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Introduction
RAN2 sent an LS in [1] regarding MUSIM topics to ask RAN4 for suggestions on the gap patterns and mechanisms in order to support MUSIM operations. The LS contents are copied as in the below boxes.
	RAN2 has discussed the mechanism for a UE to notify Network A of its switch from Network A to Network B for MUSIM purpose. Network A is NR and Network B can either be LTE or NR. During the switching from the Network A, the UE can still be RRC connected state in Network A.
The following scenarios and gap mechanism were agreed by RAN2.
	Scenarios and supported gap types
· RAN2 aims to support at least the below scenarios 1/2/3 in Rel-17 for cases when the UE is allowed to switch to network B without leaving connected state at network A. 
· [bookmark: _Hlk85639706]Scenarios 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement;
· Scenarios 2:  SI receiving at network B;
· Scenarios 3: Aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in NW B (e.g. no RRC connection Resume/Setup) at network B, including On-demand SI request;
· Only per UE level scheduling gap is supported in Rel-17 for non-DC. FFS if we support MR-DC. 
· Do not support autonomous gaps for MUSIM in Rel-17.

Gap configuration and activation
· The network is allowed to configure at most 3 gap patterns (for any MUSIM purpose). 
· Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17. FFS if signalling supports more.
· The SFN and subframe of the PCell of the network A is used in the gap configuration to calculate the gap
· 
Periodic/Aperiodic/autonomous Gap configuration and activation
· The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.
· Switching Gaps (of any type) are configured or released by RRC signalling (e.g. RRCReconfiguration message) in Rel-17. FFS if gap can be released autonomously by UE after N repetitions.

Gap configuration assistance information
· UE is allowed to include assistance information for setup or release of gaps for both 1) periodic gaps and 2) aperiodic gap in one UEAssistanceInformation Msg. 
· To report the assistance information, the UE maps the timing info of the Gap on the network B  to the network A and reports the mapped timing info to the network A.
· For the gap assistance information, the Gap start time, Duration of the gap and gap repetition period (for periodic) may be included. FFS is other information is included (e.g. gap purpose). 


For the above Scenario 1 and Scenario 2:
· In Network B, System Information is needed for paging reception, serving cell measurement, neighbouring cell measurements including intra-frequency, inter-frequency and inter-RAT measurements. SIBs other than SIB1 are carried in System Information (SI) messages, which are periodically scheduled in SI window. The period of SI scheduling (si-Periodicity) can be {rf8, rf16, rf32, rf64, rf128, rf256, rf512} radio frames. For NR, the SI window Length (si-WindowLength) range can be {s5, s10, s20, s40, s80, s160, s320, s640, s1280} slots, for LTE the SI window Length (si-WindowLength) range can be {ms1, ms2, ms5, ms10, ms15, ms20, ms40} ms.
Note: SSB detection is only needed for NR network. 
For the above Scenario 3:
· Only applied when network B belongs to NR, UE can request the on-demand SIs based on RACH procedure. For MSG1 based on-demand SI procedure, only MSG1 and MSG2 transmission and reception are needed. For MSG3 based on-demand SI procedure, all MSG1-MSG4 transmission and reception are needed.

RAN2 assumes that at most three MUSIM gap patterns can be configured at the same time to receive and transmit in Network B. 
RAN2 will continue to discuss the detailed MUSIM gap handling, e.g., gap pattern (exact value for offset, gap cycle and duration), in part based on the RAN4 feedback requested below, and continue to inform RAN4 on these.


Together with the above agreements, RAN2 asks RAN4 the following questions:
	Question 1: Are the existing measurement gap cycle and duration value(s) sufficient to support the above any of Scenarios 1, 2, and 3?
Question 2: If the answer to Question 1 is negative, RAN2 would like to request feedback on the gap cycle and duration value(s) for the above scenarios and in particular:
1. For Scenario 1, could RAN4 provide feedback on the range of value(s) for gap cycle and duration needed to meet the Idle/Inactive mode RRM requirements in Network B?
1. For Scenario 2, could RAN4 provide feedback on the range of value(s) for gap cycle and duration required to acquire the necessary system information in Network B?
1. What would be the feasible range of value(s) for gap cycle and duration that can allow the UE stay in Connected mode in Network A for all 3 scenarios?
Question 3: What are the impacts of multiple activated MUSIM gaps (at most two periodic gaps and a single aperiodic gap) from RAN4 perspective?


