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1 Introduction
A Work Item, Support for Multi-SIM devices in Rel-17, has been agreed for Rel-17, [1] to address the impact on 3GPP system due to support of Multi-Sim devices. 

The following objectives are defined;

	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.
2) 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
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
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.

NOTE 1:  Single Rx allows MUSIM UE to receive traffic from only one network at one time, Dual Rx allows MUSIM UE to simultaneously receive traffic from two networks. Single Tx allows MUSIM UE to transmit traffic to one network at one time, dual Tx allows MUSIM UE to simultaneously Transmit traffic to two networks. (The terms Single Rx/Tx and Dual Rx/Tx do not refer to a device type. A single UE may, as an example, uses Dual Tx in some cases but Single Tx in other cases)
NOTE 2: Co-ordination between involved operators is not expected.
.






In this contribution, we discuss some aspects related to the three objectives above and to the LS received from SA2 in [3].

At RAN2#111e, the following email discussion was initiated; Post111-e][917][Multi-SIM] Multi-Sim (vivo) [5]. 
The purpose of the email discussion was to identify topics that need conclusions and that can benefit from pre-discussion in order to produce replies to the LS from SA2.
A proposed summary is given in [6] and referred to below.

2 Discussion
[bookmark: _Hlk510094111]In SA2, the topic of Multi-SIM in Rel-17 has been studied, the result of the study so far is collected in TR 23.761 V 1.0.0 [2]. There are currently 27 solutions collected in the TR. Evaluation of these solutions is ongoing, and initial interim conclusions have been made. The plan is to finalize the study at SA2 meeting, SA2-142-E in November and then enter the normative work item phase.
 
During the evaluation phase, the RAN dependencies of the different solutions are discussed.
An LS is sent in [3] to RAN2 and RAN3 describing an overview of the situation in SA2 and considerations of RAN impacts on the proposed solutions.

In this contribution a way forward is proposed, and the questions entered in the LS above are discussed 
3 Discussion on the LS in [3]
In the LS there are 10 questions to RAN2, 7 questions on the feasibility and impact of the solutions on Paging Cause, Busy Indication, Leaving and Returning and on solutions to avoid paging collision between two subscriptions. 

Finally there are three questions on the RAN restrictions decided in RAN plenary 88, to not impact E-UTRA, whether is it only related to RRC layers and below or also to S1_AP and NG_AP.


Paging Cause 
Regarding the Paging cause signalling, SA2 has asked three questions, as follows. 

Q1: Please confirm the feasibility and overhead of sending a Paging Cause in [Uu] Paging message for EPS and for 5GS. [RAN2, RAN3]
Q2: Please indicate whether adding the paging cause (e.g.  3-4bits) per UE in the paging message would reduce the number of paging records that could be included in a single paging message, and if so by what magnitude. (For NR and E-UTRA) [RAN2]
Q3: Please indicate how the paging cause is expected to be supported in RAN nodes (e.g. per PLMN, per TA, per RAN node, per cell) (For NR and E-UTRA) [RAN2, RAN3]


We have the following observation on Paging Cause signalling:


Observation 1: The Paging cause might be useful if relevant information is forwarded to the UE. This might be a voice call but also other information. Even if SA2 have only asked about voice, we should reserve and allow for other useful information on other services in the future which not necessarily are related to MuSIM.

Answer to Q1: Yes it is feasible to send the Paging Cause in a paging message in both LTE and NR. 
Answer to Q2: Adding 3-4 bits to the paging record would not reduce the number of entries in the paging message. The paging message size is only limited by the maximum Transport block size, which depends on the bandwidth of the system. Since the paging record today normally is the 48 bit long NG-5G-S-TMSI another 3-4 bits would not in reality limit the number of paging messages that may be sent during a paging occasion.
Answer to Q3: Support of paging cause will be dependent on deployment.The support for paging cause is expected to be PLMN wide but not all RAN nodes needs or are expected to support it. 

