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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF capturing agreements and open issues related to network controlled small gap (NCSG) was approved [1]. 
In this contribution we further analyze the open issues related to the network controlled small gap (NCSG) identified in the last meeting.
2. Scenarios and use cases for using NCSG pattern
The following was agreed or are open issues related to the use cases and scenarios for NCSG [1].
· FFS: whether NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17
· NCSG for CQI measurement for dormant Scell is not supported in R17. FFS for RRM measurement for dormant SSell.
· Feasibility from requirement perspective of NCSG in EN-DC, NE-DC and NR-DC is FFS.
· NCSG is applicable in FR2 
The above issues are discussed below.
Support NCSG for CSI-RS based inter-frequency measurement with gap will require additional work and analysis. RAN4 should focus on SSB based measurements for NCSG in Rel-17. Therefore, we propose that NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.
While RAN4 agreed that CQI measurement for dormant SCell is not supported, but the UE can still perform RRM measurements on SCC with dormant SCell. This is an important use case since interruptions are periodic and invisible to the network. Therefore, NCSG should be supported for RRM measurements on SCC with dormant SCell.
RAN4 sent LS to RAN2 to collect feedback on whether it is feasible to support NCSG in EN-DC, NE-DC and NR-DC in Rel-17 from RAN2 perspective [2]. The decision whether NCSG in EN-DC, NE-DC and NR-DC is supported should be based on RAN2 feedback. Therefore, RAN4 should wait for RAN2 feedback. 
As also indicated in our earlier contribution, NCSG should also be supported for FR2 in Rel-17.
· Observation # 1: SCC with dormant SCell is an important use case since interruptions due to RRM measurements are periodic and invisible to the network.
· Proposal # 1: NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.
· Proposal # 2: NCSG is used for RRM measurements on the SCC with dormant SCell.
· Proposal # 3: Requirements for NCSG in EN-DC, NE-DC and NR-DC shall be defined if NCSG related procedures are feasible in EN-DC, NE-DC and NR-DC from RAN2 perspective.
· Proposal # 4: NCSG is also supported for FR2.
3. NCSG patterns
The following is the main open issues regarding NCSG patterns [1].
· 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.

RAN4 agreed that at least NCSG patterns corresponding to legacy patterns #0 and #1 are mandatory. Network typically uses the same framework for legacy gap patterns and NCSG patterns. Therefore, if mandatory NCSG patterns are limited to those corresponding to legacy patterns #0 and #1, then network based on Rel-16 will have significant implementation constrain. Therefore, in our view NCSG patterns corresponding to all mandatory legacy patterns in Rel-16 should be mandatory.
· Observation # 2: Network is expected to use the same or similar framework for legacy gap patterns and NCSG patterns.
· Observation # 3: Limiting mandatory NCSG patterns corresponding to only legacy patterns #0 and #1 will have significant implementation constrain on the existing network e.g. based on Rel-16.
· Proposal # 5: NCSG patterns, which correspond to all the mandatory legacy gap patterns in Rel-16, should be mandatory.
4. NCSG configuration and UE behaviour
[bookmark: _Hlk85748465]The following was agreed regarding the configuration of NCSG patterns and corresponding UE behaviour [1].

· 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

	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement within NCSG with only NCSG interruption allowed
	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 
This issue is related to the UE capability. It was agreed that the UE can report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’. There should be no interruption in case 3. Secondly for case 2-case c (with MG), the legacy gap interruption should be allowed. We therefore support option 2. 
· Observation # 4: When UE supports no-gap-no-interruption then no interruption should be allowed.
· Proposal # 6: Support option 2 regarding UE behaviour for different configuration based on UE capability for NCSG support. 
5. NCSG capability
The following was agreed regarding the NCSG capability to indicate support for NCSG pattern [1].
Whether additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability
· Option 1: No.
· Option 2: Define a per BC indication for per FR NCSG.
We also do not see need for any additional NCSG capability for per-UE and per-FR differentiation on top of existing per-UE and per-FR capability. This will create too complex implementation and usage of NCSG in the network.
· Observation # 5: Additional NCSG capability for per-UE and per-FR differentiation on top of existing per-UE and per-FR capability creates unnecessary complexity in handling different UEs for NCSG configuration.
· Proposal # 7: No additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability.
6. Scheduling restrictions due to NCSG
The following was agreed regarding the impact of the NCSG pattern on RRM requirements [1].

