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1. Introduction
In RAN2#115, an LS (R2-2108861) was approved to RAN4 on gap handling for MUSIM. The intention is to ask RAN4 to check if existing gap patterns can be used for network switching.
	1. Overall Description:

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. 
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.
 
2. Actions: 

To RAN4: 
ACTION:  RAN2 kindly asks RAN4 to answer the questions below.

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:
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?

Question 3: What are the impacts of multiple activated MUSIM gaps (at most two periodic gaps and a single aperiodic gap) from RAN4 perspective?



In this contribution, we will provide analysis on the above issues.
2. Discussion
Before discussing the three questions, we would like to highlight one important thing: timing difference between network A and B. To correctly configure measurement gap for UE to switch to network B, network A shall know the timing difference. 
There are two alternatives to acquire the timing difference. One is based on coordination between networks. This is possible if the two networks belong to the same operator. However, it may be challenging if network A and B belong to different operator. Alternatively, the timing difference information can be based on UE report. UE needs to detect the timing of network B, then compare the timing with network A and report it to network A. If network A and B belong to the same operator, this can be done via SFTD measurement. However, if network A and B belong to different operators (in our view SFTD measurement across operators is not supported), UE may need to acquire the timing by using some other approaches, such as with autonomous gap, or do it under DRX off (even before entering connected mode in network A).
[bookmark: _Ref85577803]Proposal 1: ask RAN2 if RAN4 can assume network A knows the timing difference between network A and B. 
[bookmark: _Ref85577806]Proposal 2: if assumption in P1 is invalid, RAN4 needs to discuss how to acquire the timing difference between network A and B.

Assuming the timing difference is known such that network can configure measurement gap properly. Then we can discuss the questions from RAN2. The first question is:
Question 1: Are the existing measurement gap cycle and duration value(s) sufficient to support the above any of Scenarios 1, 2, and 3?

Scenario 1 and 2 can be discussed together:
1) Scenario 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement.
2) Scenario 2: SI receiving at network B
In scenario 1, UE needs to acquire necessary SI to paging reception and RRM measurement. After that, UE only needs to monitor paging and perform RRM measurement regularly, which can be handled by the existing MGP. 
The common part in scenario 1 and 2 is that UE needs to receive SI from network B. The gap needed for SI receiving depends on SI scheduling. The possible configuration of SI scheduling can be found in the RAN2 LS:
	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.



The period (si-Periodicity) can be {rf8, rf16, rf32, rf64, rf128, rf256, rf512} radio frames, which is not exactly same as MGRP of existing MGP. However, si-Periodicity is an integral multiple of 20ms and MGRP of existing MGP is also an integral multiple of 20ms. Therefore, from periodicity perspective SI can be covered by existing MGP.
Candidate SI window length in LTE and NR are different. For LTE, SI window length (si-WindowLength) can be {ms1, ms2, ms5, ms10, ms15, ms20, ms40}. According to existing MGP, the supported MGL is {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20}. Thus, si-WindowLength can be covered by MGL except 40ms.
As for NR, SI window length can be {s5, s10, s20, s40, s80, s160, s320, s640, s1280} slots. The longest window is 1280ms, which is much longer than the maximum MGL (20ms) in existing MGP.
Note that the scheduling may be different among different SIBx. But at most two periodic gaps are supported based on RAN2’s input, which may not be enough. RAN4 can consider using interruption based SIB1 reading to get the scheduling information of the rest SIBx, then using two periodic gaps for SIBx recevinig. 

Scenario 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.
Scenario 3 is quite different from scenario 1 and 2. First of all, scenario 3 requires aperiodic switching with both DL and UL at network B. Note that so far only periodic measurement gap is supported. Secondly, besides SI window UE needs additional time to complete RACH procedure in network B, which results in even longer measurement gap duration on top of scenario 2.
	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.


[bookmark: _Ref85577809]Proposal 3: answer to Q1: according to existing measurement gap pattern design, scenario 1 and 2 can be partially supported (si-WindowLength > 20ms is not supported). Scenario 3 is not supported.