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we discuss the RAN2 agreements on MUSIM operations and analyze the questions from RAN2. Further we try to provide the response to this LS and drive this work as far as possible and reasonable.
Discussion
Background 
The feature of the MUSIM operations enables the UE to stay connected in network A while trying to maintain the RRM status in network B at the same time. The design from RAN2 is to use measurement gaps which are specified already in the spec for legacy releases to enable the UE measurements on network B when staying connected in network A, during measurement gaps. RAN2 has identified mainly 3 scenarios for this design in Rel-17 as follows:
	Scenarios 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement;
Scenarios 2: SI receiving at network B;
Scenarios 3: Aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in NW B (e.g. no RRC connection Resume/Setup) at network B, including On-demand SI request;


Regarding scenario 1, it is straightforward that the UE makes use of the measurement gaps to carry out measurements on network B to maintain the RRM status while connecting to network A. All operations including SSB detection, serving/neighbour cell measurements and reception of paging are coped well with the existing measurement gap framework but there is one thing that is required as the prerequisite: system information of the cell the UE camps on at network B. 
In the sense that the system information to the cell in the network B is necessary to all the periodic switching operations, we have to come to scenario B first. For scenario B, the UE needs to receive SIBs of network B cell in order to acquire the system information it needs to correctly carry out RRM measurements on network B in idle mode. However as we all know, the SIBs are scheduled with possibly more slots than any of the existing gap pattern can cope with. This means that the existing gap patterns and even the specified framework are not fit for scenario 2. We have to think of something else.
Scenario 3 implies the operation of a one-shot switching to network B, in our opinion similar to scenario 2, requiring the UE to carry out on-demand SI request based on either MSG 1/MSG 2 or MSG 3/MSG 4, which all require the UE to transmit and receive. Plus it also needs to read the SIBs after the demand is met by the network and SIBs are scheduled.
Observation 1: Existing measurement gap patterns and mechanisms cope well with periodic switching and idle mode RRM measurements described in Scenario 1 but do not cope well with system information acquisition.
Acquisition of system information at network B
As mentioned above, acquiring system information is the prerequisite for all operations described in Scenario 1. But the problem is that the possible window lengths for SIB scheduling are too long for measurement gaps. The below table captures the RAN2 interpretation on this matter.
	· In Network B, System Information is needed for paging reception, serving cell measurement, neighbouring cell measurements including intra-frequency, inter-frequency and inter-RAT measurements. SIBs other than SIB1 are carried in System Information (SI) messages, which are periodically scheduled in SI window. The period of SI scheduling (si-Periodicity) can be {rf8, rf16, rf32, rf64, rf128, rf256, rf512} radio frames. For NR, the SI window Length (si-WindowLength) range can be {s5, s10, s20, s40, s80, s160, s320, s640, s1280} slots, for LTE the SI window Length (si-WindowLength) range can be {ms1, ms2, ms5, ms10, ms15, ms20, ms40} ms.
Note: SSB detection is only needed for NR network. 


Apparently, existing measurement gaps cannot meet the need to successfully read all the SIBs scheduled in most of the cases. To be accurate, any SI window length that is longer than 6ms cannot be coped with well since the longest existing MGL is 6ms. We need to find another way.
System information is usually static. Once the UE reads it, it is highly likely that the UE will not read it again within quite a long period of time in case nothing special happens. That is to say we do not need to use measurement gaps as the way when we consider the periodic switching operations. We could make use of something as a one-shot solution to acquire the SI once in a while, then to support the periodic switching with gaps afterwards.
Observation 2: System information acquisition can be supported in a one-shot-once-a-while manner.
Speaking of one-shot-once-a-while manner, we have several solutions that we can count on well. Firstly we may allow the UE to carry out autonomous acquisitions of the SI. But this solution will lead to interruptions on network A during the autonomous gap the UE uses on the acquisition. Second, we may choose to specify a configured one-shot-once-a-while gap for the UE to carry out SIB reading and avoid scheduling anything during this OSOAW gap at network A to get rid of the interruptions. Lastly, it is also possible that we specify the procedure for UE to request at network A to provide the system information of the camped cell at network B sent in the serving cell at network A. But this requires lots of standard work across groups.
In summary to the above analysis, we propose that RAN2 and RAN4 consider not to use measurement gaps but something in a OSOAW (one-shot-once-a-while) manner to support UE’s switching to network B and reading the system information of the cell it camps at network B.
Proposal 1: Consider using OSOAW (one-shot-once-a-while) manner to support UE’s switching to network B and reading the system information of the cell it camps at network B.
Proposal 2: Regarding the options for OSOAW solutions, choose one of them listed below:
· Opt.1 Allow the UE to carry out autonomous acquisitions of the SI
· Opt.2 Specify a configured one-shot-once-a-while gap for the UE to carry out SIB reading and avoid scheduling anything during this OSOAW gap at network A to get rid of the interruptions
· Opt.3 Specify the procedure for UE to request at network A to provide the system information of the camped cell at network B sent in the serving cell at network A

Reply to RAN2
Coming back to the RAN2 LS and the questions, questions 1 and 2 can be answered after the above analysis on the 3 scenarios mentioned by them.
The answers can be generated as in the following paragraphs.
Question 1: Are the existing measurement gap cycle and duration value(s) sufficient to support the above any of Scenarios 1, 2, and 3?

