4G dual-VoLTE technology into commercial use. This feature enables both the primary SIM card and the secondary SIM card on a smartphone to support 4G VoLTE calls and provide the same HD voice calls and video calls” [1].
Furthermore, many models of smartphones have supported the DSDV in the market since 2018. These smartphones work without enhancements on the network side. Therefore, the smartphones equipped with the chipsets after 2018 also support the DSDV
Observation 1: A huge number of smartphones in the market have supported dual SIM scenarios in the EPS network since 2018.

The DSDV solution, typically with 1Tx and 2Rx, has been supported by UE implementation. For example, when the UE is paged in the secondary network, the UE can temporarily leave the first network and receive data in the secondary network, then it returns back to the original network and resumes communication. The temporary leave can be relatively short (e.g. 500ms or even less) according to the UE implementation. This appears to the RAN that the UE experiences a short period of bad radio link condition for communication then recovers. For example, the UE continues the communication with the network if the T310 doesn’t expire. Or, the UE considers the radio link fails after the T310 expires, then the UE switches back and initiates random access procedure to reconnects to the LTE RAN. This is the consistent behaviors between UE and the network.
Note: 
T310 is the timer guided the radio link failure. The details description of radio link failure related action is defined in clause 5.3.11, TS 36.331.
In addition, some of the UEs can support receiving data in the secondary network, while maintaining the data connection in first network [5][6]. For example, quoted from [5]
Use VoLTE to Make Calls Voice over LTE 

(VoLTE) is an IP-based data transmission technology that delivers both call and data services over a 4G network. Once VoLTE is enabled, you can make calls while accessing the Internet. If your phone supports dual SIM dual VoLTE, you can receive an incoming call on a SIM card even when the other SIM card is already on a call. [5]
Although the data connection in the secondary network may be limited, it has already resolved issues described in key issue #1.
Observation 2: DSDV has been fully supported by UE implementation. It resolves the issues identified by KI#1 without any enhancements on the network side.
Concerns may be raised about the short leave to secondary network. However, the possibility of a leave is extremely low.
For the dual SIM UEs on the market today, data traffic is bound to the data connection on a single network. As for eMBB service in daily life, the service is always accessible via either of the networks, e.g. the user can always connects to the Facebook or YouTube despite which SIM is being used for data connection. 
So, if the UE receives paging on a second network, it is highly possible that it is VoLTE/SMS/CP signaling. The UE can temperately leave the first network and receives the CP signaling/SMS in the secondary network, which has been discussed above. 
Observation 4: The service provided by the secondary network is highly likely to be only VoLTE/SMS/CP Signaling.
Observation 5: The UE implementation (e.g. short level) can resolve the scenario VoLTE/SMS/CP signaling.
As shown in clause 6.1.4 in TR23.761, heavy impact is introduced in order to support the solution #1. In the 5GS system, AF(IMS network), SMF, AMF, NG-RAN and UE has to be updated. In the EPS system, SGW, MME, eNB and UE have to be updated. 
Observation 6: Introducing paging causes impacts heavily on CN. 
Originally, the MUSIM UE should respond to the paging when it is possible, as the UE doesn’t know what the traffic is. However, by differentiating the paging causes, the UE may decide to respond to the paging or not. If the UE decides not to respond, the CN can’t differentiate the status of the UE. The secondary network has to page the UE until the UE responds or the network considers the UE is not reachable. This paging area would expend from cell, to TA and then TA list, which waste the valuable resource for paging. This is contradicting with the KI itself. 
The present key issue shall study:

-
How to handle the MT service for a Multi-USIM device with the aim of avoiding any unnecessary interruptions of the service in the current system and saving system resources.

-
How to prevent the other system, which triggered the paging message, from performing undesirable operations (e.g. wasting resources, reaching misleading assumption of reachability, etc.).
-
Solutions shall be studied for both EPS and 5GS. For 5GS, the solutions shall consider the cases where the Multi-USIM device in the current system is in either IDLE state or RRC Inactive state.

Observation 7:
The paging causes the UE intentionally not responding the paging, i.e. wastes the network resources of the secondary network.

