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Introduction
In RAN4#100-e meeting, RAN4 continued discussing requirements for multiple concurrent measurement gaps. Progress was captured in a WF [1]. In this paper, we discuss the following topics:
· Applicability and configurations
· Issues related to UE capability
· Overlapping MG
· MG overhead
· Measurement requirements
· Miscellaneous
Applicability and configurations
In RAN4#100-e, the following agreement was reached regarding association of PRS with MG [1]:
· Agreement:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue

We would like to clarify the wording in the previous agreement, which we believe is consistent with the original intention.
Proposal 1: For a UE capable of supporting multiple concurrent MG, the network can configure one of the MG exclusively for NR positioning measurements, i.e. the MG would not be shared with any other types of measurements.
Another applicability issue is whether to allow concurrent measurement gaps in the case when only non-NR RAT measurement objectives are configured.
· 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.

Overall, we don’t see a strong need to enhance UE measurement capabilities for scenarios where only non-NR RAT measurements are configured by the network. The legacy MG capabilities should suffice for those cases. Support option 2.
Proposal 2: No need to support configuring multiple concurrent MG for scenarios where only non-NR RAT measurements are configured by the network.
Issues related to UE capability
The first issue is whether to allow simultaneous configuration of per-UE gap and per-FR gap for UEs that support per-FR gaps and multiple concurrent gaps.
· 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.

We support option 2. This configuration should be allowed subject to UE capabilities for per-FR gaps and multiple concurrent gaps. At least one use case of interest is when the UE is configured with NR RRM and PRS measurement. Currently PRS measurements are only supported with per-UE MG [2], while RRM measurements with either per-UE or per-FR, subject to UE capability. While we expect a new capability for indicating support of PRS measurements with per-FR gaps to be introduced in Rel-17, some UEs may not support it but still support multiple concurrent gaps.
Proposal 3: For UEs capable of per-FR gaps and multiple concurrent gaps, support simultaneous configuration of per-UE gap and per-FR gap when the per-UE gap is used for positioning measurements.
Regarding the maximum number of concurrent MG that can be configured, we support a maximum of  3.
Proposal 4: Support a maximum of 3 concurrent MG. Specifically, support concurrent MG combinations in rows 0-4 in the table below. 
NOTE: Rows 7-10 are currently supported in Rel-16.


	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported



Overlapping MG
The first proposal is one clarification regarding the applicability of rules to handle colliding MGs, if it is agreed to support for such gaps.
Proposal 5: If it is agreed to support overlapping concurrent measurement gaps, any rules to resolve collisions between overlapping measurement gaps would only apply between
a. two per-FR1 gaps,
b. two per-FR2 gaps,
c. one per-UE gap and one per-FR (FR1 or FR2) gap.



The following agreement was reached regarding the introduction of rules to handle colliding gaps [1]:
· 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.


In our view, RAN4 should aim to simplify this feature of concurrent MG by limiting the number of overlapping configurations, if any, that may be supported and agree to simple rules to handle gap collisions.
We do not see a good motivation to support concurrent MG with the same MGRP when all gap instances overlap fully or partially.
Proposal 6: Do not support FO or FPO concurrent MG.
For handling gap collisions, we support the following simple rules below.
Proposal 7: Support the following rules for handling gap collisions for PFO and/or PPO configurations (if agreed):
· For each colliding instance, select the gap with the longest MGRP.
· Take into account the proximity condition between gap instances when declaring a collision.
· In each case the UE performs measurements only within the selected/prioritized gap and data traffic is expected outside the selected/prioritized gap.
Proposal 8: X = 5 ms in the MG proximity condition.
Proposal 9: The rules for handling gap collisions would apply to FO, FPO, PFO and PPO, if any of them are agreed to be supported. No need to discuss each case separately.


MG overhead
In our view, the network should take into account MG overhead, i.e. the penalty of lost throughput, when configuring multiple concurrent gaps. Nonetheless, it may not be necessary to introduce a hard limit on MG overhead. It can be left up to the network to decide.
Observation 1: Calculating MG overhead would need to account for any rules for resolving gap collisions and per-FR vs. per-UE gaps.
Proposal 10: Do not introduce a hard limit on MG overhead. It would be up to the network to control MG overhead by choosing efficient MG configurations.
Measurement requirements
In RAN4#100-e the following agreement was reached regarding association between frequency layers and measurement gaps [1]:
· Agreement:
· Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)
· SSB, CSI-RS and PRS are treated as different frequency layers
· One MG can be associated with multiple frequency layers of the same or different use cases, while one frequency layer can only be associated to a single MG.

