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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:
· Issues related to UE capability
· Overlapping MG
· MG overhead
Issues related to UE capability
In RAN4#101-bis-e, RAN4 reached an agreement about the maximum number of concurrent MGs for a UE that supports per-FR gaps [1].
Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering other Wis)
Agreement
· The maximum number of concurrent gaps across all FRs for per-FR gap capable UEs is 
· 3 for SA case
· FFS for MR-DC case if it is supported

Regarding the FFS in the agreement, RAN2 has already agreed that concurrent MGs will not be supported in MR-DC [2].
Proposal 1: Rel-17 concurrent measurement gaps are not supported in MR-DC mode.
The agreement above states that a maximum of 3 concurrent measurement gaps across all FRs is supported in SA mode. At the same time, RAN4 included the table below in a LS to RAN2 [3]. Row 5 has not been agreed in RAN4 and it is not consistent with the above agreement of a maximum of 3 concurrent MG across FRs. A per-UE measurement gap affects carriers in both FRs and, therefore, it should be counted as a gap in each FR.



	Combinations of different gap types for per-FR gap capable UE

	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
	Supported when per-UE gap is associated to PRS measurement

	4
	0
	1
	1
	

	5
	1
	1
	1
	

	6
	0
	0
	1
	Supported

	7
	1
	1
	0
	Supported

	8
	1
	0
	0
	Supported

	9
	0
	1
	0
	Supported

	10
	2
	0
	0
	Supported

	11
	0
	2
	0
	Supported



Proposal 2: Row 5 in the table is not supported by default with the UE capability for Rel-17 concurrent MG. It may be supported with a separate, dedicated bit in the UE capability.
Overlapping MG
RAN4 has reached the following agreement regarding the definition of colliding MG occasions [1]:
X value in proximity condition for overlapping in FR2
Open issue
· FFS to consider as least X=4 in proximity condition for overlapping in FR2
· FFS to introduce X=0 as an optional UE capability

One open issue in the definition of colliding concurrent measurement gaps is the value of the proximity condition in FR2. We support the same value that was agreed for FR1.
Proposal 3: Use X = 4ms for the proximity condition of overlapping MG in FR2.
In our view, the applicability of the definition of “colliding occasions” should be clarified. The definition should not apply between two per-FR gaps in different FRs.
Proposal 4: The definition of colliding measurement gap occasions applies only between
a. two per-FR1 gaps, or
b. two per-FR2 gaps, or
c. one per-UE gap and one per-FR (FR1 or FR2) gap.

In RAN4#101-bis-e, the following options were further discussed to resolve gap collisions [1]:
UE behavior during colliding gap occasion
Open issue
· Option 1: Priority rule
· UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions
· The priority can be configurable or fixed
· Option 5: Compromised proposal from moderator
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors.
· The signalling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%.
· The requirements for other sharing factors are FFS in later releases.  
Agreement: CRs can be drafted based on Option 1 with the editor’s note: “The detail UE behavior can be revised based on the later RAN4 agreement on UE behavior during colliding gap occasion.”

Between the two options above, option 1 is preferrable for simplicity and robustness. Robustness would be achieved by requiring that each concurrent MG is configured with a unique priority, so that collisions between any instances of any of the MG can be resolved unambiguously. i.e. it would be clear which gap instance is kept and which ones are dropped in each collision. It would enable the network to schedule data transfers with the UE during the dropped gap instances.
Option 5 does not offer any advantages over option 1 if only sharing ratios of 0% and 100% are supported. Whether more flexible sharing ratios can be supported would depend on the signalling introduced by RAN2. Additional rules may be needed to be able to resolve collisions unambiguously depending on the signalling defined by RAN2. If collisions cannot be resolved unambiguously, data transfers cannot be scheduled during any gap occasions involved in a collision.
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 5: Support priority rule (option 1) to resolve collisions between concurrent MG instances. Each concurrent MG should be assigned a unique priority so that collisions can be resolved without ambiguity and data transfers can be scheduled during the dropped gap instances.
Note that with either option above to resolve gap collisions, for fully-overlapping (FO) and fully-partially-overlapping (FPO) concurrent gaps, all the gap instances from one of the configured MGs would be dropped. Since this is predictable based on MG configuration, it would be equivalent to configuring only one of the MGs.
Proposal 6: Do not introduce support FO or FPO concurrent MG in Rel 17.
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 7: 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.
Conclusions
Proposal 1: Rel-17 concurrent measurement gaps are not supported in MR-DC mode.
	Combinations of different gap types for per-FR gap capable UE
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Proposal 2: Row 5 in the table is not supported by default with the UE capability for Rel-17 concurrent MG. It may be supported with a separate, dedicated bit in the UE capability.
Proposal 3: Use X = 4ms for the proximity condition of overlapping MG in FR2.
Proposal 4: The definition of colliding measurement gap occasions applies only between
a. two per-FR1 gaps, or
b. two per-FR2 gaps, or
c. one per-UE gap and one per-FR (FR1 or FR2) gap.
Proposal 5: Support priority rule (option 1) to resolve collisions between concurrent MG instances. Each concurrent MG should be assigned a unique priority so that collisions can be resolved without ambiguity and data transfers can be scheduled during the dropped gap instances.
Proposal 6: Do not introduce support FO or FPO concurrent MG in Rel 17.
Observation 1: Calculating MG overhead would need to account for any rules for resolving gap collisions and per-FR vs. per-UE gaps.
Proposal 7: 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.
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