· Scheduling restriction in FR1:
· Option 1: 
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted. 
· For inter-frequency measurement and the target carrier and the serving cell are in different bands, all symbols in SMTC windows are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.
· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.
· Option 2: 
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply 
· For inter-frequency measurement and the target carrier and the serving cell are in different bands, SSB symbols to be measured are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.
· SSB symbols to be measured are the SSB symbols indicated by SSB-ToMeasure, if it is configured; otherwise, all L SSB symbols within the SMTC window duration
· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.
· Scheduling restriction in FR2: FFS
The UE can be configured with multiple inter-frequency carriers on different bands for measurements using NCSG. The measurement sampling is up to the UE. Therefore, the network does not know when the UE is performing measurement on certain inter-frequency. The additional UE capability to indicate whether scheduling restriction is needed when inter-frequency carrier and the serving cell are in different bands will be specific to band combinations i.e. bands of serving and inter-frequency carriers. Therefore, in FR1 the additional UE capability to indicate whether scheduling restriction is needed when inter-frequency carrier and the serving cell are in different bands may not be so beneficial. Therefore, for FR1 we propose:
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
However, in FR2 the UE capable of IBM should be able to receive and transmit data during the ML. However, situation is similar to FR1 that IBM may be specific to band combinations i.e. bands of serving and inter-frequency carriers. The UE may be configured with mix of CBM and IBM band combinations i.e. some serving and inter-frequency carriers are CMB and some serving and inter-frequency carriers are IBM. Therefore, it is more straight forward to allow existing scheduling restriction also for FR2 in Rel-17. This will also simplify the requirements in Rel-17. More complex cases can be discussed in future releases. 
· Observation # 6: UE capability on scheduling restriction is needed when inter-frequency carrier and the serving cell are in different bands will be specific to band combinations in FR1.
· Observation # 7: When UE supports different capabilities on scheduling restriction for different band combinations, the network cannot benefit with scheduling as it will not know when the UE is performing measurement on certain inter-frequency in FR1.
· Observation # 8: When UE supports different capabilities in terms of IBM and CBM for different band combinations, the network cannot benefit with scheduling as it will not know when the UE is performing measurement on certain inter-frequency in FR2.
· Proposal # 8: Do not introduce UE capability to indicate whether scheduling restriction is needed or not when inter-frequency carrier and the serving cell are in different bands FR1.
· Proposal # 9: For FR1 following scheduling restriction applies:
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· Proposal # 10: For FR2, existing scheduling restriction requirements defined in TS 38.133 shall apply regardless of whether serving cell and measured carrier support IBM or CBM.
7. NCSG transformation
As also analuzed in the previous meetings, there are several scenarios in which it is beneficial to simply transform the currently configured legacy measurement gap pattern into NCSG pattern. For example, if the UE is configured to measure on certain frequency layers which need legacy gaps then the UE will be configured with legacy gap pattern. But if the frequency layers which need legacy gaps are deconfigured then network may prefer to quickly switch to NCSG with the same parameters (e.g. ML, VIRP etc) as used by the legacy pattern (e.g. MGRP, MGL etc). RAN4 also agreed with ML as follows [1]:
· MLNCSG = MGLlegacy – 2*RRT
· RRT = 0.5 ms and 0.25 ms for FR1 and FR2 respectively.
This means effective gap length of gap in NCSG is the same as in the corresponding legacy gap pattern. 
RAN4 also agreed that NCSG patterns corresponding to the legacy patterns #0 to #23 shall be defined [1].
Therefore, mapping between legacy measurement gaps and NCSG should be feasible and can be defined. This will enable the network to quickly transform the legacy measurement gap pattern to NCSG pattern or vice versa by simply sending an indicator e.g. using 1-bit. The transformation which is switching between legacy measurement gap pattern and NCSG pattern will require some processing/transition time (T), which can be 5-10 ms. 
The mapping between NCSG patterns for corresponding legacy measurement gap patterns # 0 to # 23 is shown in table 1. This table gives one-to-one mapping between the legacy MG IDs and NCSG IDs. As agreed in the last meeting that VIL1 and VIL2 will not captured in the NCSG pattern table. Rather they will be separately defined in terms of number of interrupted slots. 
· Observation # 9: In several scenarios simply transforming the currently configured legacy measurement gap pattern into NCSG pattern or vice versa, will reduce gap setup delay and reduce signaling overheads.
· Observation # 10: Transformation between legacy measurement gap pattern and NCSG pattern requires mapping between legacy measurement gap pattern and NCSG pattern.
· Observation # 11: Effective gap length of gap in NCSG is the same as of the gap in corresponding legacy gap pattern.
· Observation # 12: Transformation between legacy measurement gap pattern and NCSG pattern may need some processing/transition time (T).
· Proposal # 11: Support 1-bit signaling mechanism for enabling network to transform: 
· currently configured legacy measurement gap pattern to corresponding NCSG pattern and
· currently configured NCSG pattern to corresponding legacy measurement gap pattern
· Proposal # 12: Introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns for the UE and gNB to determine the transform gap pattern.
· Proposal # 13: Processing/transition time (T) for UE to transform between legacy measurement gap pattern and NCSG pattern can be up to [5] ms.
Table 1: NCSG Pattern Configurations for synchronous/asynchronous operation and mapping to legacy MG pattern IDs
	Legacy MG pattern ID
	Parameters for NCSG patterns applicable in synchronous/asynchronous network operation

