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1 Introduction
In RAN4#100-e meeting, the item on Network Controlled Small Gap (NCSG) was further discussed and some consensuses are reached. The agreements are captured in the approved WF [1] as below. 
	Issue 1-1: NCSG in FR2
· Agreement:
· NCSG in FR2 shall be considered in this WI. How to indicate support of NCSG in FR2 is FFS.
Issue 1-2: Use case for different types of measurement with NCSG
· Agreement:
· Confirm the agreements in RAN4#99e that NCSG can be used for:
· Measurement on de-activated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· It is FFS whether NCSG can be used for measurement on dormant SCell.
· It is FFS whether NCSG can be used for CSI-RS based inter-frequency measurement with gap.
· NCSG will not be used for 2G/3G measurements and PRS measurements.
Issue 1-4: Whether NW should configure the legacy MG rather than NCSG even UE can support both of them
· Agreement:
· Even if UE supports NCSG then it is up to the NW implementation to configure the UE with legacy MG or with NCSG.”
Issue 2-1: supported NCSG patterns in R17
· Agreement:
· No need to introduce NCSG patterns corresponding to legacy MG patterns #24 and #25.
· It is FFS whether to introduce NCSG patterns with longer repetition periodicity (>160ms).
· Define NCSG patterns corresponding to legacy patterns #0~#23
· FFS how to indicate the support of NCSG patterns 
· A subset of mandatory NCSG patterns for UEs supporting NCSG will be defined. FFS on the set of mandatory NCSG patterns.
Issue 3-4: length of VIL
· Agreements in the 1st round:
· Translate [1ms] (FR1) and [0.75ms] (FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
Issue 3-5: length of RRT
· Agreements in the 1st round:
· The following RRT time can be used as assumption to derive ML
· RRT = 0.5 ms for FR1 and 0.25 ms for FR2
· Whether to capture above RRT time in RAN4 spec is FFS.


But there are still many issues having no conclusions 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 1-2: Use case for different types of measurement with NCSG
· It is FFS whether NCSG can be used for measurement on dormant SCell.
· It is FFS whether NCSG can be used for CSI-RS based inter-frequency measurement with gap.


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. And we think there is nothing special for CSI-RS based measurement with MG and the NCSG should also be applied. 
Proposal 1: NCSG can be used for CSI-RS based inter-frequency measurement with gap. 
Regarding the use case for different UE capability and network configuration, there are the following candidate options in last meeting. 
	Issue 1-3: Use case for different UE capability and network configuration
· Open issues:
· Option 1: RAN4 to define UE measurement requirements with different UE capabilities and NW configurations as in the following table:
	                 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 2: other solutions are not precluded.


But the intention of this issue is not clear and we don’t think the table is needed to be discussed. Firstly what we need to discuss here is the measurement requirements with NCSG since the other requirement such as the measurement requirements with gap and measurement requirements without gap has been defined already. Secondly, the UE capability mentioned here is ambiguous since there are no these capabilities defined in the specification. So the case combination is invalid and unclear (e.g. what is the difference between the measurement outside NCSG and the measurement outside gap). 
Proposal 2: No need to define use case for different UE capability and NW configuration. What we need to discuss here is the measurement requirements based on NCSG. 
For the NCSG applicability, there are the following issues left in last meeting: 
	Issue 1-5: Other applicability issues
· Agreement:
· RAN4 to clarify whether to allow NCSG to be supported with NRDC and NEDC as well.
· Open issues:
· FFS: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
· FFS: Related to NCSG applicability and UE capability support: if UE supports NCSG, it is mandated to support MG patterns from per-UE gap patterns #0, #1, #4-9 for NCSG usage. In case UE supports NCSG and per-FR gap patterns, indicating this via capability, it is mandated to support also per-FR gap patterns #12-19 in FR2 for NCSG usage.
· FFS: NCSG can be configured simultaneously with legacy MG pattern.
· FFS: NCSG can be pre-configured and will reuse the activation/deactivation mechanism developed for pre-configured measurement gaps.
· FFS: NCSG can be configured and activated together with concurrent measurement gaps.