From the practical usage, one of the typical use case for dual SIM is as follows: while the UE is communicating with first network, which is sensitive from the any kind of coordinative-leave solution, e.g. on-line game, there is an incoming call in the secondary network. 
The enhancement of paging causes can’t resolve this typical use case, neither staying in the first network (i.e. not responding to the IMS call) or switching to the secondary network (i.e. disconnect the online game). Even with the paging cause enhancement (e.g. voice indication), selecting the voice service may not be a complete solution as well, e.g. the incoming is irrelevant telemarketing.
The typical use case can only be solved by the capability of dual connection to both first and secondary network simultaneously, e.g. as shown in some advanced DSDV solutions [5][6].
Observation 8: The paging causes can’t resolve typical use case for Dual SIM UEs. 
Concerns could be raised about there might be a need for simultaneous data connection requested in both networks. The paging cause solutions may help in this situation. 

On one hand, it is not clear and questionable that why simultaneous data connection is needed for the use case listed in the justification [7] of the SID description.
1)
The user has both a personal and a business subscription and wishes to use them both from the same device. This use case has become popular with the BYOD initiatives in the enterprise world.

2)
The user has multiple personal subscriptions and chooses which one to use based on the selected service (e.g. use one individual subscription and one “family circle” plan).

The use case 1) is mainly about BYOD. Actually, the main challenge of BYOD is how to handle the potential threat on application/user level, e.g. end node problem, data breaches, threats from malware[11], etc. It has never be discussed that an application requires a PDU Session/PDN connection from a dedicated PLMN. In fact, the statement that an application requires the PDU Session/PDN connection from a dedicated PLMN in not realistic. If an application can work only with a dedicated operator, it can work only under the coverage of this operator. However, no operator can guarantee that it support coverage everywhere. The BYOD service shall be access agnostics, i.e., it works under WIFI or any PLMN in 3GPP.
The use case 2) requires only switch the traffic connection manually from time to time.
Observation 9: The BYOD use case is access agnostics. Consequently, it is questionable that the requirement for simulations data connections from two network.
On the other hand, with the aggressive/questionable assumption, once the UE with only 1Tx and 1Rx/2Rx indeed supports data connections on both network at the same time. It becomes highly possible that the UE has to receive data from both network at the same time. No matter which network the UE chooses to connect to, the other network has to page the UE immediately. This directly causes the unwanted consequence that “the first system will keep paging the UE which will result in waste of paging resources” [7]. 
Moreover, it is not clear how the UE differentiates the priority of the data from the two network, 
-  if both of the PLMNs supports paging cause enhancement, and the UE is paged by two network with same cause “data”. Without the clear solution, the UE ends up to ping-pong between two networks.

-  if only one PLMN supports paging cause enhancement, and the UE is paged by the secondary network with cause of CP signaling. As the UE doesn’t have what is the ongoing service on the first network, should the UE switch to the second PLMN or not.

Observation 10: With the aggressive/questionable assumption, it is not realistic to support two data connections with the paging cause solution, which for sure causes ping-pong issue. 
Moreover, 5G capable UEs that are launched recently, have natively support 2Tx, which resolved key issue #1, without the dependency on paging cause. 
Multi-Radio Dual Connectivity (MR-DC) is one of the key feature for UE for 5G. MR-DC requires 2Tx and 2Rx, due to the UE having to support the Uu connection towards LTE node and NR node simultaneously. Consequently, for most of time, the UE can use dedicated Tx for corresponding network. Even when the MR-DC is enabled, when the paging from the secondary network arrives, the UE can always use the second Tx to communicate with secondary network, e.g. disconnect the NR connection in the first PLMN and switch to the secondary network with the solutions in RAN if considered necessary.
Furthermore, the 5G chipsets announced by the chipset vendors support simultaneous connections towards two networks [9] [10]. 
‘Dual Channel’ 5G DSDA: Both 5G standalone (SA) and non-standalone (NSA) modes are simultaneously supported on both SIM slots (where 5G+5G is available), so when receiving 5G NR / 4G LTE / 3G / 2G calls via either on SIM1 or SIM2, the 5G data connection used by the game will still always remain active.[8]
Via DSDA technology, car and driver can each choose their own independent network operator subscription in order support a variety of emerging mobility service models[9] [10].

As the 5G becomes the majority choices for the operators, it is highly possible that the UE can support 2Tx or more. This lead to the enhancement of the MUSIM is useless. 
In addition, with this 2Tx capable UE, BOYD, if it eventually becomes true, can only be supported in an efficient way.
Observation 11: As the majority of the 5G chipsets and 5G UEs will support simultaneous connections to two networks, there is little or no need to specify or deploy network enhancements for these scenario. 
3. Proposal

It is proposed to include the following conclusion for Key Issue 1 in TR 23.761.
* * * * First change * * * *

8
Conclusions
8.X 
Conclusion for Key Issue 1

Dedicated paging causes are not specified for this key issue.
* * * * end of changes * * * *
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