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1 Introduction
In RAN4#101-e meeting, the item on Network Controlled Small Gap (NCSG) was further discussed and many issues including NCSG pattern, UE capability and some measurement related requirements have been reached consensuses. The agreements are captured in the approved WF [1]. And the agreements related to signalling have been informed to RAN2 through the LS [2]. 
But there are still some open issues left and the candidate options are also captured in the approved WF [1]. In this paper, we have some further discussions on the remaining issues and give our proposals.
2 Discussion
2.1 Scenarios and use cases
	Issue 1-1: NCSG for CSI-RS based inter-frequency measurement with gap 
Agreement:
· FFS: whether NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17.
Issue 1-3: NCSG under NE-DC and NR-DC
Agreement:
· Feasibility from requirement perspective of NCSG in EN-DC, NE-DC and NR-DC is FFS.
Issue 1-5: NCSG in FR2
Agreement:
· NCSG is applicable in FR2 
· Option 1: NCSG is applicable only when the following conditions hold
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.
· UE has a spared chain for target cell measurement
· FFS for additional conditions
· Option 2: No additional conditions are required
· Option 3: Additional network assistance is introduced to enable NCSG in FR2


In RAN4#99e meeting, it has been agreed that NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements and the measurement on deactivated Scell. In our understanding, for inter-frequency measurement with MG, the CSI-RS based measurement was not been excluded. Comparing to SSB based measurement within gap, there is nothing special for CSI-RS based measurement with MG. We didn’t define any precondition such as the support of inter-frequency measurement without gap or other conditions for the supported scenarios of NCSG. The support of NCSG depends on whether UE have spare RF chain and is to reduce the gap usage. It is not related to the RS type to be measured. As inter-frequency CSI-RS measurement in R16 is also performed with gap, to reduce the use of gap, NCSG should also be supported. 
Proposal 1: NCSG for CSI-RS based inter-frequency measurement with gap should be supported in R17. 
Regarding the NCSG under MR-DC case, since we have sent LS to RAN2 to study the applicability from signalling perspective, we need to wait for the response. But at least from requirements perspective, we think it can be supported. 
Regarding the NCSG in FR2, we have agreed to define NCSG pattern for gap#0~#23 in which gap#12~#23 are per-FR2 gap. We think NCSG is applicable in FR2 and no other conditions are required.
Proposal 2: NCSG under MR-DC can be supported from RAN4 perspective. Wait for the response of RAN2 about the applicability from signalling perspective. 
Proposal 3: NCSG is applied in FR2 and no other conditions are required. 
2.2 NCSG pattern
	Issue 2-6: On top of #0 and #1, whether additional NCSG gap patterns shall be mandatorily supported if UE supports NCSG.
Agreement:
· NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. 
· FFS on whether other NCSG patterns are mandatorily supported.
· FFS on whether existing gap applicability in Rel-16 for NR-only measurement can apply for NCSG.


In last meeting, it was agreed that NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. For the other mandatory NCSG patterns, we think the current applicable for legacy gap can be reused since the NCSG is defined corresponding to legacy gap. 
Proposal 4: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs (NCSG patterns corresponding to legacy gap#0, 1, 2, 3, 11, 13, 14, 17, 18, 19 are mandatorily supported). 
2.3 UE capability and network configuration of NCSG
	Issue 3-2: NW configuration and corresponding UE behaviour 
Agreement:
· Option 1: 
	           NW config
UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: 
MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed Measurement within MG

	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG Measurement within NCSG with only NCSG interruption allowed
	Measurement outside MG Measurement within MG


· Option 2: 
	                NW config

UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed

	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG
	Measurement outside MG


· Option 3: FFS 
Issue 3-3: Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap
Agreement:
· Option 1: No 
· Option 2: Define a per BC indication for per FR NCSG. 


For the NW configuration and corresponding UE behaviour, we think the table is not necessary since the corresponding requirements have been specified already, what we need to discuss here is the measurement requirements with NCSG. From the clarification perspective, we think option 1 is more reasonable. But the UE capability is not aligned with the agreement in last meeting, we suggest to update the UE capability definition. 
Proposal 5: The NW configuration and corresponding UE behaviour is defined as below: 
	           NW config
UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: 
MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption ncsg
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed Measurement within MG

	Case 3: no-gap-no-interruption no-gap-no-ncsg
	Measurement without MG
	Measurement outside NCSG Measurement within NCSG with only NCSG interruption allowed
	Measurement outside MG Measurement within MG


For per-UE or per-FR capability, since the NCSG is defined based on the legacy gap pattern, we think there is no need to define additional NCSG capability. It can be implicitly indicated by legacy gap capability. Also there is no per-BC indication for legacy gap so far, so the per-BC indication on per-FR NCSG is not to be defined either. 
Proposal 6: No additional NCSG capability for per-UE and per-FR differentiation is needed on top of that defined for legacy gap. 
2.4 Others
	Issue 5-2: transformation between NCSG and legacy gap 
Agreement:
· It is FFS whether to define transformation between NCSG and legacy gap. 
· Note: Companies are encouraged to provide more input in the next meeting, covering the purpose of such transformation, triggering mechanism (such as RRC or MAC-CE) and etc.
Issue 5-3: Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns
Agreement:
· Option 1: No 
· Option 2: yes 