	
	NCSG Pattern Id
	Measurement Length during which there is no gap (ML, ms)
	Visible interruption Repetition Period
(VIRP, ms)

	0
	0
	5
	40

	1
	1
	5
	80

	2
	2
	2
	40

	3
	3
	2
	80

	4
	4
	5
	20

	5
	5
	5
	160

	6
	6
	3
	20

	7
	7
	3
	40

	8
	8
	3
	80

	9
	9
	3
	160

	10
	10
	2
	20

	11
	11
	2
	160

	12
	12
	5
	20

	13
	13
	5
	40

	14
	14
	5
	80

	15
	15
	5
	160

	16
	16
	3
	20

	17
	17
	3
	40

	18
	18
	3
	80

	19
	19
	3
	160

	20
	20
	1
	20

	21
	21
	1
	40

	22
	22
	1
	80

	23
	23
	1
	160





8. Summary and Proposals
[bookmark: _Hlk23953093]In this paper we have provided further analysis of using NCSG gaps for different use cases and scenarios based on the last WF [1]. Based on the analysis following are the main proposals: 
Scenarios/use cases for NCSG patterns:
· Observation # 1: SCC with dormant SCell is an important use case since interruptions due to RRM measurements are periodic and invisible to the network.
· Proposal # 1: NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.
· Proposal # 2: NCSG is used for RRM measurements on the SCC with dormant SCell.
· Proposal # 3: Requirements for NCSG in EN-DC, NE-DC and NR-DC shall be defined if NCSG related procedures are feasible in EN-DC, NE-DC and NR-DC from RAN2 perspective.
· Proposal # 4: NCSG is also supported for FR2.
NCSG patterns:
· Observation # 2: Network is expected to use the same or similar framework for legacy gap patterns and NCSG patterns.
· Observation # 3: Limiting mandatory NCSG patterns corresponding to only legacy patterns #0 and #1 will have significant implementation constrain on the existing network e.g. based on Rel-16.
· Proposal # 5: NCSG patterns, which correspond to all the mandatory legacy gap patterns in Rel-16, should be mandatory.
NCSG configuration and UE behaviour:
· Observation # 4: When UE supports no-gap-no-interruption then no interruption should be allowed.
· [bookmark: _Hlk68195532]Proposal # 6: Support option 2 regarding UE behaviour for different configuration based on UE capability for NCSG support. 
NCSG capability:
· Observation # 5: Additional NCSG capability for per-UE and per-FR differentiation on top of existing per-UE and per-FR capability creates unnecessary complexity in handling different UEs for NCSG configuration.
· Proposal # 7: No additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability.
Impact on RRM requirements due to NCSG:
· Observation # 6: UE capability on scheduling restriction is needed when inter-frequency carrier and the serving cell are in different bands will be specific to band combinations in FR1.
· Observation # 7: When UE supports different capabilities on scheduling restriction for different band combinations, the network cannot benefit with scheduling as it will not know when the UE is performing measurement on certain inter-frequency in FR1.
· Observation # 8: When UE supports different capabilities in terms of IBM and CBM for different band combinations, the network cannot benefit with scheduling as it will not know when the UE is performing measurement on certain inter-frequency in FR2.
· Proposal # 8: Do not introduce UE capability to indicate whether scheduling restriction is needed or not when inter-frequency carrier and the serving cell are in different bands FR1.
· Proposal # 9: For FR1 following scheduling restriction applies:
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted.
· Proposal # 10: For FR2, existing scheduling restriction requirements defined in TS 38.133 shall apply regardless of whether serving cell and measured carrier support IBM or CBM.
NCSG transformation mechanism:
· Observation # 9: In several scenarios simply transforming the currently configured legacy measurement gap pattern into NCSG pattern or vice versa, will reduce gap setup delay and reduce signaling overheads.
· Observation # 10: Transformation between legacy measurement gap pattern and NCSG pattern requires mapping between legacy measurement gap pattern and NCSG pattern.
· Observation # 11: Effective gap length of gap in NCSG is the same as of the gap in corresponding legacy gap pattern.
· Observation # 12: Transformation between legacy measurement gap pattern and NCSG pattern may need some processing/transition time (T).
· Proposal # 11: Support 1-bit signaling mechanism for enabling network to transform: 
· currently configured legacy measurement gap pattern to corresponding NCSG pattern and
· currently configured NCSG pattern to corresponding legacy measurement gap pattern
· Proposal # 12: Introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns for the UE and gNB to determine the transform gap pattern.
· Proposal # 13: Processing/transition time (T) for UE to transform between legacy measurement gap pattern and NCSG pattern can be up to [5] ms.
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