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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In the incoming LS [1], RAN2 shares their agreements regarding how to enable UE under multiple SIM operation, including the 3 scenarios, gap types, configurations, activations and UE assistance information. The 3 scenarios are listed below.
	· 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


RAN2 also asked some questions to RAN4, regarding how to support the scenarios, any new gaps needed and impact to RAN4 spec. 
	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 provide our views on this topic.
2 Assessment on current gap patterns
We provide some analysis on the UE behaviours for scenarios 1, 2 and 3 as well whether new gaps are needed for each scenarios.

· Scenario 1
· Paging reception: This is purely based on the PF/PO configuration. A gap can be configured with the MGRP to follow the paging frame configuration. However, regarding the MGL, it highly depends on the paging occasion (PO) configurations. For certain PO configurations, UE may need to monitor more than 5ms and the current MGLs are not feasible.
[bookmark: _Ref85661571]Observation 1: Current MGL may not be enough to cover all possible PO configurations in Network B.
· Serving cell measurement: In general, UE needs to perform serving cell measurements once per every DRX cycle, but the SMTC occasions are not always guaranteed to align with paging occasions in time domain. In case SMTC and paging are separated by more than 5ms, 2 gap patterns are needed. In general, existing MGRP and MGL can cover the SMTC occasions. One potential issue could be that MGRPs (≤160ms) are all far smaller than the DRX cycles (≥320ms) in IDLE mode. Using existing MGRP may lead to unnecessary throughput loss in Network A. Whether to introduce gap patterns with larger MGRP can be FFS.

· Intra-frequency neighbouring cell measurement: Typically, UE can perform serving cell measurement and intra-frequency neighbouring cell measurement at the same time, because the all SSBs of serving cell and neighbouring cells will be contained in the intra-frequency SMTC occasions. One single gap can be shared by these 2 purposes, although UE does not need to do intra-frequency neighbouring cell measurement as frequent as serving cell.
· If smtc2-LP is configured, the gap pattern may need to align with smtc2-LP.
[bookmark: _Ref85661572]Observation 2: Current MGRPs can cover the purpose of serving cell and intra-freq measurements in Network B, but with necessary throughput loss in Network A
· Inter-frequency neighbouring cell measurement: UE also needs to measure some inter-frequency layers. In IDLE mode, UE try to leverage the DRX inactive time to re-tune its RF frequency to multiple frequency layers without affecting paging reception. However, under MU-SIM operation, UE needs gaps to do so. The problem is that the SMTC occasions of inter-frequency layers are not guaranteed to always align with the intra-frequency SMTC occasions. If they are unaligned, UE will need additional gap(s) with different offset(s) to cover the SMTC occasions in multiple inter-frequency layers.

Note that to have more accurate measurement or to improve paging detection rate, UE may need to receive additional SMTC samples for AGC. Therefore, allowing more opportunities for measurements than what are needed in the requirements could still be beneficial.

[bookmark: _Ref85661574]Observation 3: If the SMTC occasions of multiple inter-frequency layers in Network B are not aligned, UE may need additional gaps with different offsets to perform the measurements.

· Inter-RAT measurements: Theoretically, inter-RAT measurements do not need to be confined in a specific time duration like SMTC. Therefore, it can be done at any time as long as the gap is provided with MGL=6ms. 

[bookmark: _Ref85661575]Observation 4: Current MGL and MGRP can covers the SMTCs for serving cell, intra-frequency and inter-frequency measurements in Network B.


· Scenario 2
· For SSB and CORESET#0 multiplexing patterns #2 and #3, same gap configured for intra-freq measurement could be re-used for SIB1 reading. For pattern #1, an additional gap may be needed.
· The default transmission repetition periodicity of SIB1 is 20 ms. Therefore, the current MGRPs can be re-used. 
· Regarding the MGL, it is highly related to the multiplexing pattern as well as the number of broadcasted SSBs. In some particular cases, MGL 6ms is not able to cover all SIB-1 associated to all SSB. 
· Regarding other system information, in our view they can follow similar conclusions as SIB-1

[bookmark: _Ref85661577]Observation 5: In some particular cases, MGL 6ms cannot cover the system information blocks associated to all SSBs.