In our view, this agreement is sufficient and no additional limitations about associating a particular reference signal with one or more gaps needs to be considered.
Proposal 11: No need to impose the limitation that each reference signal can only be measured in one MG pattern.
Regarding the calculation of CSSF, we understand that the existing calculation of CSSF within gap can be applied to each measurement gap, accounting only for frequency layers and MOs associated with each gap. However, in the case of overlapping MG (if agreed) some modifications may be needed to take into account any agreed rules to resolve gap collisions.
Proposal 12: At least for non-overlapping concurrent MGs, CSSF within gap is calculated separately for each MG. Only the frequency layers/MOs associated with each MG would be counted when calculating CSSF within gap.
Proposal 13: FFS how to calculate CSSF for overlapping concurrent MGs, if such MG are agreed to be supported.


Miscellaneous
In this section we address some miscellaneous issues identified in the WF from RAN4#100-e [1].
The first issue has to do with the need of a transition period for MG configuration/reconfiguration.
· 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.


According to prior RAN4 agreement and LS, concurrent MG are configured via RRC [3]. Our understanding is that configuration/deconfiguration transition periods should be accounted for by RRC processing times. We support option 2a.
Proposal 14: Do not introduce a transition period if it’s agreed that the RRC processing time is sufficient for gap configuration/deconfiguration.
Regarding potential impact to RLM and other L1 measurements, our view is that the network should configure concurrent MG so that these functions are not adversely impacted.
Proposal 15: The network should configure concurrent MG so that RLM is not adversely impacted.


Conclusions
Proposal 1: For a UE capable of supporting multiple concurrent MG, the network can configure one of the MG exclusively for NR positioning measurements, i.e. the MG would not be shared with any other types of measurements.
Proposal 2: No need to support configuring multiple concurrent MG for scenarios where only non-NR RAT measurements are configured by the network.
Proposal 3: For UEs capable of per-FR gaps and multiple concurrent gaps, support simultaneous configuration of per-UE gap and per-FR gap when the per-UE gap is used for positioning measurements.
Proposal 4: Support a maximum of 3 concurrent MG. Specifically, support concurrent MG combinations in rows 0-4 in the table below. 
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported



Proposal 5: If it is agreed to support overlapping concurrent measurement gaps, any rules to resolve collisions between overlapping measurement gaps would only apply between
a. two per-FR1 gaps,
b. two per-FR2 gaps,
c. one per-UE gap and one per-FR (FR1 or FR2) gap.
Proposal 6: Do not support FO or FPO concurrent MG.
Proposal 7: Support the following rules for handling gap collisions for PFO and/or PPO configurations (if agreed):
· For each colliding instance, select the gap with the longest MGRP.
· Take into account the proximity condition between gap instances when declaring a collision.
· In each case the UE performs measurements only within the selected/prioritized gap and data traffic is expected outside the selected/prioritized gap.
Proposal 8: X = 5 ms in the MG proximity condition.
Proposal 9: The rules for handling gap collisions would apply to FO, FPO, PFO and PPO, if any of them are agreed to be supported. No need to discuss each case separately.
Observation 1: Calculating MG overhead would need to account for any rules for resolving gap collisions and per-FR vs. per-UE gaps.
Proposal 10: Do not introduce a hard limit on MG overhead. It would be up to the network to control MG overhead by choosing efficient MG configurations.
Proposal 11: No need to impose the limitation that each reference signal can only be measured in one MG pattern.
Proposal 12: At least for non-overlapping concurrent MGs, CSSF within gap is calculated separately for each MG. Only the frequency layers/MOs associated with each MG would be counted when calculating CSSF within gap.
Proposal 13: FFS how to calculate CSSF for overlapping concurrent MGs, if such MG are agreed to be supported.
Proposal 14: Do not introduce a transition period if it’s agreed that the RRC processing time is sufficient for gap configuration/deconfiguration.
Proposal  15: The network should configure concurrent MG so that RLM is not adversely impacted.
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