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Introduction
In Rel-17, enhancements on measurement gaps dedicated for different items were introduced. One LS was sent to RAN4 to ask the coordination of several gap enhanced features, including pre-MG, concurrent gaps, NCSG, MUSIM and ePOS gap [1]. 
From the perspective of RRM requirements, the aforementioned Rel-17 gap related features were separately discussed in RAN4 and the co-existence case is precluded. This paper will discuss whether these gaps could be jointly configured case by case, and then provide our considerations on the number of simultaneous gaps.   
	RAN2 has discussed the co-existence of several gap related features (i.e. pre-configured MG, concurrent gap, NCSG, MUSIM gap, and ePOS gap) introduced in Rel-17 and concluded the following:
· RAN2 signaling will in general support joint configuration for all gap features.
· RAN2 assumes that the detailed UE behaviour while gaps are overlapped in time domain is RAN4 knowledge.

RAN2 would like to ask the following questions.
Q1 – Whether there is restriction on joint configuration of some gap features from RAN4 perspectives?
Q2 – How many gaps (including ePOS gap, MUSIM gap, concurrent gap from MGE WI) could be activated simultaneously?

Furthermore, RAN2 understands there may be new gap functionality introduced by NTN WI but the design is not completed at this moment. RAN2 may continue to discuss the joint configuration of NTN gap (if there is one) with other gap features.



Discussion
For simplicity, we would like to start with the combination of two different gap features according to the table below, and then go with combinations of more features. 
Table 1, combinations of two different gap features
	
	Concurrent gaps
	Pre-MG
	NCSG
	POS gap
	MUSIM gap

	
	
	
	
	RRC based POS-gap   Note1
	MAC CE based POS-pre-gap Note2
	

	Concurrent gaps
	N/A
	√
	√
	√ Note3
	√ Note3
	×

	Pre-MG
	√
	N/A
	×
	√ Note4
	×
	×

	NCSG
	√
	×
	N/A
	×
	×
	×

	RRC based POS-gap Note1
	√ Note3
	√ Note4
	×
	N/A
	×
	×

	MAC CE based POS-pre-gap Note2
	√ Note3
	×
	×
	×
	N/A
	×

	MUSIM gap
	×
	×
	×
	×
	×
	N/A

	Note 1: RRC based POS-gap is configured by RRC signalling and activated immediately.
Note 2: MAC CE based POS-pre-gap is pre-configured by RRC signalling and could be activated/deactivated by MAC CE.
Note 3: Only one gap of the concurrent gaps could be configured as POS gap, either RRC based or MAC CE based. 
[bookmark: _GoBack]Note 4: RRC based pre-MG is assumed to be always activated if PRS measurements is configured to UE.


Firstly, it is noted that MUSIM gap is introduced dedicated for NW-B, including measurements as well as data transmission/reception. Since the MUSIM tasks configured by NW-B are unknown to NW-A, when to use a MUSIM gap and which gap pattern should be used are mainly up to UE request. This is a new framework and is incompatible with concurrent gaps. The MG activation/deactivation mechanism following BWP switching is not needed since MUSIM gap is irrelevant to BWP switching. And it is not feasible for NW-A to indicate the ON/OFF states. Therefore, combining MUSIM and pre-MG is not reasonable. Combining MUSIM and POS should not be supported either, since gap sharing between NW-A (including PRS) and NW-B is not considered. NCSG is highly related to UE capability on supporting parallel data transmission/reception from serving cell and measurements from neighbouring cells. However, UE may also transmit data to or receive data from NW-B. It is not clear to whether the existing NCSG framework can apply to MUSIM.
Proposal 1: De-prioritize the joint configuration between MUSIM gap and other features.
Next is the combination between concurrent gaps with other features, i.e. {concurrent gaps & X}, where at least one of the concurrent gaps is X, and X could be pre-MG/NCSG/POS. As shown below, the combinations of {concurrent gaps & pre-MG} and {concurrent gaps & NCSG} have already been included in Rel-18 WID scope for further MG enhancements [2] and should be supported for forward compatibility.
	(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase


