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1 Introduction
A WID of ‘RRM measurement gap enhancement in R17’ [1] has been approved in RANP #89 meeting. The objectives of NCSG are duplicated as below. A WF on NCSG has also been approved in last RAN4 meeting [2].
	· Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· RRM requirements for NCSG [RAN4]
· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
· Measurement requirements with NCSG
· Specification of applicability of NCSG patterns [RAN4]
· Procedures and signaling for NCSG patterns [RAN2]


In this contribution, we provide our view on the remaining issues of Network Controlled Small Gap (NCSG) for RRM measurement gap enhancement in R17.
2 Discussion 
In last meeting, RAN4 has agreed the general principle of NR NCSG design. In general, the design of LTE NCSG is supposed to be reused for NR. 
· During VIL1/VIL2 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· During ML UE is expected to transmit and receive data on the corresponding serving cell(s).
· ML: If legacy gap pattern can be reused for NCSG, we can assume that MGL= VIL1+ML+VIL2 
· VIRP: If legacy gap pattern can be reused for NCSG, VIRP = MGRP of legacy MG
· VIL: FFS on whether VIL shall be defined as the equivalent time of the interrupted slots or, equals to absolute RF retuning time defined in Rel-15. FFS: depending on numerology

· FFS on which legacy patterns in Rel16 can be reused for NCSG
· Option 1. All 26 NCSG patterns in Rel16
· Option 2 Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.
· Option 2a: reuse part of the legacy MG patterns with long MGL, e.g., gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2.
· Option 2b : NR gap patterns #0~23 .
· Option 2c : RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements.



· Configuration of NCSG
· FFS on Number of NSCG patterns configured
· FFS on implicit or explicit configuration of NCSG
· FFS: whether NCSG can be configured simultaneously with legacy gap pattern
· FFS on Interruption requirements
· FFS on Per-UE/Per-FR NCSG applicability and Per-UE or Per-FR capability support
· 


RAN4 has considered to define a basic set of NCSG patterns for part of legacy MG patterns. In our view, for measurement with short MGL, NCSG can be considered as low priority due to hardly any gain excluding the necessary interruption. Thus, NR NCSG should be defined for the measurements with long MGL, e.g., 6ms for FR1 or 5.5ms FR2, which can bring more significant gain. And the VIRP of NCSG can refer to the MGRP of NR measurement gap, including 20, 40, 80, 160 ms. 
[bookmark: _Toc68023195][bookmark: _Toc68023259][bookmark: _Ref68023355]Proposal 1: Prefer to reuse part of the legacy MG patterns as reference for NR NCSG patterns, with long MGL, e.g., 6ms for FR1 or 5.5ms FR2. 
In addition, NCSG pattern should be configured based on MG configuration considering per UE and FR gap. RAN4 can consider one MG pattern is allowed to be associated with multiple NCSG with different VIL requirements. Compared to LTE NCSG, at most 2 patterns have been supported for 1 gap patterns for UE. There seems no need to further diverse up. 
[bookmark: _Toc68023265][bookmark: _Ref68023371]Proposal 2: NCSG pattern should be configured based on MG configuration considering per UE and FR gap.
For example, it is feasible that both sync and async scenarios are considered with 2 different VIL1/VIL2 requirements for each MGL, under the same VIRP/MGRP. Furthermore, similar to LTE NSCG, 2 values of VIL2 can be defined due to DL reception or UL transmission for partial patterns.
[bookmark: _Toc68023260][bookmark: _Ref68023358]Observation 1: It is feasible to consider 2 sets of VIL1/VIL2/ML vs. one VIRP.
[bookmark: _Toc68023261][bookmark: _Ref68023364]Proposal 3: At most 2 NCSG patterns should be associated with one MG pattern.
About other details of NCSG configuration, there may be two options:
· Option 1: VIL and ML are defined based on a fixed length (ms) regardless of FR1 and FR2
· Option 2: VIL and ML are defined based on NR Slot of victim cell, considering different numerologies of FR1 and FR2
From our side, we think option 1 should be easier for NCSG configuration as the VIL of different SCSs should not have much difference. Assuming the same level of interruption for FR1 and FR2 measurement, the ML for FR2 is shorter than that of FR1 due to faster switching period of FR2. Considering long MGL, e.g., 6ms for FR1 or 5.5ms FR2, as Table 2 below, NCSG Pattern ID 0~7 are for measurement configured with per FR1, and pattern ID 8~15 are for measurement configured with per FR2 gap. All patterns are also applied for per UE gap.
[bookmark: _Toc68023264][bookmark: _Ref68023370]Proposal 4: As defined in Table 1, NCSG Pattern ID 0~7 are for measurement configured with per FR1 gap, and pattern ID 8~15 for measurement configured with per FR2 gap.
[bookmark: _Toc68023263][bookmark: _Ref68023368]Based on Table 1, we prefer that NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset, since different VILs can be configured for 1 VIRP. In this case, UE could still have the feasibility to reduce the interruption and extend measurement length, of which network has no idea. 
Proposal 5: NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.
Table 1: NCSG configuration for NR
	NCSG Pattern Id
	Visible interruption length before measurement (VIL1, ms)
	Measurement Length during which there is no gap (ML, ms)
	Visible interruption length after measurement (VIL2, ms)
	Visible interruption Repetition Period
(VIRP, ms)