Busy indication
Regarding Busy indication SA2 asked two questions: 

Q4: Please indicate an order of magnitude (tens of ms? Hundreds of ms?) of the expected time required to send a (NAS) Busy Indication for USIM A and whether a scheduling gap would be needed for USIM B to do so [RAN2]
Q5: Please provide feedback if it is feasible (and secure) that the Busy Indication is sent as RRC message instead (no NAS message to the CN) i.e. as a RRC response to paging without requiring an RRC connection [RAN2, RAN3, SA3]

The C-Plane latency was investigated when studying the Further Enhanced LTE Rel-16 in 36.912 [4], clause 16.2 and Appendix B.1. Based on this investigation and given the processing for Busy Indication shown in Figure 1: Procedure for the UE to send a NAS based busy indication as a paging response from [2], from the SA2 study [2]. 


[bookmark: _Ref54008748][bookmark: _Ref54180193]Figure 1: Procedure for the UE to send a NAS based busy indication as a paging response from [2]
[bookmark: _Ref54008808]
The processing time for NAS based Busy Indication from RACH transmission until NAS Accept of the Busy Indication is estimated in  Table 1 for a NAS based busy indication and Table 2 for a AS based busy indication respectively.

Table 1: Estimation of processing delay of NAS based Busy indication
	Description
	Time (ms) 

	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	RACH Preamble
	1

	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	3

	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	Transmission of RRC and NAS Request
	1

	Processing delay in eNB (L2 and RRC)
	6

	Transmission of RRC Connection Set-up (and UL grant)
	1

	Processing delay in the UE (L2 and RRC) + delay for nearest UL subframe
	17

	S1-C Transfer delay
	T_S1

	MME Processing Delay
	5

	S1-C Transfer delay of NAS Accept/Config update
	T_S1

	Processing delay in eNB (S1-C → Uu)
	4

	Transmission of NAS Accept
	1.5

	RRC Release
	1

	Total
	46



[bookmark: _Ref54008826]Table 2 Estimation of processing delay of RRC based Busy indication
	Description
	Time (ms) 

	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	RACH Preamble
	1

	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	3

	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	Transmission of RRC Busy indication
	1

	Processing delay in eNB (L2 and RRC)
	6

	Transmission of RRC Busy Indication  Accept
	1

	Total
	17.5





Based on the estimations in Table 1 and 2, the expected time to send an NAS-based busy indication is approximately 50 ms and in the RRC-based it is 17.5 ms. In Table 1, the transfer delay between RRC and NAS is not included but the total delay is estimated to be around 50ms. An added request for a new 5G-GUTI, which is discussed in SA2 may also add some ms to the total estimate. 

We we have the following observations about the busy indication: 

Observation 2: The time to answer the busy indication depends, based on the deployment and on whether it is a AS or NAS based solution. 

Observation 3: An estimation for a NAS based busy indicator based on the evaluation in [4] gives a delay in the order of 50 ms 

Observation 4: An estimation for a AS based busy indicator based on the evaluation in [4] gives a delay in the order of 20 ms 

Observation 5: The busy indication terminates the paging process in the Core Network (if in Idle mode) and in the RRC (if in inactive mode). Thereby it saves paging resources and also UE Power for UEs with the same paging occasions.

Answer to Q4: The expected time required for UE to send a (NAS) busy indication is implementation dependent and therefore variable. It is estimated to take in the order of 20-50ms to send a busy indication, and depending on deployment it may take slightly longer.
Answer to Q5: Yes.  For a RRC response in Idle state the Busy Indication is sent on SRB0 which is not enciphered or integrity protected. In RRC Inactive state the Busy Indication can be sent on SRB1 or SRB2 which are encrypted and integrity protected in AS. 

Leaving and Returning

Regarding Leaving and Returning SA2 asked the following questions

Q6: Please indicate whether it is feasible to define an RRC-based leaving and returning procedure in 5GS/NR. [RAN2, RAN3]
Q7: Please let us know whether changes to 5GS/E-UTRA (Option 5) to support RRC-based leaving is part of RAN Work Item. [RAN2, RAN3]

Whether RRC based procedure is feasible or not and if it is feasible to implement it in E-UTRA for 5GS, we have the following observation on this issue: 

Observation 6: The Leaving and Returning functionality in RAN is not feasible for E-UTRA according to RAN Plenary’s decision

Answer to Q6: Yes it is feasible for 5GS/NR, but it is not feasible for 5GS/E-UTRA. Therefore only NAS solution is feasible as a common solution  
Answer to Q7: No, RRC-based leaving is not in the RAN WID objectives. 