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?
For Q2-A, RRM requirements in idle/inactive mode are derived based on SMTC design. As we all know, from periodicity and duration perspectives SMTC can always be covered by measurement gap. 
[bookmark: _Ref85577812]Proposal 4: answer to Q2-A: existing range of values for gap cycle and duration is sufficient to meet the Idle/Inactive mode RRM requirement in Network B.
For Q2-B, as discussed under Q1, the candidate MGRP in existing MGP can handle si-Periodicity. However, existing MGL is not long enough. Existing patterns can only handle si-WindowLength < 40ms. To acquire the necessary system information in Network B, new patterns with MGL = {40, 80, 160, 320, 640, 1280} slots are needed if all the candidate values of si-WindowLength are considered. 
[bookmark: _Ref85577814]Proposal 5: answer to Q2-B: to acquire the necessary system information in Network B, existing range of values for gap cycle is sufficient. However, new measurement gap patterns with longer duration are needed to support all the candidate values of si-WindowLength. So far the longest gap duration is only 20ms.
For Q2-C, we need to discuss the criteria of “stay in connected mode” in network A. In current NR design we have beam level quality monitoring (BFD) and cell level link quality monitoring (RLM). The possible criteria are whether UE would trigger beam failure or link failure if UE leaves network A for quite a long time. According to the criteria, the feasible range of value(s) for gap cycle and duration that can allow the UE stay in Connected mode in Network A depends on configuration of RLM and BFD in network A. Take SSB based RLM for example, UE needs to evaluate Qin/Qout every P  N  Max(TDRX,TSSB), where TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length. P and N are the scaling factor defined in section 8.1.2.2. If UE fails to do the sampling, e.g. MGL is longer than P  N  Max(TDRX,TSSB), UE may trigger RLF.
[bookmark: _Ref85577818]Proposal 6: RAN4 shall discuss the criteria of “stay in connection” in network A. Possible criteria: whether UE would trigger beam failure or RLF even if long gap duration is configured.
[bookmark: _Ref85577821]Proposal 7: answer to Q2-C: RAN4 assumes “stay in connection in Network A” means UE would not trigger beam failure or RLF in Network A even if long gap duration is configured. With this assumption, the maximum feasible gap duration depends on configuration of BFD and RLM in Network A:
· For SSB based BFD: UE would trigger beam failure if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.5.2.2.
· For CSI-RS based BFD: UE would trigger beam failure if gap duration is longer than P  N  PBFD  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length. P, N and PBFD are scaling factors defined in TS38.133 section 8.5.3.2.
· For SSB based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.
· For CSI-RS based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.

Question 3: What are the impacts of multiple activated MUSIM gaps (at most two periodic gaps and a single aperiodic gap) from RAN4 perspective?
There are several potential impacts from RRM point of view:
1) Potential impact on R17 MG enhancement work item.
Only one MGP can be configured in each frequency range in R15/16. It was agreed in R17 MG Enh that up to two concurrent gaps can be supported in a frequency range. Note that the two concurrent gaps are for legacy RRM measurement. If RAN2 expects three concurrent gaps, RAN4 need time to discuss whether and how this would impact the concurrent gaps design.
2) Potential impact on MG mechanism
This is mainly for scenario 3, wherein aperiodic MG is expected. However, only periodic measurement gap is supported. If NW wants to update MG configuration, RRC reconfiguration is needed. If RRC reconfiguration is used to achieve aperiodic gap, NW needs to send RRC to configure MG once needed and send another RRC to cancel the MG once NW switching operation is finished. The efficiency is quite low in this case. We may need to consider some faster way to trigger aperiodic gap, such as MAC-CE level operation.
3) Potential impact on RRM measurement.
Usually UE is configured with gap-based RRM measurement in network A. Now the gap may also be used for network switching. There would be negative impact on RRM measurement in network A, such as measurement latency in network A would be increased. To mitigate such impact, RAN4 also needs to discuss how to share the gap between legacy RRM measurement and network switching. So that network can have the flexibility to determine the priority of NW switching and legacy RRM measurement.
4) Potential impact on L1 measurement
L1 measurement here includes RLM, BFD, CBD, L1-RSRP and L1-SINR. As more and more concurrent gaps are configured, more and more L1 RS may be overlapped with measurement gaps. Longer L1 evaluation period can be expected. Actually, this issue has already been raised in the last RAN4 meeting in R17 MG Enh discussion. 
[bookmark: _Ref85577828]Proposal 8: answer to Q3: possible impact from multiple activated MUSIM gaps from RAN4 perspective:
· Potential impact on R17 MG enhancement work item: it was agreed in R17 MG enhancement WI that up to two concurrent gaps are supported in a frequency range. RAN4 needs to study whether and how the three concurrent gaps for network switching would impact the concurrent gaps design in R17 MG enhancement.
· Potential impact on MG mechanism: aperiodic measurement gap is not supported yet.
· Potential impact on RRM measurement: RRM measurement in Network A may be extended. RAN4 may also need to study how to share the gaps between legacy RRM measurement and network switching.
· Potential impact on L1 measurement: L1 measurement here includes RLM, BFD, CBD, L1-RSRP and L1-SINR. Longer L1 evaluation period can be expected.