Firstly we think NCSG is also one type of gaps and can be supported for NR-DC and NE-DC as well. In last meeting, it was agreed that a subset of mandatory NCSG patterns for UEs supporting NCSG will be defined. But which gap patterns are mandatory should be left after the NCSG patterns are decided. And NCSG cannot be configured with legacy simultaneously without considering concurrent gaps. For the joint discussion with concurrent gaps and pre-configured MG, as we discussed in our companion paper, we think it should be postponed until each item is settled. There are many open issues left for every item, so we should focus on single feature at this stage. 
Proposal 3: NCSG can be supported for NR-DC and NE-DC. 
Proposal 4: The set of mandatory gap patterns should be discussed after the NSCG patterns are defined. 
Proposal 5: NCSG cannot be configured with legacy gap simultaneously without considering concurrent gaps. 
Proposal 6: Postpone the joint discussion with concurrent gaps and pre-configured MG until each item is settled. 
2.2 NCSG pattern
	Issue 2-2: whether to define separate NCSG patterns for sync and async
· Open issues:
· Option 1: yes
· Option 2: no
· Option 3: different patterns in FR1 but same patterns in FR2
· Option 4: FFS
Issue 2-3: whether to consider VIL as a part of NCSG pattern
· Option 1:
· NOT consider VIL as a part of NCSG pattern, i.e. only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements (similar to Table 9.1.2-4 in TS38.133).
· Option 2:
· Keep VIL as a part of the NCSG pattern.
Issue 3-3: relation between ML, MGL and RRT
· Open issues:
· Option 1: ML = MGL – 2*RRT
· Option 1a: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL
· Option 1b: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL, if VIL is defined as the number of interrupted slots
· Option 1c: ML = MGL - RRT1 - RRT2
· Option 2: ML + VIL1 + VIL2 = MGL
· Option 2a: ML = MGL – VIL1 – VIL2, if VIL is defined as the absolute time 
· Option 3:
· Step 1: Define MLNCSG from legacy gap patterns by MLNCSG = MGLlegacy – 2*RRTlegacy, e.g.,
· Gap patterns 0-11: MLNCSG = MGLlegacy – 1 (ms)
· Gap patterns 12-23: MLNCSG = MGLlegacy – 0.5 (ms)
· Step 2: Define RRTNCSG before and after MLNCSG in FR1 and FR2 
· Handled by Issue 3-5, e.g., same or longer than RRTlegacy.
· Step 3: Define MGLNCSG as MLNCSG + 2* RRTNCSG.
· Step 4: Define VIL
· Handled by Issue 3-4


Regarding NCSG pattern, firstly we think only keeping measurement length and repetition periodicity in the pattern is not enough and the time for RF retuning should also be included in the pattern. Secondly if the NCSG is defined as the number of slots, it will be different for different SCS configuration and also different for sync and async cases. Since it has been agreed to define NCSG patterns corresponding to legacy patterns #0~#23 in last meeting, there will be much more NCSG patterns (2*4*24 patterns). So we are fine to define NCSG pattern as absolute time. In this case, the NCSG will be same for different SCS and sync/async cases. But the interruption requirements should be defined separately as the number of interrupted slots. 
Refer to LTE definition, NCSG is defined as VIL and ML in absolute time unit. But in last meeting, for the length of VIL, it was agreed to translate [1ms] (FR1) and [0.75ms] (FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case. 
To avoid ambiguity, we can accept to replace VIL in the NCSG pattern with RRT i.e. define the NCSG pattern as: MLNCSG = MGLlegacy – 2*RRT and MGLNCSG = MLNCSG + RRT + RRT = MGLlegacy, while the interruption requirements are defined as the length of VIL. 
Proposal 7: Define same NCSG patterns for sync and async scenarios NCSG is defined as absolute time. 
Proposal 8: The NCSG pattern is defined as MLNCSG = MGLlegacy – 2*RRT and MGLNCSG = MLNCSG + RRT + RRT = MGLlegacy, while the interruption requirements are defined as the length of VIL. 
Based on the discussions above, the NCSG pattern is defined as proposal 9 which is same for different SCS and for both sync and async cases. 
Proposal 9: The NCSG patterns are defined as the Table 1 below: 
Table 1: NCSG Pattern Configurations
	NCSG Pattern Id
	RF Retuning time (RRT1, ms)
	Measurement Length during which there is no gap (ML, ms)
	RF Retuning time (RRT2, ms)
	Visible interruption Repetition Period
(VIRP, ms)

