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Introduction
The Rel-17 WI of MUSIM [1] has been ongoing in RAN2. In RAN2#115-e, an LS [2] was sent to RAN4, asking RAN4 to provide feedback on the gap pattern design. In addition, in RAN#93-e, the RAN4 impacts of MUSIM WI were discussed and the conclusion was to come back based on RAN4#101-e outcome.
In this paper, we will provide our views on the gap pattern design as asked by RAN2, and also the impacts on RAN4 RRM requirements due to MUSIM.
Discussion
Gap pattern
For MUSIM, in order to enable UE to do some tasks in NW B while staying in RRC Connected mode in NW A, RAN2 introduced support of 3 scheduling gaps:
	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.


RAN2 has asked RAN4 to answer the following questions regarding the gap pattern.
	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?


We understand the key task for RAN4 is to evaluate the required gap patterns to support the 3 scenarios identified by RAN2. We will provide our analysis next.
Scenario 1
	Scenarios 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement;


UE receives paging from the serving cell in NW B based on paging DRX cycle, at the derived Paging Occasions (POs). As the DRX cycle ranges from 0.32s to 2.56s, before each PO UE may need to do time and frequency synchronization based on SSB. As SSB is cell common signal, while PO location can be different for each UE, the time gap between PO and closet SSB before can range from zero to SSB periodicity, which ranges from 5ms to 160ms. In addition, UE may need more than one SSB occasions to achieve sync, e.g. when DRX cycle is long. Therefore, it is likely that two separate scheduling gaps are needed for serving cell SSB measurement and paging reception. 
· As mentioned above, the paging DRX cycle ranges from 0.32s to 2.56s, and the length of a paging occasion is typically several slots (same as number of SSB indexes), so the existing MG pattern 0~23 should be sufficient for paging reception. 
· For serving cell SSB measurement, it is clear that existing MG pattern 0~23 is sufficient. 
As to the neighbor cell measurement including intra-frequency, inter-frequency and inter-RAT measurement, we think the scheduling pattern for serving cell SSB measurement could be re-used. In NR deployments, the SSB from cells on the same frequency layer are typically time aligned so that they can be included in one SMTC window; similarly, the SMTC window across multiple frequency layers are also time aligned so that they can included in one MG. Measurement on LTE carriers can be taken at any 5ms, so there is no problem for inter-RAT measurement, either. 
Both paging reception and serving/neighbour cell should be based on periodic scheduling gaps.
Observation 1: It is likely that two separate periodic gaps are used for 
· serving cell SSB measurement and all neighbor cell measurements, and 
· paging reception
Observation 2: Existing MG pattern 0~23 is sufficient for tasks in Scenario 1.
Scenario 2
	Scenarios 2:  SI receiving at network B;
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.


For UE to receive SI in NW B, UE needs to first read MIB and SIB1. The MIB can be read based on the scheduling gap for serving cell SSB measurement, while SIB1 may require a separate gap due to different offset from SSB. Of course, if the RMSI CORESET is close in time with the SSB, it is possible to use a MG with larger MGL e.g. MG#25 for both SSB measurement and SIB reading. However, we understand UE may not need to periodically read SIB1, so using a larger MGL for both tasks together will cause unnecessary throughput loss to NW A. 
Similarly, for other SIBs, we think a periodic scheduling gap may not be needed. For example, UE needs to read SIB2/3 to get the configuration for intra-frequency cell reselection, but this (obtaining the configuration information) only needs to be done once unless UE is notified a SI change. It is also noted that each SI has its own SI window, so it may be difficult to use one periodic scheduling gap for all SIs.
The SI window length ranges from 80ms to 5120ms, but it is noted that the SI messages are repeatedly transmitted during the SI window, and UE does not need to receive all of them. Also, the length of SI window also accounts for transmission on multiple Tx beams, but UE only needs to read the one for the best SSB. Considering the transition time and the duration of the PDCCH/PDSCH for the SI message, we understand the existing MG pattern 0-25 are sufficient. This also applies to SIB1. Based on Rel-16 CGI reading requirements, the SIB1 duration is assumed to be 2 slots for SSB/RMSI MUX pattern 1 and less than 1 slot for pattern 2/3. 
Observation 3: It is likely that aperiodic scheduling gap is used for SI reading in NW B.
Observation 4: Existing MG pattern 0~25 is sufficient for tasks in Scenario 2.
Scenario 3
	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 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.