LTE RAN impact
Finally SA2 have 3 questions on  LTE RAN impact based on the following approaches
1. UE -requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update)
2. Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only
3. Repeating paging in the RAN on consecutive POs
4. UE Implementation-based solution to address overlapping POs (like today)
5. Access Stratum-based solution with scheduling gap

Q8: SA2 would like to ask RAN2 whether these approaches are all feasible and effective for paging reception when paging collisions are detected in 5GS and in EPS respectively. 
Q9: SA2 would like to ask RAN2 and RAN3 to take these solutions into consideration and provide feedback including proposals from RAN that SA2 may have not yet considered.
Q10: Some companies in SA2 believe that the RAN plenary decision on “No E-UTRA impact” restriction is only related to layers RRC and below. Other companies in SA2 believe that the restriction also includes no impact to S1_AP and NG_AP. It would be helpful for SA2 to get the correct definition of the WI restriction from RAN WGs.

For the LTE RAN impact the rational to not impact RAN, the WID is reflected in two ways by the RAN decision, it states that specification changes should focus on NR side for objective 1), the avoidance of page collisions. Then the impactedspecs in the WID are 38.300, 38.331, 38.306 and 38.304. Impact on on the NG_AP  interface, 38.413, needed for approach 2 is inline with that impacts are allowed on other 38-serie specifications. 

[bookmark: _Hlk54250550]Observation 7: The WID indicates that the impacted specs are only on NR specs, 38.300, 38.331 for RRC, 38.306 for Capabilities,  and 38.304 for Idle mode. Since neither the NG_AP specifications nor the S1_AP specs are mentioned and was not discussed in RAN Plenary impacts on both NG_AP and S1_AP should be allowed, impact on 38.413 is inline with that impacts are allowed on other 38-serie specifications. 

Proposal 1: Send a response to SA2 based on the Observations 1-7.

Answer to Q8: Approach 2 above is efficient given the paging occasions can always be moved to a predetermined position, assuming UE assistance in the determination of the alternative UE_ID, for example UE suggesting the alternative ID to be used. Approach 5 is also efficient for short gaps. Approach 1 is feasible but there is no control of the new position of the paging and could still lead to paging collision since the 5G-TMSI of the new 5G-GUTI might still lead to paging collision, especially since  no coordination between networks is possible. Approaches 3 and 4 are feasible but inefficient, the work item was created to find more efficient solutions.  

Answer to Q9: No further feedback, as RAN study has not yet come to any solution related discussions. 

Answer to Q10: The discussion in RAN Plenary is that 36.331 is not impacted. The interface to NAS was not discussed in RAN Plenary, there is no difference between EPC and 5GC. Impact on NG_AP is inline with other RAN decision that impacts are allowed on 38-serie specifications.

4 Way Forward in RAN 
4.1	Discussions on SA2 LS
The way forward of the MuSIM study in RAN and the objectives in the RAN work item, should and can be discussed, based on potential impact from the SA2 study. Here we provide our view on the objectives in the RAN study.

Objective 1: 
(Related to Q8 and Q9 above)

Concurrency between paging occasions (POs) from two subscriptions should preferably be handled in NAS level. One reason to handle it in NAS is that a NAS based solution  may handle all combinations of RATs, thus also handle LTE-LTE connected to EPC The RAN2 study is limited to NR-NR and NR-LTE. Depending on how SA2 concludes on this issue, it may be the case that no work is needed in RAN2 to solve this objective.

Observation 8: Paging collision avoidance is preferable solved at NAS level, since all combinations of RATs (LTE-LTE, NR-NR, NR-LTE) and core networks can be supported without any RAN impact.  Depending on how SA2 concludes on this issue, it may be the case that no work is needed in RAN2 to solve this objective.

Proposal 2: Recommend to SA2 to solve paging collision avoidance on NAS level for both NR and LTE.

Proposal 3: Wait for SA2 to conclude its study on paging collision avoidance.

Objective 2: 
(Related to Q6 and Q7 above) 

The notification between the UE and the networks associated to the different SIMs could be due to leaving one network to start a communication on the other network. 
There are different rationals for this, it could be for: 
· Reading and Replying to paging, then there must be a gap on the communication with the first network
· Leaving for a short connection on the second network, which could be handled by existing suspend and resume. 
· Stop the ongoing connection, move to idle mode and start a new connection on the other network, which could be handled by existing AS procedures.