· Scenario 3
· After UE transmits msg1, UE waits for the msg2 with the ra-ResponseWindow up to 10ms for licensed bands and up to 40ms for unlicensed bands. 
· After UE transmit msg3, UE starts to monitor msg4 before the expiry of the ra-ContentionResolutionTimer which could be 64ms.
· Therefore, in the worst case, the RACH procedure may take up to roughly 80ms for licensed band and 110ms for unlicensed band

[bookmark: _Ref85661578]Observation 6: RACH procedure may take up to roughly 80ms for licensed band and 110ms for unlicensed band

With above discussion, we tend to consider that the current gap patterns are not sufficient for MU-SIM purpose. But it is still up to the RAN4 discussion on whether to support all possible configurations in current spec.
· For MGRP, RAN4 needs to decide whether to introduce some larger MGRPs in order to reduce throughput loss in Network A for the measurement activities in Network B. 
· For MGL, RAN4 needs to decide whether to introduce some longer MGLs in order to cover more PO configurations, SIBx associated to all SSBs and the whole RACH procedure. 
· For the offset, RAN4 needs to decide whether more than 2 periodic gaps should be introduced to cover the unaligned SMTC occasions of intra-frequency and inter-frequency layers in time domain. Or in the other way around RAN4 wants to limit the scenarios to consider only aligned SMTCs.
[bookmark: _Ref85661608]Proposal 1: RAN4 needs to decide whether to introduce some longer MGRPs in order to reduce throughput loss in Network A for the measurement activities in Network B.
[bookmark: _Ref85661610]Proposal 2: RAN4 needs to decide whether to introduce some longer MGLs in order to cover more PO configurations, SIBx associated to all SSBs and the whole RACH procedure.
[bookmark: _Ref85661612]Proposal 3: RAN4 needs to decide whether more than 2 periodic gaps should be introduced to cover the unaligned SMTC occasions of intra-frequency and inter-frequency layers in time domain, or limit the scenarios to consider only aligned SMTCs.
3 RAN4 spec impact
The impact to RAN4 spec would be huge. As the new gap offsets could be any arbitrary value (depending on Network B configurations), the gap occasions for MU-SIM could overlap with other regular measurement gap(s) configured for RRM purposes in Network A. Given that the current principle that UE is only expected to measure one frequency layer at a time. All the frequency layers configured by Network A and Network B may need to share the same gap. In other words, the delay requirement will be changed. RAN4 needs more time to figure out the corresponding requirement, if possible. 
This additional UE measurement behaviour may lead to some uncertainty for Network A to estimate UE’s measurement delay. E.g., if Network A configures a gap for a UE to measure 3 frequency layers, and Network B configures 7 frequency layers in IDLE mode. Without MU-SIM, network can roughly estimate that the measurement delay of each layer will be scaled by 3. However, with MU-SIM feature enabled, the measurement delay could actually be scaled by 10 instead. And this change is not known by Network A.
RAN4 is currently working on Rel-17 MG enhancement in which one objective is to introduce concurrent gap. It may already take RAN4 the whole Rel-17 release to finalize the requirement with at most 2 gaps configured to UE. It is obviously more complex to further consider adding 3 more gaps. In our view, RAN4 could still help to add new gap patterns in TS38.133 per RAN2’s request. But due to the current RAN4 workload, we suggest that no requirements for MU-SIM is be introduced in Rel-17.
[bookmark: _Ref85661614]Proposal 4: RAN4 to add new gap patterns in TS38.133 per RAN2’s request, but no requirements for MU-SIM is introduced in Rel-17.
4 Conclusion
In the contribution, we discuss the in-coming LS [1] from RAN2 on MU-SIM gap support. We have the following observations and proposals.
Observation 1: Current MGL may not be enough to cover all possible PO configurations in Network B.
Observation 2: Current MGRPs can cover the purpose of serving cell and intra-freq measurements in Network B, but with necessary throughput loss in Network A
Observation 3: If the SMTC occasions of multiple inter-frequency layers in Network B are not aligned, UE may need additional gaps with different offsets to perform the measurements.
Observation 4: Current MGL and MGRP can covers the SMTCs for serving cell, intra-frequency and inter-frequency measurements in Network B.
Observation 5: In some particular cases, MGL 6ms cannot cover the system information blocks associated to all SSBs.
Observation 6: RACH procedure may take up to roughly 80ms for licensed band and 110ms for unlicensed band
Proposal 1: RAN4 needs to decide whether to introduce some longer MGRPs in order to reduce throughput loss in Network A for the measurement activities in Network B.
Proposal 2: RAN4 needs to decide whether to introduce some longer MGLs in order to cover more PO configurations, SIBx associated to all SSBs and the whole RACH procedure.
[bookmark: _GoBack]Proposal 3: RAN4 needs to decide whether more than 2 periodic gaps should be introduced to cover the unaligned SMTC occasions of intra-frequency and inter-frequency layers in time domain, or limit the scenarios to consider only aligned SMTCs.
Proposal 4: RAN4 to add new gap patterns in TS38.133 per RAN2’s request, but no requirements for MU-SIM is introduced in Rel-17.
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