	0
	0.5
	5
	0.5
	40

	1
	0.5
	5
	0.5
	80

	2
	0.5
	2
	0.5
	40

	3
	0.5
	2
	0.5
	80

	4
	0.5
	5
	0.5
	20

	5
	0.5
	5
	0.5
	160

	6
	0.5
	3
	0.5
	20

	7
	0.5
	3
	0.5
	40

	8
	0.5
	3
	0.5
	80

	9
	0.5
	3
	0.5
	160

	10
	0.5
	2
	0.5
	20

	11
	0.5
	2
	0.5
	160

	12
	0.25
	5
	0.25
	20

	13
	0.25
	5
	0.25
	40

	14
	0.25
	5
	0.25
	80

	15
	0.25
	5
	0.25
	160

	16
	0.25
	3
	0.25
	20

	17
	0.25
	3
	0.25
	40

	18
	0.25
	3
	0.25
	80

	19
	0.25
	3
	0.25
	160

	20
	0.25
	1
	0.25
	20

	21
	0.25
	1
	0.25
	40

	22
	0.25
	1
	0.25
	80

	23
	0.25
	1
	0.25
	160



2.3 UE capability and network configuration of NCSG
	Issue 4-1: whether additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability
· Open issues:
· Option 1: no.
· Option 2: yes. Introduce per BC indication of per FR NCSG in Rel-17. The discussion can be postponed till progress is made towards per BC indication for per FR UE capability.


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 10: No additional NCSG capability for per-UE and per-FR differentiation is needed. 
For the signaling of NCSG, there are the following issues and candidate options in last meeting: 
	Issue 4-2: how to indicate the support of NCSG pattern
· Open issues:
· Option 1: introduce new signalling (separately from NeedForGap) to indicate support of NCSG.
· Option 2: introduce new element in NeedForGap to indicate support of NCSG.
· Option 3: introduce new signalling (separately from NeedForGap) to indicate support of following cases
· Case 1: gap 
· Case 2: no-gap-with-interruption (or NCSG)
· Case 3: no-gap-no-interruption
· Option 4: up to RAN2.
Issue 4-4: configuration of NCSG.
· Open issues:
· Option 1: Support the explicit configuration for NCSG (detail to be left to RAN2).
· Option 2: Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
· Option 3: postpone until NCSG pattern design as well as NCSG applicability and UE capability support are finalized
Issue 4-5: Mapping/relation between NCSG and legacy MG patterns.
· Open issues:
· FFS: Introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns for the UE and gNB to determine the transform gap pattern. Details of mapping are FFS.
· FFS: When UE supports NCSG, the supported gap pattern index shall be the same as its reported legacy MG pattern capability in Rel-15/16.
· FFS: Use the same index for legacy MGP and its corresponding NCSG pattern.


