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1. Introduction

In last meeting, there is discussion on case 2 (NCSG and concurrent MG) and a WF was approved [1]. This contribution provides further discussion on the open issues.
2. Discussion 
One of the open issues is whether to consider NCSG + NCSG in an FR, this issue has been discussed for several meetings and the candidate options are narrowed down as following:
· Option 1: Yes. FFS whether the same RF chain is assumed for the two NCSG patterns.

· Option 3: Yes, up to UE capability

The impact on throughput can be reduced with NCSG, we do not see the necessity to to deprioritize NCSG + NCSG in an FR. As for the assumption of RF chain, there is no need to restrict same RF chain for two NCSG patterns, it can be left to implementation. 

Proposal 1: for NCSG + NCSG in an FR, it is not necessary to assume same RF chain for the two NCSG patterns.

The definition of gap collision when there are NCSG are discussed in previous meetings. For Case 2 (NCSG and concurrent MG(s)), it was agreed that when determining if a collision occurs between a NCSG instance and another gap instance, the baseline requirement considers the total NCSG duration, including both the VILs and the ML.

NCSG is different from other measurement gap types. NCSG pattern comprises ML and VIRP. ML is Measurement Length during which there is no gap. VIRP is the Visible interruption Repetition Period. Since there is spare RF chain, when UE perform measurement during ML, UE can still be scheduled to receive/transmit data. The reason we consider collision between MGs is that it is assumed UE can only perform measurement of one frequency layer during one MG occasion. While for NCSG, UE is capable of NCSG if there is spare RF chain. UE could perform measurement on more than one frequency layer during one MG occasion if there are more than one spare RF chain. From this point of view, even if two NCSGs are overlapped or NCSG is overlapped with other MG gaps, both of the two gaps can be used for measurement, no need to drop one of them.

Proposal 2: considering that there is spare RF chain for NCSG, for case 2 with NCSG + Type-2 MG, even if NCSG is overlapped with Type-2 MG, both of these two overlapped gaps can be used for measurement, no need to drop one of them.

Proposal 3: considering that there is spare RF chain for NCSG, for case 2 with NCSG + NCSG, even if two NCSGs are overlapped, both of these two overlapped NCSGs can be used for measurement, no need to drop one of them.  

One scenario to be noted is that RRT of one NCSG pattern is overlapped with ML of another NCSG pattern. Since RRT is about RF retuning, there will be interruption or scheduling restriction during ML.

Proposal 4: for the case that RRT of one NCSG pattern is overlapped with ML of another NCSG pattern, interruption or scheduling restriction may need to be considered during ML.
According to the updated WID [2], Case 2 is NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG). In detail, there are 4 cases: NCSG + NCSG, Pre-MG + NCSG, NCSG + Type-2 MG, and  NCSG + Type-2 MG. In last meeting, it was agreed to support NCSG + NCSG. For Pre-MG + NCSG,  it was agreed in previous RAN meeting  that the requirement discussions on the scenarios that Pre-configured MG is considered in Case 2 will be started after RAN#99.
The definitions of Type-2 MG and Type-2 MG are agreed in RAN4 #104-bis-e meeting. Type-2 MG is Gap(s) configured via GapConfig without suffix. Type-2 MG is Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17. In last meeting, there was discussion on which Type of MG is considered together with Pre-MG/NCSG in the WI (When only one Pre-MG/NCSG is considered). And it was agreed to start with the requirement definition based on Type-2 MG. FFS whether and how to include Type-2 MG. Based on above agreements, for case 1, this contribution will focus on two cases: concurrent gaps with NCSG and Type-2 MG, concurrent gaps with NCSG and NCSG.

For the max number of gaps for Case 1 and Case 2, in previous meetings, it was agreed to take Rel-17 conclusions as baseline, which means, in detail, up to 2 gaps can be configured to UE which does not support per-FR gap, and up to 3 gaps cross all FRs can be configured to UE which supports per-FR gap.  

For case 2 with NCSG + Type-2 MG, considering combination of different MG types and different number of gaps, it is proposed to consider following gap combinations:

· NCSG + Type-2 MG, and the number of gaps is 2

· NCSG per-UE gap + Type-2 per-UE gap

· NCSG FR1 gap + Type-2 FR1 gap

· NCSG FR2 gap + Type-2 FR2 gap
· NCSG per-UE gap + Type-2 FR1 gap

· NCSG per-UE gap + Type-2 FR2 gap

· Type-2 per-UE gap + NCSG FR1 gap

· Type-2 per-UE gap + NCSG FR2 gap
· NCSG + Type-2 MG, and the number of gaps is 3
· 2 NCSG FR1 gap + Type-2 FR2 gap

· NCSG FR1 gap + 2 Type-2 FR2 gap
· 2 NCSG FR2 gap + Type-2 FR1 gap

· NCSG FR2 gap + 2 Type-2 FR1 gap
· Type-2 per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Type-2 per-UE gap + Type-2 FR1 gap + NCSG FR2 gap

