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Introduction
Based on the RAN4 agreements related measurement gap enhancement work on Concurrent measurement gaps, RAN4 has sent LSs to RAN2 informing about the status and agreements. Based on the information RAN2 has sent a reply LS [1] to RAN4 with some further questions related to concurrent measurement gaps, which needs to be addressed.
Discussion
Operation and limitation for concurrent gap
In the LS lists the outcome of the RAN2 discussion related to the operation and limitation for concurrent gap and informs RAN4 about the agreements reached:
RAN2 confirms the following understanding for concurrent gap operation:
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
2. Each frequency layer can be associated with only one of the concurrent gaps.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.

RAN2 to clarify “frequency layer” and limitations as below:
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Each measured SSB or LTE frequency is considered as one frequency layer.
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
SSB and CSI-RS measurement in one MO are considered as different frequency layers.
RAN2 would like to confirm with RAN4 that the above understanding is correct. Based on the agreements we give our views next.
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
Concurrent gaps is one or more additional measurement gaps which can be configured simultaneously with legacy measurement gaps. The existing UE capability related to legacy gaps are not changed. RAN4 has agreed that the UE can be configured with a maximum number of concurrent measurement gaps. 
Each concurrent measurement gap pattern can be associated with one or multiple frequency layers for the same or different RAT. RAN4 is currently focusing only on NR and LTE measurement requirements while 2G and 3G may be supported. RAN4 decided that it is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective.
2. Each frequency layer can be associated with only one of the concurrent gaps.
Yes. 
[bookmark: _Hlk84919808]RAN4 has agreed that each frequency layer can be associated with only one concurrent measurement gap. From RAN4 perspective:
· [bookmark: _Hlk84919820]SSB, CSI-RS and PRS are treated as different frequency layers
· One concurrent measurement gap can be associated with multiple frequency layers of the same or different use cases (SSB, CSR-RS or PRS), while one frequency layer can only be associated to a single MG.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
Yes.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.
Yes.
RAN4 confirms that no new gap pattern is introduced for concurrent gap. The existing measurement gap patterns can be configured for concurrent measurement gap provided current applicability rules in 38.133 are followed.
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Yes.
RAN4 has agreed that for concurrent measurement gaps, PRS measurement for positioning including all positioning frequency layers is associated with only one of the concurrent gaps.
Each measured SSB or LTE frequency is considered as one frequency layer.
Partly yes.
RAN4 has agreed that SSB, CSI-RS and PRS are treated as different frequency layers.
However, there is no explicit agreement that a measured LTE frequency is considered as one frequency layer. We have additional discussion on this issue in our paper [3]
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
RAN4 has no explicit agreement related to whether measured CSI-RS resources with the same center frequency is considered as one frequency layer. RAN4 has agreed that SSB, CSI-RS and PRS are treated as different frequency layers.
RAN4 has not excluded that it is possible to have multiple MOs including CSI-RS resources with same center frequency. We have additional discussion on this issue in our paper [3]
SSB and CSI-RS measurement in one MO are considered as different frequency layers.
Yes.
RAN has agreed SSB, CSI-RS and PRS are treated as different frequency layers.
[bookmark: _Hlk92737492]Reply and confirm to RAN2 according to above discussion TP. Additionally, clarify to RAN2 on the Issues not yet explicitly agreed in RAN4 yet.

Additional questions from RAN2
Additionally, RAN2 asked 5 questions in the incoming LS.
Q1 – Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
Yes. Rel-17 concurrent gaps be configured together with legacy gap.
For a UE supporting Per-UE gaps:
UE could have 2 measurement gap patterns active simultaneously. One legacy gap pattern and one concurrent measurement gap pattern can be configured simultaneously, or two concurrent gap patterns can be configured simultaneously. For a UE not supporting Per-FR gaps all gap patterns shall be per-UE gaps. Currently RAN4 assume a maximum of 2 Per-UE gaps patterns can be configured.
For a UE supporting Per-FR gaps:
UE could have 2 measurement gap patterns active in an FR simultaneously. One legacy gap pattern and one concurrent measurement gap pattern can be configured simultaneously, or two concurrent gap patterns can be configured simultaneously. Network can fall back to use Per-UE gap patterns and rules for a UE supporting Per-UE gaps would apply.
Current RAN4 understanding is that GP#24 and #25 are only configured as Per-UE gaps. RAN4 has not agreed any additional configuration limitations or restrictions regarding which of the GPs supported by the UE that can be configured as concurrent gap.
Q2 – How many concurrent gaps could be configured simultaneously?
RAN4 has agreed following:
	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

	11
	2
	0
	0
	Supported

	12
	0
	2
	0
	Supported


RAN4 understanding is that UE can be configured as follows:
· One legacy gap pattern and additional concurrent measurement gaps patterns reaching the maximum gap configuration limitation in the table.
· One or more concurrent measurement gap patterns reaching the maximum gap configuration limitation in the table.

Q3 – Could concurrent gaps be configured with different gap types (i.e., some gaps are per-UE while some gaps are per-FR)? If so, what is the maximum number of gaps that could be configured simultaneously for each gap type (per-UE /per-FR1/per-FR2)? 
This is still under discussion in RAN4.
Q4 – Is the legacy gap sharing configuration (configured in MeasGapSharingConfig) applicable to Rel-17 concurrent gaps? If ‘yes’, could RAN4 clarify how this would work?
This is still under discussion in RAN4.
Q5 – Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?
In RAN4#101 meeting RAN4 agreed to focus the work on NR and LTE measurements:
·  RAN4 to focus on NR and EUTRAN measurement requirements with concurrent gaps before considering 2G/3G. 
· It is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective
· Note: The understanding of “2G/3G is not supported with concurrent gap” is that UE expects network to configure only one MG if any 2G/3G measurements are configured, regardless whether NR or EUTRAN measurements are configured.

Reply to RAN2 according to above discussion TP. Additionally, clarify to RAN2 on the Issues not yet explicitly agreed in RAN4 yet.

Conclusion
In this paper we give our input on the topics in the RAN2 LS [1]. For the two separate issues we suggest to send reply LS to RAN2 in this meeting on the issues where RAN4 has agreements.
Regarding:
RAN2 confirms the following understanding for concurrent gap operation:
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
2. Each frequency layer can be associated with only one of the concurrent gaps.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.

1. Reply and confirm to RAN2 according to above discussion TP. Additionally, clarify to RAN2 on the Issues not yet explicitly agreed in RAN4 yet.

Concerning:
RAN2 to clarify “frequency layer” and limitations as below:
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Each measured SSB or LTE frequency is considered as one frequency layer.
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
SSB and CSI-RS measurement in one MO are considered as different frequency layers.

1. Reply to RAN2 according to above discussion TP. Additionally, clarify to RAN2 on the Issues not yet explicitly agreed in RAN4 yet.
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