Scenario 3 is mainly for on-demand SI which is based on RA procedure. 
For length of the procedure depends on whether it is based on msg1 or msg3, and the length of RAR window. As the RA procedure delay is critical for initial access delay we understand the RAR window length would be likely smaller than 10ms. We understand the existing MG pattern 25 should be sufficient for scenario 3. 
Observation 5: Existing MG pattern 25 is sufficient for Scenario 3.
Based on above analysis, we suggest
Proposal 1: RAN4 confirms and replies to RAN2 that existing MG pattern 0-25 are sufficient for Scenario 1, 2 and 3.
RRM impacts
The issue is whether RAN4 should define RRM requirements related to MUSIM, and our view is that no RRM requirements are to be defined for MUSIM in Rel-17. 
We understand defining the RRM requirements for MUSIM could be quite complicated. At least the following issues need to be discussed.
· For which scenario or task in NW B RAN4 should define requirements. It may be clear that RAN4 could define requirements for cell reselection measurements configured by NW B (details of the requirements still need non-trivial RAN4 efforts though), but it needs to be discussed if requirements for paging reception or SI reception or on-demand SI are needed. It is noted that for normal NR scenario, we do not even have the requirements for such tasks, so the necessity of the requirements for NW B in MUSIM is questionable. 
· Detail of requirements. Using scheduling gap for tasks in another NW is a new scenario, so there are many details to be discussed if RAN4 to define the requirements. For example, RAN4 needs to first agree on the assumption for the gap usage, e.g. which tasks are supposed to be performed in the same gap. Although we made our observation in section 2.1, the exact use of scheduling gaps for different tasks is up to UE implementation. After RAN4 has reached agreements on the assumption (if possible), more details need to be discussed, e.g. when same gap is used for serving cell SSB measurement and neighbor cell measurement, whether the performance of neighbor cell measurement be impacted by the serving cell T/F tracking may need to be discussed. 
· Impacts to existing requirements for tasks in NW A. The first question is whether measurement configured by NW A would be also conducted in the scheduling gaps. If yes, then many details of gap sharing need to be discussed. If not, it means the performance for measurement configured by NW A may be impacted, e.g. due to SMTC windows being punctured by the scheduling gaps. Also, if NW A configures MG, then UE would have more than one gaps activated. For UE supporting concurrent MGs, it might be possible to apply the framework, but there are also details to be checked, and there would be also UEs not supporting concurrent MGs.
There are only two meetings left (in Jan. and Feb. 2022) to complete the Rel-17 core part, and it is clearly not enough for RAN4 to define the RRM requirements. Therefore, we suggest that no RRM requirements are to be defined for MUSIM in Rel-17.
In [2] there is a Q3 from RAN2
	Question 3: What are the impacts of multiple activated MUSIM gaps (at most two periodic gaps and a single aperiodic gap) from RAN4 perspective?


Based on above analysis, we suggest RAN4 to reply that when multiple MUSIM gaps are activated, UE may not be able to meet the RRM requirements for measurements configured by NW A.
Proposal 2: No RRM requirements are to be defined for MUSIM in Rel-17.
Proposal 3: RAN4 replies to RAN2 that when multiple MUSIM gaps are activated, UE may not be able to meet the RRM requirements for measurements configured by NW A.
[bookmark: _GoBack]Conclusions
In this paper we provided our views on the possible RRM impacts due to SDT.
Observation 1: It is likely that two separate periodic gaps are used for 
· serving cell SSB measurement and all neighbor cell measurements, and 
· paging reception
Observation 2: Existing MG pattern 0~23 is sufficient for tasks in Scenario 1.
Observation 3: It is likely that aperiodic scheduling gap is used for SI reading in NW B.
Observation 4: Existing MG pattern 0~25 is sufficient for tasks in Scenario 2.
Observation 5: Existing MG pattern 25 is sufficient for Scenario 3.
Proposal 1: RAN4 confirms and replies to RAN2 that existing MG pattern 0-25 are sufficient for Scenario 1, 2 and 3.
Proposal 2: No RRM requirements are to be defined for MUSIM in Rel-17.
Proposal 3: RAN4 replies to RAN2 that when multiple MUSIM gaps are activated, UE may not be able to meet the RRM requirements for measurements configured by NW A.
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