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1. Introduction
In RAN4#100e multiple concurrent and independent MG pattern design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the multiple MGP design with focus on the open issues listed in [1].
2. Discussion
We will discuss the issues following the order in the approved WF [1]:
1) Whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured
· Open issues
· Option 1: No need to further discuss
· Option 2: Not allowed 
· Option 3: Allowed 
· Option 4: Up to UE capability
· FFS whether 2G/3G should be considered in concurrent MG work.
· Note:
· In this scenario, no NR measurement is configured to UE. 
· LTE measurement includes positioning measurement.
We don’t think it is necessary to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured. Reason is twofold: 1) in LTE there is PSS, SSS and CRS every 5ms. Therefore, a MGP with 6ms MGL can cover any LTE cell. 2) multiple concurrent gap patterns are not supported in LTE. Allowing such feature will not only increase the complexity of LTE module, but also result in extra standard work.
[bookmark: _Ref85227743]Proposal 1: not allow concurrent gap in the case when only non-NR RAT measurement objectives are configured.

2) Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs
· Open issues
· Option 1: No
· Option 2: Yes 
· Option 2a: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement
· Note: If Option 2 or 2a is agreed, inform RAN2 about the RAN4 decision.
From system throughput perspective, we don’t see any benefit for NW to configure per-UE gap for the UE which supports per-FR gap. Because for every FR1 MGP there is a corresponding FR2 MGP with shorter MGL. One exception is for PRS measurement. According R16 PRS measurement design, PRS measurement is always with measurement gap. In our understanding the measurement gap for PRS measurement shall apply for all serving cells across FR1 and FR2. It is equivalent to per-UE gap.
[bookmark: _Ref85227748]Proposal 2: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.

3) Issue 3-2: Max number of concurrent gap across all FRs for per-FR gap capable UEs
· Open issues
· Option 1: 3
· Option 2: 4 
It was agreed in RAN4#99e that up to two MGP per FR is supported. On top of that we prefer to define the max number of concurrent gap across all FRs. On one hand, this can somehow reduce UE complexity. On the other hand, we think 3 concurrent gaps can handle most scenarios.
However, one thing we would like to highlight is that in other ongoing R17 WI there is a need for RAN4 to support more concurrent gap patterns. For instance, in MUSIM RAN2 is expecting UE can support 3 concurrent gap patterns for SI reading in network B. In NTN UE may be configured with up to four different SMTC. If NW wants to cover all of them, up to four concurrent measurement gap patterns is needed.
[bookmark: _Ref85227754]Proposal 3: without considering NTN and MUSIM, up to 3 concurrent gap patterns across all FRs for per-FR gap capable UEs is supported in this release.
[bookmark: _Ref85227760]Proposal 4: additional concurrent gap patterns can be considered in NTN or MUSIM operation.

4) Rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced
· Agreement:
· Define a general rule for UE from the following  aspects:
· Gap collision handling on UE’s measurement behavior if it is agreed to define the requirements for any or all of the FO/FPO/PFO/PPO/FNO cases
· Option 1: Define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining
· Option 2: Consider priority when measuring only in one MG in occasions where the two MGs are overlapped. Consider gap sharing if each priority for two MGs is same
· Option 3: Only priority rule, e.g., UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions.
· Option 4: Per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
· Option 5: Define a priority pattern to indicate which gap will be prioritized within the collision gap instance once proximity condition is met, e.g., NW indicates the priority pattern based on the LCM of two gaps’ MGRPs. The data scheduling is expected during the dropped gap instance.
· Other options not precluded
· the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [X]ms between the two gap instances
· FFS whether the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases
· If yes, RAN4 can further skip the discussion on issue 4-2,4-3,4-4,4-5,4-6. 
· Note: Focus on UE’s measurement behaviour. The scheduling opportunity (i.e., gap interruption) will be discussed in a separate issue. 
Option 1 is a feasible solution. Option 2 and 3 can be covered by option 1 by configuring 100% as sharing factor, since only up to two MGPs are supported. Option 4 is similar with option 3 and it can also be covered by option 1. Option 5 is much more complicated than option 1. However, compared with option 1 we don’t observe obvious gain in option 5.
Regarding proximity conditions of [X]ms between the two gap instances, we think 2ms should be enough, considering 2ms processing has been widely used in other RRM requirements.
As for FO/FPO/PFO/PPO/FNO, we are not sure if all the overlapped scenarios are realistic in practice. Nevertheless, if the above general rule can apply for those scenarios without too much extra standard effort, we see no harm to support them.
[bookmark: _Ref85227765]Proposal 5: for gap collision handling on UE’s measurement behavior, define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining.
[bookmark: _Ref85227771]Proposal 6: the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [2]ms between the two gap instances.
[bookmark: _Ref85227777]Proposal 7: the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases.

5) Whether to define gap cancelling rule for FNO
· Note: This issue is merged in Issue 6-1
Issue 6-1: Gap interruption
· Agreement:
· Legacy MG interruption requirements apply, e.g., a slot is considered to be interrupted by gap if it is interrupted by any one of the gaps
· Note: RAN4 may revisit this issue (e.g., gap cancellation to resume data transmission on cancelled gaps) after RAN4 reaches consensus on Issue 4-1
NW scheduling is quite flexible, such that NW can most likely avoid collision between scheduling and MG, even if UE is configured with two concurrent MGPs. For instance:
[image: ]
However, due to restriction of k0, k1 and k2 design, sometimes (in large SCS) the collision cannot be completely avoided by choosing DCI. It depends on the MGL and the time distance between the two gap occasions. Once such collision occurs, UE cannot handle gap-based measurement and data scheduling together. If we want to prioritize NW scheduling, we need to introduce gap cancelling rules. It is challenging to justify the gain of gap cancelling. Even for a simple solution such as UE cancels the gap if there is any collision between the gap occasion and NW scheduling and MG, it is still too complicated:
[image: ]
Once the gap is cancelled, measurement latency has to be extended. A simple solution is to avoid such MG configuration, i.e. leave enough time distance between two MG occasions.
[bookmark: _Ref85227783]Proposal 8: more justification is needed if RAN4 decides to introduce gap cancelling due to NW scheduling. A simple solution is to avoid such concurrent MG configuration.