	0
	1
	4
	DL: 1
UL: 2
	40

	1
	1
	4
	DL: 1
UL: 2
	80

	2
	2
	3
	 2
	40

	3
	2
	3
	 2
	80

	4
	1
	4
	DL: 1
UL: 2
	20

	5
	1
	4
	DL: 1
UL: 2
	160

	6
	2
	3
	 2
	20

	7
	2
	3
	 2
	160

	8
	1
	3.5
	DL: 1
UL: 2
	40

	9
	1
	3.5
	DL: 1
UL: 2
	80

	10
	2
	2.5
	 2
	40

	11
	2
	2.5
	 2
	80

	12
	1
	3.5
	DL: 1
UL: 2
	20

	13
	1
	3.5
	DL: 1
UL: 2
	160

	14
	2
	2.5
	 2
	20

	15
	2
	2.5
	 2
	160



· Applicability of NCSG pattern
· FFS on Per-UE/Per-FR NCSG applicability and Per-UE or Per-FR capability support



Whether applicability of NCSG pattern can be explicitly or implicitly configured needs to be clarified. If it was agreed that network explicitly configures the NCSG pattern according to MG pattern, NCSG pattern should be also configured based on MG configuration considering its applicability, e.g., per UE or FR gap. 
So, we think RAN4 should firstly decide whether to implicit or explicit configure of NCSG before considering per-UE/per-FR NCSG applicability and related signaling issues.
Observation 2: RAN4 should firstly decide whether to implicit or explicit configure of NCSG.
From our side, we think they should follow the rules of per UE or per FR MG pattern for SA or MR-DC. A UE that is capable of identifying and measuring on some cells without gaps, but needs interruption, and is configured with NCSG patterns for such measurement, shall follow requirements as if corresponding Gap Patterns had been used and shall not make any autonomous interruption outside the VIL of the configured NCSG for the measurement.
Proposal 6: NCSG pattern should follow the applicability of corresponding MG pattern.

· The relation between NCSG and ‘NeedForGap’
FFS on How to consider the relation between NCSG and ‘NeedForGap’?
· Option 1: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equaling NCSG.
· Option 2: The “NeedForGap” signaling structure can be reused for NR NCSG as a start point.
· Other options not precluded.
FFS on NW configuration signaling e.g gp-ncsg0/1…/n like LTE.


In our view, the signaling of NR NSCG may be a bit different from that for LTE NCSG. The “NeedForGap” signaling structure can be reused for NR NCSG as a start point. Since no reserved bits for extension in “NeedForGap” signaling, two options are provided and option 2 is preferred for us.
· Option 1: NR NCSG signaling is introduced additionally, based on Rel-16 “Needforgap” signaling with “gap”, and configured based on MG configuration.
· Option 2: NR NCSG signaling is introduced newly, independent from Rel-16 “Needforgap” signaling, e.g., NCSG, No-NCSG.
[bookmark: _Ref68085212]Proposal 7: NR NCSG signaling is introduced newly, independent from Rel-16 “Needforgap” signaling, e.g., NCSG, No-NCSG.

3 Summary
In this contribution, we provided our observations and proposals on NCSG for RRM measurement gap enhancement. 
Observation 1: It is feasible to consider 2 sets of VIL1/VIL2/ML vs. one VIRP.
Observation 2: RAN4 should firstly decide whether to implicit or explicit configure of NCSG.
Proposal 1: Prefer to reuse part of the legacy MG patterns as reference for NR NCSG patterns, with long MGL, e.g., 6ms for FR1 or 5.5ms FR2.
Proposal 2: NCSG pattern should be configured based on MG configuration considering per UE and FR gap.
Proposal 3: At most 2 NCSG patterns should be associated with one MG pattern.
Proposal 4: As defined in Table 1, NCSG Pattern ID 0~7 are for measurement configured with per FR1 gap, and pattern ID 8~15 for measurement configured with per FR2 gap.
Proposal 5: NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.
Proposal 6: NCSG pattern should follow the applicability of corresponding MG pattern.
Proposal 7: NR NCSG signaling is introduced newly, independent from Rel-16 “Needforgap” signaling, e.g., NCSG, No-NCSG.
Table 1: NCSG configuration for NR
	NCSG Pattern Id
	(VIL1, ms)
	(ML, ms)
	(VIL2, ms)
	(VIRP, ms)

	0
	1
	4
	DL: 1
UL: 2
	40

	1
	1
	4
	DL: 1
UL: 2
	80

	2
	2
	3
	2
	40

	3
	2
	3
	2
	80

	4
	1
	4
	DL: 1
UL: 2
	20

	5
	1
	4
	DL: 1
UL: 2
	160

	6
	2
	3
	2
	20

	7
	2
	3
	2
	160

	8
	1
	3.5
	DL: 1
UL: 2
	40

	9
	1
	3.5
	DL: 1
UL: 2
	80

	10
	2
	2.5
	2
	40

	11
	2
	2.5
	2
	80

	12
	1
	3.5
	DL: 1
UL: 2
	20

	13
	1
	3.5
	DL: 1
UL: 2
	160

	14
	2
	2.5
	2
	20

	15
	2
	2.5
	2
	160
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