For issue 4-2, we think it is not aligned for the question and candidate options. For the support of NCSG pattern, we think it should be a new capability for the support of this new NCSG feature to indicate whether UE supports NCSG. But the signaling NeedForGap mentioned in the options which is defined in 38.331 [2] as below is indicating whether the gap is needed for a certain measurement. And if extended to NCSG, it is to indicate whether NCSG is needed for a certain measurement for the UE supporting NCSG. 
	–	NeedForGapsInfoNR
The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.
NeedForGapsInfoNR information element
-- ASN1START
-- TAG-NeedForGapsInfoNR-START

NeedForGapsInfoNR-r16 ::=        SEQUENCE {
    intraFreq-needForGap-r16      NeedForGapsIntraFreqlist-r16,
    interFreq-needForGap-r16      NeedForGapsBandlistNR-r16
}

NeedForGapsIntraFreqlist-r16 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForGapsIntraFreq-r16

NeedForGapsBandlistNR-r16 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR-r16

NeedForGapsIntraFreq-r16  ::=                 SEQUENCE {
    servCellId-r16                               ServCellIndex,
    gapIndicationIntra-r16                       ENUMERATED {gap, no-gap}
}

NeedForGapsNR-r16  ::=                        SEQUENCE {
    bandNR-r16                                   FreqBandIndicatorNR,
    gapIndication-r16                            ENUMERATED {gap, no-gap}
}

-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP


Proposal 11: A new capability for support of NCSG is needed to indicate whether a UE supports NSCG patterns. 
Proposal 12: For the indication of the need for NCSG, we are fine to extend the signaling NeedForGap to include NCSG indicating whether NCSG is required for SSB based measurement. But the final decision can be left to RAN2. 
For the configuration of NCSG, it has been agreed that only NW explicit configuration for NCSG is considered in Rel17 in RAN4#98bis-e meeting i.e. option1 in issue 4-4 has been agreed. For the configuration signaling, we have no strong view to configure NCSG in MeasGapConfig or define a new signaling e.g. NcsgConfig. It can be left to RAN2. 
Proposal 13: For the configuration of NCSG, we are fine to configure NCSG in existing MeasGapConfig or define a new signaling e.g. NcsgConfig. It can be left to RAN2. 
For the mapping or relation 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. 
In another aspect, if VIL is defined as the number of interrupted slots, the NCSG pattern will be different for different SCS configuration. So there will be more patterns for NCSG than the legacy gap. 
Proposal 14: Do not introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns. NCSG and legacy gap are configured independently. 
2.4 Measurement related requirements
	Issue 5-1: CSSF design
· Open issues:
· Option 1: define a new CSSF dedicated for NCSG measurement
· Option 2: When NCSG is configured, for a frequency layer that can be measured without MG, Kp = 1/(1- (SMTC period /VIRP)) applies when SMTC period < VIRP; when SMTC period >= VIRP, the frequency layer should be measured within NCSG and be accounted in the CSSF calculation.
· Other options are not precluded.


As NCSG is configured independently with legacy gap, the CSSF should be defined separately. But the principle of CSSF definition for legacy can be the baseline for the CSSF for NCSG. 
When NCSG is configured, UE is only interrupted in the duration time of VIL and during the ML, UE can communicate as usual, so the existing scheduling restriction defined in 38.133 shall still apply. 
For the interruption requirements, as discussed in section 2.2, it is defined as the length of VIL i.e. translate [1ms] (FR1) and [0.75ms] (FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case. But we think 0.75ms for FR1 and 0.5ms for FR2 is enough. So the suggested interruption requirements are provided in proposal 17. 
Proposal 15: Define a new CSSF dedicated for NCSG measurement. The principle of CSSF definition for legacy gap can be the baseline. 
Proposal 16: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply. 
Proposal 17: Define the interruption requirements (VIL) as below. 
	SCS
	Synchronous
	Asynchronous