For transformation between NCSG and gap, we think it is not needed. Since we think NCSG pattern and legacy gap is defined separately. The signaling has not been discussed in RAN2, and it is not clear whether the NCSG will be defined in MeasGapConfig as legacy gap. We think we should wait for the signaling design by RAN2 first. And even if the NCSG need to be transformed to legacy gap, RRC reconfiguration is sufficient. 
Proposal 7: No need to define transformation between NCSG and legacy gap. 
For the mapping table between NCSG and legacy gap, although the NCSG is defined based on legacy gap pattern, we think they can be defined separately since NCSG is explicitly configured in R17, and NCSG and legacy gap are used independently. When NCSG is configured only, it is not reasonable to indicate NCSG pattern with legacy gap pattern index. 
From the current MeasGapConfig, it can be seen that gap pattern ID is not configured and only detail gap parameters such as MGL and MGRP are configured. This may be similar for NCSG. So the gap pattern index is only defined in RAN4 spec and it doesn’t matter whether the same index is used for NCSG and legacy gap pattern. The NCSG and legacy gap parameter is different and can be configured independently in high layer signaling. 
Proposal 8: Do not introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns. 
2.5 LS to RAN2
In last meeting, there were the following agreements on NCSG patterns. Based on these agreements, the candidate values for each parameter in NCSG pattern can be decided which is needed for RAN2 to design the signaling. But the parameters were not included in the LS [2] to RAN2 in last meeting. A draft LS is provided in the Annex to inform the NCSG pattern and potential agreement in this meeting to RAN2. 
	Issue 2-4: ML
Agreement:
· MLNCSG = MGLlegacy – 2*RRT
Issue 2-5: RRT
Agreement:
· RAN4 is to clarify that existing RRT (0.5 ms for FR1 and 0.25 ms in FR2) also applies for NCSG. RAN4 will not define any dedicated RRT for NCSG.
Issue 2-7: feasibility of NCSG patterns with long VIRP
Agreement:
· NCSG patterns with the longer MGRP (>160ms) can be deferred to the further release. 
Issue 2-8: feasibility of NCSG patterns with short ML
Agreement:
· RAN4 confirms the agreements in RAN4#100e: Define NCSG patterns corresponding to legacy patterns #0~#23. RAN4 will not further discuss the feasibility of NCSG patterns with short ML.


Proposal 9: Send LS to RAN2 to inform the candidate values of parameters (ML, VIRP) in NCSG pattern. 
3 Summary
In this paper, we have some further discussions on NCSG for NR and the following proposals are given：
Proposal 1: NCSG for CSI-RS based inter-frequency measurement with gap should be supported in R17. 
Proposal 2: NCSG under MR-DC can be supported from RAN4 perspective. Wait for the response of RAN2 about the applicability from signalling perspective. 
Proposal 3: NCSG is applied in FR2 and no other conditions are required. 
Proposal 4: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs (NCSG patterns corresponding to legacy gap#0, 1, 2, 3, 11, 13, 14, 17, 18, 19 are mandatorily supported). 
Proposal 5: The NW configuration and corresponding UE behaviour is defined as below: 
	           NW config
UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: 
MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG

	Case 2: no-gap-with-interruption ncsg
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed Measurement within MG

	Case 3: no-gap-no-interruption no-gap-no-ncsg
	Measurement without MG
	Measurement outside NCSG Measurement within NCSG with only NCSG interruption allowed
	Measurement outside MG Measurement within MG


Proposal 6: No additional NCSG capability for per-UE and per-FR differentiation is needed on top of that defined for legacy gap. 
Proposal 7: No need to define transformation between NCSG and legacy gap. 
Proposal 8: Do not introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns. 
Proposal 9: Send LS to RAN2 to inform the candidate values of parameters (ML, VIRP) in NCSG pattern. 
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1	Overall description
RAN4 is working on Network Controlled Small Gap (NCSG) in R17 NR and MR-DC measurement gap enhancements and has sent LS [1] to RAN2 about the agreements in RAN4#101e meeting. In this meeting, RAN4 further reached the following agreements: 
	For scenarios and use case: 
· Agreement:
· NCSG can be used for:
· CSI-RS based inter-frequency measurement with gap
· RRM measurement on dormant SCell
· NCSG is applied in FR2. 

For NCSG pattern: 
· Agreement
· RAN4 will define a dedicated table for NCSG pattern with similar structure as TS38.133 Table 9.1.2-1. The table of NCSG pattern will include the following parameters:
· NCSG pattern ID
· Candidate values: {0~23}. 
· ML (Measurement Length in millisecond)
· Candidate values: {5ms, 3ms, 2ms} for per-UE gap and per-FR1 gap; {5ms, 3ms, 1ms} for per-FR2 gap. 
· VIRP (Visible Interruption Repetition Periodicity in millisecond) 
· Candidate values: {20ms, 40ms, 80ms, 160ms}. 


The discussion for NCSG design is on-going in RAN4. RAN4 will provide further updates if the conclusions are reached. 
RAN4 kindly asks RAN2 to take the above information into account and define the signalling support for NCSG. 

2	Actions
To RAN WG2 
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account and define the signalling support for NCSG. 

3	Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
TSG RAN WG4 Meeting #103-e		May 16 – May 27, 2022		Electronic Meeting
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