6) Whether to define an overhead cap for concurrent gaps
· No consensus on defining an overhead cap for concurrent gaps in this meeting
· Open issue
· Option 1: Yes
· Option 2: No
· Option 3: Postponed to 2nd phase
We still believe it is necessary to introduce an overhead cap for concurrent gaps, in order to 1) avoid high throughput degradation. 2) avoid high UE complexity. 3) allow more UE to enjoy this feature. A compromised solution is to introduce a UE capability on the maximum overhead.
[bookmark: _Ref85227787]Proposal 9: it is necessary to introduce an overhead cap for concurrent gaps. RAN4 can introduce a UE capability indicating the supported maximum overhead.

7) UE measurement assumptions for different reference signals
· Open issue:
· FFS whether to additionally consider the limitation that each reference signal can only be measured in one MG pattern
We are open to this. However, so far we don’t see the necessity to have such restriction, except for PRS measurement.

8) CSSF calculation
· Open issue:
· FFS whether CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.
We think it is a good approach to design CSSF separately for each MG. If RAN4 decides to support overlapped scenario, then additional delay due to gap dropping can be reflected in the measurement latency requirements in section 9.
[bookmark: _Ref85227836]Proposal 10: CSSF is separately calculated for each MG. If RAN4 decides to support overlapped scenario, then additional delay due to gap dropping can be reflected in the measurement latency requirements in section 9

9) Transition period for gaps configuration/ reconfiguration
· Open issue:
· Option 1: Introduce a transition period for gap configuration/deconfiguration
· After the concurrent gap application time, the measurement will be performed immediately for the MOs which could not be performed within legacy MG but can be within concurrent gaps.
· After concurrent gaps deconfiguration, both NW and UE should have the same understanding on when data will be scheduled on the disabled MG occasions.
· After concurrent gaps deconfiguration application time, data scheduling is expected on the disabled MG’s time occasions
· Option 2: Do not introduce a transition period for gap configuration/deconfiguration
· Option2a: Do not introduce a transition period if it’s agreed the RRC processing time is sufficient for gap configuration/deconfiguration.
In our understanding, RRC processing time shall be enough, and no additional time is needed. If companies have different views we are open to discuss.
[bookmark: _Ref85227843]Proposal 11: Do not introduce a transition period if it’s agreed the RRC processing time is sufficient for gap configuration/deconfiguration.

10) Impact to other L1 measurements  
· Open issue:
· FFS whether define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements
· Companies are encouraged to bring more detail in the next meetings
According to current spec, a scaling factor P is used to handle the collision between L1 and L3 measurement. As multiple concurrent gap patterns become feasible, more collision would occur. Even if the existing methodology can be reused, i.e. UE perform L1 measurement outside MG, the existing formula of P may need to be updated. Take FR1 for example, according to previous agreement up to two concurrent gaps can be configured per FR:
	For FR1,
[bookmark: _Hlk16676113]-	, when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, and these measurement gaps are overlapping with some but not all occasions of the SSB; and


For FO and FPO, existing P can apply.
For FNO:
       =>      
For PFO and PPO:
       =>      
Similar update is needed in FR2 requirements. One thing we would like to highlight is that L1 measurement performance degradation can be expected in FNO scenario, especially in FR2. Such degradation would result in worse performance of RLM, BFD, CBD, L1-RSRP and L1-SINR. One possible solution is to allow sharing between L1 measurement and measurement gap pattern(s). RAN4 can study if this is a serious problem.
[bookmark: _Ref85227848]Proposal 12: existing L1 measurement requirements need to be revisited. 
[bookmark: _Ref85227852]Proposal 13: RAN4 to study if L1 measurement degradation due to multiple concurrent gaps needs to be addressed in this WI.
3. Conclusion
In this contribution, we further discuss the multiple concurrent and independent MG patterns design. After discussion, the following conclusions are provided:
Proposal 1: not allow concurrent gap in the case when only non-NR RAT measurement objectives are configured.
Proposal 2: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
Proposal 3: without considering NTN and MUSIM, up to 3 concurrent gap patterns across all FRs for per-FR gap capable UEs is supported in this release.
Proposal 4: additional concurrent gap patterns can be considered in NTN or MUSIM operation.
Proposal 5: for gap collision handling on UE’s measurement behavior, define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining.
Proposal 6: the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [2]ms between the two gap instances.
Proposal 7: the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases.
Proposal 8: more justification is needed if RAN4 decides to introduce gap cancelling due to NW scheduling. A simple solution is to avoid such concurrent MG configuration.
Proposal 9: it is necessary to introduce an overhead cap for concurrent gaps. RAN4 can introduce a UE capability indicating the supported maximum overhead.
Proposal 10: CSSF is separately calculated for each MG. If RAN4 decides to support overlapped scenario, then additional delay due to gap dropping can be reflected in the measurement latency requirements in section 9.
Proposal 11: Do not introduce a transition period if it’s agreed the RRC processing time is sufficient for gap configuration/deconfiguration.
Proposal 12: existing L1 measurement requirements need to be revisited. Take FR1 for example:
· For FO and FPO, existing P can apply.
· For FNO:
       =>      
· For PFO and PPO:
       =>      
Proposal 13: RAN4 to study if L1 measurement degradation due to multiple concurrent gaps needs to be addressed in this WI.
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