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1 Introduction
A WF on NCSG has also been approved in last RAN4 meeting [1]. 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 
· Scenarios and use cases
· In principle, NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements.
· FFS on whether NW should configure the legacy MG rather than NCSG even UE can support both of them. 
· Measuring deactivated SCC shall be studied as one scenario for NCSG usage as we agreed unless critical issues were identified. 

As agreed in last meeting, if it is allowed to be used separately with ‘needforgap’, NCSG should be valid for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements. Either the legacy MG or NCSG to be configured for UE supporting both of them is left to NW. No need to introduce any restriction.
Proposal 1: It is left to network whether to configure the legacy MG rather than NCSG even if UE can support both of them
· NCSG pattern and configuration
	· Define NCSG patterns for subset of the legacy MG patterns in [TS38.133 v16.5.0].
· FFS on which subset of legacy MG patterns 
· FFS on RAN4 needs to define separate NCSG patterns for sync and async scenarios
· Option 1 (Ericsson, Nokia, Intel, Qualcomm):  Yes
· Different NCSG patterns for synchronous and asynchronous operations in FR1
· Same NCSG patterns for synchronous and asynchronous operations in FR2.
·  Option 2 (ZTE, OPPO, Huawei, MTK, vivo, CATT): No
· No need to separate NCSG patterns needed for synchronous and asynchronous operations.
· Option 3 (CMCC, MTK, vivo, Apple): same NCSG patterns for synchronous and asynchronous operations, provided that the NCSG pattern only comprise the RF retuning time and ML. Interruption is not captured in VIL(RRT) and specified separately.
· FFS on gap pattern index for NCSG 
· FFS on VIL:
· Option 1a (Qualcomm, Intel, Ericsson, vivo, ZTE, OPPO): VIL should be explicitly defined based on the number of interrupted durations in absolute time 
· Option 1b (Apple, CATT, Qualcomm, ZTE): VIL should be explicitly defined based on the number of interrupted durations in slot 
·  Option 2(MTK, Huawei, CMCC, Nokia): based on absolute RF retuning time (tentatively denoted as “RRT”).
· FFS on ML of NCSG (or the total length of NCSG).
· Option 1: the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap
· Option 2: the total length of NCSG (“ML + VIL1+VIL2”) is larger than MGL of the legacy gap and the effective measurement window of NCSG (which is equal to ML) is same as “legacy MGL – 2 *RRT)”. 
· FFS on explicit configuration for NCSG
· Option 1 (OPPO, Intel): NCSG configuration shall be based on legacy MG configuration 
· Option 1a (MTK, HW, OPPO) : Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
· Option 2(CATT, ZTE): Up to RAN2
· FFS other options



RAN4 has agreed the general principle of NR NCSG design, e.g., to define NCSG patterns for subset of the 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 2: 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. 
We prefer that NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset. And NCSG pattern should be configured based on MG configuration. 
[bookmark: _Toc68023265][bookmark: _Ref68023371]Proposal 3: NCSG pattern should be configured based on MG configuration, with NW explicit configuration for NCSG in Rel17.
Regarding LTE NCSG, at most 2 patterns have been supported for 1 gap patterns for UE. One MG pattern is allowed to be associated with multiple NCSG with different VIL requirements. For the total length of NCSG, we think either option 1 or 2 is fine, since (“ML + VIL1+VIL2”) could be larger than or same as MGL of the legacy gap, as LTE NCSG works. But at least, the effective measurement window of NCSG (which is equal to ML) is same as “legacy MGL – 2 *RRT). The obvious advantage of option 1 could be less NCSG patterns, but it needs extra interruption requirements outside of VIL. Whether the total interruption should be considered in VIL is still open to discuss. 
From our side, we can compromise to option 1 that NCSG pattern only comprise the RF retuning time and ML, which is the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of corresponding legacy gap. In this case, some interruption is not captured in VIL(RRT) and specified separately. Since the RTT is the same for synchronous and asynchronous operations, there is no need to separate NCSG patterns needed for synchronous and asynchronous operations.
Proposal 4: No need to separate NCSG patterns needed for synchronous and asynchronous operations, if RAN4 agreed that the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap.
	Impacts on RRM requirements due to NCSG
· FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Option 3: the interruption is proposed as following
[image: ]
· Option 3a: 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.
· Option 4 
· VIL on active victim serving cells is the number of interrupted slots calculated based on
· Aggressor reference cell RRT, 
· Victim cell SCS, and 
· Sync or async. operation
· Option 5: RAN4 to further discuss the condition, capability and impacts to measurement requirements for UE to use NCSG to control interruptions due to measurement on deactivated SCC or Scell in dormancy
· The existing measurement mode requirements (effective MGRP, data scheduling depends on gap configuration) can be the baseline
· FFS on Per-UE or Per-FR capability support 
· Option 1: per UE and per FR NCSG for RRM measurement needs the specific UE capability.
· Option 2: No additional NCSG capability for per-UE and per-FR differentiation is needed
· Others
· CCSF
· Only one layer can be measured for each NCSG occasion, which is the assumption for deriving CSSF