· Type-2 per-UE gap + NCSG FR1 gap + Type-2 FR2 gap

· NCSG per-UE gap + Type-2 FR1 gap + NCSG FR2 gap
· NCSG per-UE gap + NCSG FR1 gap + Type-2 FR2 gap
· NCSG per-UE gap + Type-2 FR1 gap + Type-2 FR2 gap
Proposal 5: for case 2 with NCSG + Type-2 MG, it is proposed to consider following gap combinations:
	Gap Combination

Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 NCSG
	Per-FR2 NCSG
	Per-UE NCSG
	Per-FR1 Type-2 MG
	Per-FR2 Type-2 MG
	Per-UE Type-2 MG

	0
	0
	0
	1
	0
	0
	1

	1
	1
	0
	0
	1
	0
	0

	2
	0
	1
	0
	0
	1
	0

	3
	0
	0
	1
	1
	0
	0

	4
	0
	0
	1
	0
	1
	0

	5
	1
	0
	0
	0
	0
	1

	6
	0
	1
	0
	0
	0
	1

	7
	2
	0
	0
	0
	1
	0

	8
	1
	0
	0
	0
	2
	0

	9
	0
	2
	0
	1
	0
	0

	10
	0
	1
	0
	2
	0
	0

	11
	1
	1
	0
	0
	0
	1

	12
	0
	1
	0
	1
	0
	1

	13
	1
	0
	0
	0
	1
	1

	14
	0
	1
	1
	1
	0
	0

	15
	1
	0
	1
	0
	0
	1

	16
	0
	0
	1
	1
	1
	0


Similarly, for case 2 with NCSG + NCSG, considering combination of different MG types and different number of gaps, it is proposed to consider following gap combinations:

· NCSG + NCSG and the number of gaps is 2

· NCSG per-UE gap + NCSG per-UE gap

· NCSG FR1 gap + NCSG FR1 gap

· NCSG FR2 gap + NCSG FR2 gap
· NCSG per-UE gap + NCSG FR1 gap

· NCSG per-UE gap + NCSG FR2 gap
· NCSG + NCSG and the max number of gaps is 3
· 2 NCSG FR1 gap + NCSG FR2 gap

· NCSG FR1 gap + 2 NCSG FR2 gap

· NCSG per-UE gap + NCSG FR1 gap + NCSG FR2 gap
Proposal 6: for case 2 with NCSG + NCSG, it is proposed to consider following gap combinations:
	Gap Combination

Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 NCSG
	Per-FR2 NCSG
	Per-UE NCSG

	0
	0
	0
	2

	1
	2
	0
	0

	2
	0
	2
	0

	3
	1
	0
	1

	4
	0
	1
	1

	5
	1
	1
	1

	6
	2
	1
	0

	7
	1
	2
	0


3. Conclusion
This contribution provides discussion on NCSG and concurrent MG. The proposals are:
Proposal 1: for NCSG + NCSG in an FR, it is not necessary to assume same RF chain for the two NCSG patterns.

Proposal 2: considering that there is spare RF chain for NCSG, for case 2 with NCSG + Type-2 MG, even if NCSG is overlapped with Type-2 MG, both of these two overlapped gaps can be used for measurement, no need to drop one of them.

Proposal 3: considering that there is spare RF chain for NCSG, for case 2 with NCSG + NCSG, even if two NCSGs are overlapped, both of these two overlapped NCSGs can be used for measurement, no need to drop one of them.  

Proposal 4: for the case that RRT of one NCSG pattern is overlapped with ML of another NCSG pattern, interruption or scheduling restriction may need to be considered during ML.
Proposal 5: for case 2 with NCSG + Type-2 MG, it is proposed to consider following gap combinations:
	Gap Combination

Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 NCSG
	Per-FR2 NCSG
	Per-UE NCSG
	Per-FR1 Type-2 MG
	Per-FR2 Type-2 MG
	Per-UE Type-2 MG

	0
	0
	0
	1
	0
	0
	1

	1
	1
	0
	0
	1
	0
	0

	2
	0
	1
	0
	0
	1
	0

	3
	0
	0
	1
	1
	0
	0

	4
	0
	0
	1
	0
	1
	0

	5
	1
	0
	0
	0
	0
	1

	6
	0
	1
	0
	0
	0
	1

	7
	2
	0
	0
	0
	1
	0

	8
	1
	0
	0
	0
	2
	0

	9
	0
	2
	0
	1
	0
	0

	10
	0
	1
	0
	2
	0
	0

	11
	1
	1
	0
	0
	0
	1

	12
	0
	1
	0
	1
	0
	1

	13
	1
	0
	0
	0
	1
	1

	14
	0
	1
	1
	1
	0
	0

	15
	1
	0
	1
	0
	0
	1

	16
	0
	0
	1
	1
	1
	0


Proposal 6: for case 2 with NCSG + NCSG, it is proposed to consider following gap combinations:
	Gap Combination

Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 NCSG
	Per-FR2 NCSG
	Per-UE NCSG

	0
	0
	0
	2

	1
	2
	0
	0

	2
	0
	2
	0

	3
	1
	0
	1

	4
	0
	1
	1

	5
	1
	1
	1

	6
	2
	1
	0

	7
	1
	2
	0
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