Besides the questions from RAN2, we would like to discuss the necessary RAN4 work. Since there is no RAN4 TU yet in this work item, we don’t expect too much workload in RAN4. On the other hand, there is only quite limited time before the completion of R17 core part. We don’t even have enough time to study the above potential impact in current release. However, it is important that RAN4 can define necessary requirement to support this feature. One solution in our mind is that we can consider defining new MGP to support MUSIM but leave other RAN4 requirement to future release.
[bookmark: _Ref85577832]Proposal 9: due to limited time in R17, RAN4 can define new MGP for MUSIM if necessary, but postpone other requirements to future release, such as measurement requirements with new gap, overlapping between legacy gap and new gap, hybrid operation between MGP for MUSIM and new gap (pre-MG, concurrent gap and NCSG), and etc.
3. Conclusion
In this contribution, we discuss the RAN2 LS on MUSIM. After discussion the following conclusions are provided:
Proposal 1: ask RAN2 if RAN4 can assume network A knows the timing difference between network A and B.
Proposal 2: if assumption in P1 is invalid, RAN4 needs to discuss how to acquire the timing difference between network A and B.
Proposal 3: answer to Q1: according to existing measurement gap pattern design, scenario 1 and 2 can be partially supported (si-WindowLength > 20ms is not supported). Scenario 3 is not supported.
Proposal 4: answer to Q2-A: existing range of values for gap cycle and duration is sufficient to meet the Idle/Inactive mode RRM requirement in Network B.
Proposal 5: answer to Q2-B: to acquire the necessary system information in Network B, existing range of values for gap cycle is sufficient. However, new measurement gap patterns with longer duration are needed to support all the candidate values of si-WindowLength. So far the longest gap duration is only 20ms.
Proposal 6: RAN4 shall discuss the criteria of “stay in connection” in network A. Possible criteria: whether UE would trigger beam failure or RLF even if long gap duration is configured.
Proposal 7: answer to Q2-C: RAN4 assumes “stay in connection in Network A” means UE would not trigger beam failure or RLM in Network A even if long gap duration is configured. With this assumption, the maximum feasible gap duration depends on configuration of BFD and RLM in Network A:
· For SSB based BFD: UE would trigger beam failure if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.5.2.2.
· For CSI-RS based BFD: UE would trigger beam failure if gap duration is longer than P  N  PBFD  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length. P, N and PBFD are scaling factors defined in TS38.133 section 8.5.3.2.
· For SSB based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.
· For CSI-RS based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.
Proposal 8: answer to Q3: possible impact from multiple activated MUSIM gaps from RAN4 perspective:
· Potential impact on R17 MG enhancement work item: it was agreed in R17 MG enhancement WI that up to two concurrent gaps are supported in a frequency range. RAN4 needs to study whether and how the three concurrent gaps for network switching would impact the concurrent gaps design in R17 MG enhancement.
· Potential impact on MG mechanism: aperiodic measurement gap is not supported yet.
· Potential impact on RRM measurement: RRM measurement in Network A may be extended. RAN4 may also need to study how to share the gaps between legacy RRM measurement and network switching.
· Potential impact on L1 measurement: L1 measurement here includes RLM, BFD, CBD, L1-RSRP and L1-SINR. Longer L1 evaluation period can be expected.
Proposal 9: due to limited time in R17, RAN4 can define new MGP for MUSIM if necessary, but postpone other requirements to future release, such as measurement requirements with new gap, overlapping between legacy gap and new gap, hybrid operation between MGP for MUSIM and new gap (pre-MG, concurrent gap and NCSG), and etc.
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