Answer 1: Existing measurement gap cycle and duration value(s) are sufficient to support all kinds of operations described in Scenario 1 including SSB detection, serving/neighbour cell measurements and reception of paging; however, as the prerequisite to these operations, SI acquisition cannot be coped well by using the existing measurement gaps.

Question 2: If the answer to Question 1 is negative, RAN2 would like to request feedback on the gap cycle and duration value(s) for the above scenarios and in particular:
A. For Scenario 1, could RAN4 provide feedback on the range of value(s) for gap cycle and duration needed to meet the Idle/Inactive mode RRM requirements in Network B?
B. For Scenario 2, could RAN4 provide feedback on the range of value(s) for gap cycle and duration required to acquire the necessary system information in Network B?
C. What would be the feasible range of value(s) for gap cycle and duration that can allow the UE stay in Connected mode in Network A for all 3 scenarios?

Answer 2: Instead of using the existing measurement gaps, RAN4 suggests to consider using OSOAW (one-shot-once-a-while) manner to support UE’s switching to network B and reading the system information of the cell it camps at network B, for all three scenarios.

But for question 3, we need more discussion.
Question 3: What are the impacts of multiple activated MUSIM gaps (at most two periodic gaps and a single aperiodic gap) from RAN4 perspective?
Answer 3: The impacts from multiple activated MUSIM gaps need further study in RAN4 and it depends on the outcome of ongoing discussions in Rel-17.
Thus, we propose to reply to RAN2 as in the above shown answers.
Proposal 3: Reply to RAN2 with the following answers:
Answer 1: Existing measurement gap cycle and duration value(s) are sufficient to support all kinds of operations described in Scenario 1 including SSB detection, serving/neighbour cell measurements and reception of paging; however, as the prerequisite to these operations, SI acquisition cannot be coped well by using the existing measurement gaps.
Answer 2: Instead of using the existing measurement gaps, RAN4 suggests to consider using OSOAW (one-shot-once-a-while) manner to support UE’s switching to network B and reading the system information of the cell it camps at network B, for all three scenarios.
Answer 3: The impacts from multiple activated MUSIM gaps need further study in RAN4 and it depends on the outcome of ongoing discussions in Rel-17.
Conclusions
In this paper we discuss the RAN2 agreements on MUSIM operations and analyze the questions from RAN2. Further we try to provide the response to this LS and drive this work as far as possible and reasonable.
Observation 1: Existing measurement gap patterns and mechanisms cope well with periodic switching and idle mode RRM measurements described in Scenario 1 but do not cope well with system information acquisition.
Observation 2: System information acquisition can be supported in a one-shot-once-a-while manner.
Proposal 1: Consider using OSOAW (one-shot-once-a-while) manner to support UE’s switching to network B and reading the system information of the cell it camps at network B.
Proposal 2: Regarding the options for OSOAW solutions, choose one of them listed below:
· Opt.1 Allow the UE to carry out autonomous acquisitions of the SI
· Opt.2 Specify a configured one-shot-once-a-while gap for the UE to carry out SIB reading and avoid scheduling anything during this OSOAW gap at network A to get rid of the interruptions
· Opt.3 Specify the procedure for UE to request at network A to provide the system information of the camped cell at network B sent in the serving cell at network A
Proposal 3: Reply to RAN2 with the following answers:
Answer 1: Existing measurement gap cycle and duration value(s) are sufficient to support all kinds of operations described in Scenario 1 including SSB detection, serving/neighbour cell measurements and reception of paging; however, as the prerequisite to these operations, SI acquisition cannot be coped well by using the existing measurement gaps.
Answer 2: Instead of using the existing measurement gaps, RAN4 suggests to consider using OSOAW (one-shot-once-a-while) manner to support UE’s switching to network B and reading the system information of the cell it camps at network B, for all three scenarios.
Answer 3: The impacts from multiple activated MUSIM gaps need further study in RAN4 and it depends on the outcome of ongoing discussions in Rel-17.
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