To be able to receive paging from a network associated to another SIM, gaps should be provided. These relatively short gaps should preferably be initiated in RAN. 

Observation 9: The switch between the different networks with gaps used for reading paging, etc, is not complete. 

Proposal 4: Discuss solutions to allow the networks to create gaps and do fast switch between the networks  

A UE does in general respond to the network when it detects that it is paged. The response allows the network to stop the paging and avoid undesirable paging operation in a wider area. If the Mu-SIM UE decides to answer the call, it needs to respond and then close or pause the current connection on the first network. On the other hand if the UE decides to not answer the call, it is still beneficial to respond to the paging so that the NW knows the UE is busy and can then halt the attempt to page the UE thereby paging resources are saved. Otherwise unnecessary paging resources will be used when the pagings will be escalated to a larger set of cells. 
Thus, based on the decision of the UE it should be possible to respond with an accept of the service request or a response that it is busy to the other NW, see e.g. solution#3 in 23.761 [2]

Observation 10: A UE shall if possible always respond to paging in order to stop further paging escalation and not to waste paging resources.

Proposal 5: Discuss solutions related to UE responding to paging, when the UE do not want to engage in communication at the moment of receiving the page.

Objective 3:
(Related to Q1 to Q3 above) 

The third objective is to specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR. Since SA2 has not concluded their study, and it is not clear whether this indication needs to be handled by RAN, preferably RAN should wait for SA2 to conclude its study.

Proposal 6: Wait for SA2 to conclude its study, to see if the solution for indicating VoLTE/VoNR is to be done in RAN domain.
4.2	Comments to email discussion
In the summary of the email discussion [6] we note the following proposed conclusions:
For the paging collisions related to Question 8 in the LS [3] it is concluded that a standardized solution will ensure a deterministic and uniform behaviour from all UEs. It is also concluded that: 
· the options with relocation of a paging occasion by either requesting a new 5G-GUTI, change the UE_ID/adding an offset UE_ID or repeated paging in RAN are feasible from RAN2 point of view. 
· The proposal with paging repeating is feasible but with an increased signal overhead in RAN. 
· It is also noted that a cell reselection may lead to a new collision and that the proposals when the UE_ID/timing is changed without changing 5G-GUTI requires UE assistance information.

Therefore it is  proposed to continue studying the effectiveness of the proposals with requesting a new 5G-GUTI, changing the timing of paging by changing the UE_ID and by repeating paging.

It is concluded that the “No E-UTRA impact” restrictions applies to 36.331 at least. No conclusions are agreed of the impact of any other RAN2 specs. 

It is also concluded that “Access Stratum-based solution with scheduling gap” to receive paging in one NW during data reception in another NW is feasible. 

For the proposal of the busy indication, estimates of the time needed to send a busy indication are discussed and further  discussions are needed to conclude whether a scheduling gap is sufficient or not. It is concluded that it is feasible and secure to send the busy indication as a RRC message. 

For the question about support RRC-based switching, it is not part of the RAN WI but further discussions are needed whether to have a RRC-based solution in NR and LTE.

Regarding the paging cause, it is concluded that it is feasible to add a few bits for the paging cause in the paging message. The baseline is that it is supported per PLMN. This should be specified in RAN2 after SA2 have progressed further. 

Finally it is concluded that the short and long time switching are considered in the RAN WI but more discussions are needed to conclude switching between NW A and NW B and hence change the capabiliy is considered in the WI. 

5  Conclusions
In this contribution, the following observations and proposals are made:

Observation 1: The Paging cause might be useful if relevant information is forwarded to the UE. This might be a voice call but also other information. Even if SA2 have only asked about voice, we should reserve and allow for other useful information on other services in the future which not necessarily are related to MuSIM.

Observation 2: The time to answer the busy indication depends, based on the deployment and on whether it is a AS or NAS based solution. 