In addition to RTT mentioned before, the actual interruption comprises additional time margin due to timing advance for UL transmission and timing misalignment between carriers. Such the time margin is small and generally one more slot is enough. Therefore, we support to define the interruption requirements as the number of slots based on victim cell SCS. For the exact number of interruption slots, similar rules in LTE could be reused, i.e.  for FR1 and  for FR2. One more slot is added to the interruption length for synchronous operation if the next slot after NSCG is configured as UL transmission. One more slot is added to the measurement length for both before and after measurement if applied to asynchronous operation.
If defining the number of interrupted slots for interruption requirements for synchronous case, one more slot is added for asynchronous case.
Proposal 5: If defining the number of interrupted slots for interruption requirements for synchronous case, one more slot is added for asynchronous case.

From our side, we think NCSG pattern should follow the applicability of corresponding MG pattern, e.g., 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 the applicability of corresponding MG pattern. UE is not allowed to make any autonomous interruption outside the interruption requirements of the configured NCSG for the measurement.
Proposal 6: No additional NCSG capability for per-UE and per-FR differentiation is needed. NCSG pattern should follow the applicability of corresponding MG pattern.
	Measurement applicability
· Defer the discussion on simultaneous configuration of NCSG and legacy MG based on concurrent MG framework to the 2nd stage of this WI.
· FFS on Rx beam limitation
· Option 1. (MTK, Ericsson, Huawei):  NCSG pattern is also supported for FR2 
· Option 1a. (MTK)NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
· Option 2(CATT) NCSG in FR2 should be deprioritized in current stage.
· FFS on scheduling and measurement restriction
· Option 1 (Ericsson, CATT): When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply, 
· Option 1a(Qualcomm): RAN4 to discuss if existing scheduling restrictions of 9.2.5.3.3 for measurement on FR2 intra-frequency cell shall be extended for the use case of measurement on intra- or inter-frequency cell via NCSG instead of legacy MG.
· Option 2(Huawei, OPPO, Intel): Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.


Proposal 7: Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.

· SignalingFFS on How to consider the relation between NCSG and ‘NeedForGap’?
· Option 1: The “NeefForGap” signaling structure can be reused for NR NCSG as a start point
· Option 1a: Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signaling structure with a new component ‘NCSG’. 
· Option 1b: Extend the Rel-16 NeedForGap ignaling for UE to indicate 
· Need for normal MG, or
· No need for normal MG but NCSG, or
· No need for either normal MG or NCSG 
· Option 2: Don’t reuse Rel-16 ‘NeedForGap’ signaling for NCSG
· Option 3: Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design
· Option 4: FFS when the NCSG pattern design as well as NCSG applicability and UE capability support are finalized

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 8: 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. 
Proposal 1: It is left to network whether to configure the legacy MG rather than NCSG even if UE can support both of them.
Proposal 2: 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 3: NCSG pattern should be configured based on MG configuration, with NW explicit configuration for NCSG in Rel17.
Proposal 4: No need to separate NCSG patterns needed for synchronous and asynchronous operations if agreed that the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap
Proposal 5: If defining the number of interrupted slots for interruption requirements for the synchronous case, one more slot is added for asynchronous case.
Proposal 6: No additional NCSG capability for per-UE and per-FR differentiation is needed. NCSG pattern should follow the applicability of corresponding MG pattern.
Proposal 7: Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.
Proposal 8: NR NCSG signaling is introduced newly, independent from Rel-16 “Needforgap” signaling, e.g., NCSG, No-NCSG.
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