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1. Introduction
In RAN4#98e RAN4 had initial discussion on multiple concurrent and independent MG patterns, with agreement and open issues captured in the approved WF [1]. In this contribution, we provide further discussion on the open issues.
2. Discussion
RAN4 reached agreement on definition of concurrent MG but definition of independent MG is still FFS:
· FFS definition of independent MG
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
· Other option is not precluded
· FFS whether to merge the definition of independent gap and concurrent gap.
Option 1 was proposed by us in RAN4#98e. we continue supporting it in this meeting. As for option 2 from UE behavior perspective, one thing needs to be clarified is whether “simultaneously” means there is overlapping between MG occasions from the two MG patterns. If so, it can be considered as a subset of option 1.
Another thing is that we propose to merge the definition of concurrent gap and independent gap. Otherwise, it is unclear to us what is “multiple concurrent and dependent MG” or “non-concurrent and independent MG”
[bookmark: _Ref68160613]Proposal 1: gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different.
[bookmark: _Ref68160616]Proposal 2: RAN4 shall merge the definition of independent gap and concurrent gap.
Another open issue is about the relation to per-UE and per-FR gap:
· RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded
· RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
· RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.
In our understanding if UE can support per-FR gap, probably network won’t configure per-UE gap even though it is feasible from RRC configuration perspective. We don’t see the benefit of doing that. So option 2 is not preferred. Option 1 is agreeable for us. As for option 3, it is generally fine. One issue is that per-FR gap capable UE is also per-UE gap capable. Thus the wording is not that precise.
[bookmark: _Ref68160621]Proposal 3: All concurrent MGs are of the same type (per UE MG or per FR MG).
Regarding overlapping, RAN4 had agreement as follows:
· RAN4 to work on at least non-overlapping concurrent gap as a start point. 
· FFS whether to work on partially and fully-overlapped cases.
Starting from non-overlapping concurrent gap makes sense. As UE vendor, we do want to avoid high complexity result from overlapping cases. However, if we completely remove the overlapping cases, the use case would be quite limited and the benefit of the feature would be jeopardized. Therefore, we propose to work on partially overlapped case and leave fully overlapped case for further study.
[bookmark: _Ref68160624]Proposal 4: RAN4 to work on non-overlapping concurrent gaps and partially overlapped gaps.
As for MG overhead:
· Overhead for configuring multiple concurrent MG patterns.
· Option 1: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition 
· Option 2: Depends on NW configuration
· Other option is not precluded
We don’t think we should leave the overhead fully to NW configuration. Depending on implementation, different types of UE should have the flexibility to choose the maximum supported MG overhead. Therefore option 2 is not acceptable. We continue supporting option 1. To move forward, we propose that the cap can be defined based on the maximum MG overhead according to the supported single MG pattern. For instance, if UE support GP#4 (MGL=6ms, MGRP=20ms) in supportedGapPattern. Then the cap on MG overhead when configured with multiple MG patterns should be 6/20=30%. 
[bookmark: _Ref68160627]Proposal 5: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition for multiple concurrent MG patterns. One possible option is to define it as the maximum MG overhead according to the supported single MG pattern.
For measurement requirements, RAN4 reached the following agreements:
· Measurement capability
· Keep Rel-16 UE measurement capability of number of layers to be monitored by gap(Section 9.1.3 of TS38.133) for UE configured with concurrent gaps.
· CSSF
· RAN4 to discuss how to define CSSF for concurrent gaps.
· Other requirements
· FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG. 
· Other requirements can be further discussed in future meetings
To discuss the CSSF design for multiple concurrent MG patterns, one important thing is to discuss the UE measurement behavior within each MG occasion. A simple scenario could be that UE is configured with two MG patterns and each MG pattern covers different MO without any overlapping. Thus it is quite straightforward that the scaling factor CSSFwithin_gap can be calculated independently. However, it is likely that certain MO can be covered by multiple MG patterns. For this case RAN4 needs to discuss the UE measurement behavior.
[bookmark: _Ref68160629]Proposal 6: if each MO can only be covered by certain MG pattern (cannot be covered by other MG pattern), then CSSFwithin_gap for each MO can be calculated independently. For other scenarios, further discussion is needed.
3. Conclusion
In this contribution, we provide further discussion on multiple concurrent and independent MG patterns. After discussion the following proposals are made:
Proposal 1: gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different.
Proposal 2: RAN4 shall merge the definition of independent gap and concurrent gap.	
Proposal 3: All concurrent MGs are of the same type (per UE MG or per FR MG).	
Proposal 4: RAN4 to work on non-overlapping concurrent gaps and partially overlapped gaps.
Proposal 5: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition for multiple concurrent MG patterns. One possible option is to define it as the maximum MG overhead according to the supported single MG pattern.
Proposal 6: if each MO can only be covered by certain MG pattern (cannot be covered by other MG pattern), then CSSFwithin_gap for each MO can be calculated independently. For other scenarios, further discussion is needed.
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