	 
	interruption length before measurement
	interruption length before measurement

	15KHz 
	1 slot
	2 slots

	30KHz 
	2 slots
	3 slots

	60KHz 
	3 slots
	4 slots

	120KHz 
	6 slots
	7 slots


Based on the discussions above, a draft LS to RAN2 is provided in Annex to inform RAN4 agreements and ask for the signaling design for NCSG support. 
3 Summary
In this paper, we have some further discussions on NCSG for NR and the following proposals are given：
Proposal 1: NCSG can be used for CSI-RS based inter-frequency measurement with gap. 
Proposal 2: No need to define use case for different UE capability and NW configuration. What we need to discuss here is the measurement requirements based on NCSG. 
Proposal 3: NCSG can be supported for NR-DC and NE-DC. 
Proposal 4: The set of mandatory gap patterns should be discussed after the NSCG patterns are defined. 
Proposal 5: NCSG cannot be configured with legacy gap simultaneously without considering concurrent gaps. 
Proposal 6: Postpone the joint discussion with concurrent gaps and pre-configured MG until each item is settled. 
Proposal 7: Define same NCSG patterns for sync and async scenarios NCSG is defined as absolute time. 
Proposal 8: The NCSG pattern is defined as MLNCSG = MGLlegacy – 2*RRT and MGLNCSG = MLNCSG + RRT + RRT = MGLlegacy, while the interruption requirements are defined as the length of VIL. 
Proposal 9: The NCSG patterns are defined as the Table 1.  
Proposal 10: No additional NCSG capability for per-UE and per-FR differentiation is needed. 
Proposal 11: A new capability for support of NCSG is needed to indicate whether a UE supports NSCG patterns. 
Proposal 12: For the indication of the need for NCSG, we are fine to extend the signaling NeedForGap to include NCSG indicating whether NCSG is required for SSB based measurement. But the final decision can be left to RAN2. 
Proposal 13: For the configuration of NCSG, we are fine to configure NCSG in existing MeasGapConfig or define a new signaling e.g. NcsgConfig. It can be left to RAN2. 
Proposal 14: Do not introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns. NCSG and legacy gap are configured independently. 
Proposal 15: Define a new CSSF dedicated for NCSG measurement. The principle of CSSF definition for legacy gap can be the baseline. 
Proposal 16: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply. 
Proposal 17: Define the interruption requirements (VIL) as below. 
	SCS
	Synchronous
	Asynchronous

	 
	interruption length before measurement
	interruption length before measurement

	15KHz 
	1 slot
	2 slots

	30KHz 
	2 slots
	3 slots

	60KHz 
	3 slots
	4 slots

	120KHz 
	6 slots
	7 slots
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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 reached the following agreements: 
	For scenarios and use case: 
· Agreement:
· NCSG can be used for:
· Measurement on de-activated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· CSI-RS based inter-frequency measurement with gap
· measurement on dormant SCell
· NCSG will not be used for 2G/3G measurements and PRS measurements.
· NCSG can be supported for NR-DC and NE-DC

For NCSG pattern: 
· The NCSG pattern is defined as MLNCSG = MGLlegacy – 2*RRT and MGLNCSG = MLNCSG + RRT + RRT = MGLlegacy. 
· The NCSG patterns are defined as the tables below: 
Table 1 NCSG pattern configurations
TBD

For configuration of NSCG and UE capability: 
· Agreement:
· Even if UE supports NCSG then it is up to the NW implementation to configure the UE with legacy MG or with NCSG.”
· No additional NCSG capability for per-UE and per-FR differentiation is needed.
· A new capability for support of NCSG is needed to indicate whether a UE supports NSCG patterns. 
· For the indication of the need for NCSG, it is feasible to extend the signaling NeedForGap to include NCSG indicating whether NCSG is required for SSB based measurement. But the final decision can be left to RAN2. 
· For the configuration of NCSG, it is feasible to configure NCSG in existing MeasGapConfig or define a new signaling e.g. NcsgConfig. The details of signaling design can be left to RAN2. 


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
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG RAN WG4 Meeting #101bis-e		Jan. 17 – 25, 2022		Electronic Meeting
TSG RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
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