Observation 3: An estimation for a NAS based busy indicator based on the evaluation in [4] gives a delay in the order of 50 ms

Observation 4: An estimation for a AS based busy indicator based on the evaluation in [4] gives a delay in the order of 20 ms 

Observation 5: The busy indication terminates the paging process in the Core Network (if in Idle mode) and in the RRC (if in Inactive mode). Thereby it saves paging resources and also UE Power for UEs with the same paging occasions.

Observation 6: The Leaving and Returning functionality in RAN is not feasible for E-UTRA according to RAN Plenary’s decision

Observation 7: The WID indicates that the impacted specs are only on NR specs, 38.300, 38.331 for RRC, 38.306 for Capabilities,  and 38.304 for Idle mode. Since neither the NG_AP specifications nor the S1_AP specs are mentioned and was not discussed in RAN Plenary impacts on both NG_AP and S1_AP should be allowed, impact on 38.413 is inline with that impacts are allowed on other 38-serie specifications.

Proposal 1: Send a response to SA2 based on the Observations 1-7.

Observation 8: Paging collision avoidance is preferable solved at NAS level, since all combinations of RATs (LTE-LTE, NR-NR, NR-LTE) and core networks can be supported without any RAN impact.  Depending on how SA2 concludes on this issue, it may be the case that no work is needed in RAN2 to solve this objective.

Proposal 2: Recommend to SA2 to solve paging collision avoidance on NAS level for both NR and LTE.

Proposal 3: Wait for SA2 to conclude its study on paging collision avoidance.

Observation 9: The switch between the different networks with gaps used for reading paging, etc, is not complete. 

Proposal 4: Discuss solutions to allow the networks to create gaps and do fast switch between the networks  

Observation 10: A UE shall if possible always respond to paging in order to stop further paging escalation and not to waste paging resources.

Proposal 5: Discuss solutions related to UE responding to paging, when the UE do not want to engage in communication at the moment of receiving the page.

Proposal 6: Wait for SA2 to conclude its study, to see if the solution for indicating VoLTE/VoNR is to be done in RAN domain.

Proposed answers to the questions in the LS [3]: 
· Answer to Q1: Yes it is feasible to send the Paging Cause in a paging message in both LTE and NR. 
· Answer to Q2: Adding 3-4 bits to the paging record would not reduce the number of entries in the paging message. The paging message size is only limited by the maximum Transport block size, which depends on the bandwidth of the system. Since the paging record today normally is the 48 bit long NG-5G-S-TMSI another 3-4 bits would not in reality limit the number of paging messages that may be sent during a paging occasion.
· Answer to Q3: Support of paging cause will be dependent on deployment. The support for paging cause is expected to be PLMN wide but not all RAN nodes needs or are expected to support it. 
· Answer to Q4: The expected time required for UE to send a (NAS) busy indication is implementation dependent and therefore variable. It is estimated to take in the order of 20-50ms to send a busy indication, and depending on deployment it may take slightly longer.
· [bookmark: _GoBack]Answer to Q5: Yes. For a RRC response in Idle state the Busy Indication is sent on SRB0 which is not enciphered or integrity protected. In RRC Inactive state the Busy Indication can be sent on SRB1 or SRB2 which are encrypted and integrity protected in AS. 
· Answer to Q6: Yes it is feasible for 5GS/NR, but it is not feasible for 5GS/E-UTRA. Therefore only NAS solution is feasible as a common solution  
· Answer to Q7: No, RRC-based leaving is not in the RAN WID objectives. 
· Answer to Q8: Approach 2 above is efficient given the paging occasions can always be moved to a predetermined position, assuming UE assistance in the determination of the alternative UE_ID, for example UE suggesting the alternative ID to be used. Approach 5 is also efficient for short gaps. Approach 1 is feasible but there is no control of the new position of the paging and could still lead to paging collision since the 5G-TMSI of the new 5G-GUTI might still lead to paging collision, especially since no coordination between networks is possible. Approaches 3 and 4 are feasible but inefficient, the work item was created to find more efficient solutions.   
· Answer to Q9: No further feedback, as RAN study has not yet come to any solution related discussions. 
· Answer to Q10: The discussion in RAN Plenary is that 36.331 is not impacted. The interface to NAS was not discussed in RAN Plenary, there is no difference between EPC and 5GC. Impact on NG_AP is inline with other RAN decision that impacts are allowed on 38-serie specifications.
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