There is no difference between RRC based POS gap and legacy gap, associating one of concurrent gaps with PRS is already supported. MAC CE based POS-pre-gap are introduced in Rel-17 to reduce RRC configuration delay. It is a further enhancement for pre-MG with a more dynamic activation mechanism. Configuring one of concurrent gaps as MAC CE based POS-pre-gap is feasible if {concurrent gaps & pre-MG} is supported. It is worthy to note that, only one gap could be associated with PRS and this should apply to joint configuration scenarios. Only one of the concurrent gaps could be configured as POS gap, and the other concurrent gaps should not be associated with PRS. 
Proposal 2: Support the joint configuration of {concurrent gaps & X} where at least one of the concurrent gaps is X:
· X could be pre-MG/NCSG/ POS gap
· For {concurrent gaps & POS gap}, only one gap is POS gap, either RRC based or MAC CE based. 
The combination of {pre-MG & NCSG} is not necessary from the perspective of throughput improvement. The interruption for NCSG is much shorter than legacy MG and there is no need to further deactivate NCSG. Moreover, the need for NCSG is reported by UE in a band-specific manner, no matter which BWP is used. Pre-MG for PRS measurement has already been considered in Rel-17, and it should always be activated as mentioned by note 4 in the table. Both pre-MG and POS-pre-gap are pre-configured by RRC signalling, where pre-MG is activated by rules or RRC ON/OFF indication following BWP switching, while POS-pre-gap is activated via MAC CE indication. To avoid confusion, these activation mechanisms should not be used for one single gap, i.e. jointly configuring pre-MG and POS-pre-gap should not be considered. 
Proposal 3: De-prioritize the joint configuration between pre-MG and NCSG/MAC CE based POS-pre-gap.
It was agreed that NCSG should not be used for PRS measurement. The related UE capability and conditions for PRS outside gap are not clear yet, not to mention PRS within NCSG. So we prefer to de-prioritize the combination of {NCSG & POS}. 
Proposal 4: De-prioritize the joint configuration between NCSG and POS gap.
The following is to discuss the combination of three different features. It is easy to infer that {concurrent gaps & Y+ concurrent gaps & Z} should be supported, where one of the concurrent gaps is Y and another gap is Z, Y and Z could be pre-MG/NCSG/POS.
Proposal 5: Support the joint configuration of {concurrent gaps & Y + concurrent gaps & Z} where one of the concurrent gaps is Y and another gap is Z:
· Y and Z could be pre-MG/NCSG /POS gap
The second question is about how many gaps could be activated simultaneously. The main concern of too many gaps is the potential throughput degradation. The overhead cap, which is still under discussion, may be invisible from signalling perspective. In our views, the number of gap combinations defined in concurrent gaps in Table 9.1.8-1 in TS 38.133 should also apply for joint configuration. One exception is for MUSIM, at most two periodic gaps and/or one aperiodic gap are needed. Since RRM requirements for MUSIM are not specified in Rel-17 and the joint configuration between MUSIM gap and other gaps is not expected from our perspective, then number of gaps for MUSIM case could be considered separately. 
[bookmark: _Hlk101517795]Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].


[bookmark: _Hlk101536530]Proposal 6: For the number of simultaneous activated gaps except MUSIM, the existing restriction defined for concurrent gaps in Table 9.1.8-1 could apply for co-existence of Rel-17 measurement gaps (including ePOS gap, concurrent gap and potential NTN gaps).
Proposal 7: Co-existence of MUSIM gap and other gaps are not considered. Up to 2 periodic gaps and/or 1 aperiodic gap could be configured MUSIM purpose. 
Conclusion
In this contribution, we provide our views on gap coordination and the following proposals.
Proposal 1: De-prioritize the joint configuration between MUSIM gap and other features.
Proposal 2: Support the joint configuration of {concurrent gaps & X} where at least one of the concurrent gaps is X:
· X could be pre-MG/NCSG/ POS gap
· For {concurrent gaps & POS gap}, only one gap is POS gap, either RRC based or MAC CE based.
Proposal 3: De-prioritize the joint configuration between pre-MG and NCSG/MAC CE based POS-pre-gap.
Proposal 4: De-prioritize the joint configuration between NCSG and POS gap.
Proposal 5: Support the joint configuration of {concurrent gaps & Y + concurrent gaps & Z} where one of the concurrent gaps is Y and another gap is Z:
· Y and Z could be pre-MG/NCSG /POS gap
Proposal 6: For the number of simultaneous activated gaps except MUSIM, the existing restriction defined for concurrent gaps in Table 9.1.8-1 could apply for co-existence of Rel-17 measurement gaps (including ePOS gap, concurrent gap and potential NTN gaps).
Proposal 7: Co-existence of MUSIM gap and other gaps are not considered. Up to 2 periodic gaps and/or 1 aperiodic gap could be configured MUSIM purpose.

References
[1] R4-2207616, LS on coordination of R17 gap features
[2] RP-221018, New WID: Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps, MediaTek Inc, Intel Corporation


3GPP
