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1 Introduction
In RAN4#98bis-e meeting, the item on Network Controlled Small Gap was further discussed and some consensuses are reached. The conclusions and the remaining issues are captured in the approved WF [1]. In this paper, we have some discussions on the remaining issues and give our proposals. 
2 Discussion
2.1 Scenarios and use cases
	· The use cases of NR NCSG can be
· Eliminate/reduce interruption rate and interruption length/duration due to measurements on deactivated Scell, Scell with dormant BWP or unused RF chain
· FFS on 
· intra-frequency measurements with MG, 
· inter-frequency measurements with MG, 
· inter-RAT measurements,
· NCSG patterns shall be defined for both synchronous and asynchronous operations
· FFS on RAN4 needs to define separate NCSG patterns for sync and async scenarios


Generally we are fine with that the use cases of NCSG can be gap-based measurement including intra-frequency, inter-frequency and inter-RAT measurement. But we think the current use case definition is enough and no need to further define it is intra-frequency, inter-frequency or inter-RAT measurement. Since the conditions for different measurements are different and can be defined when defining interruption requirements. 
Proposal 1: No need to further define whether the use cases of NCSG is intra-frequency, inter-frequency or inter-RAT measurement. 
For defining NCSG patterns, we agree that the slot interrupted by RF tuning can be different for synchronous and asynchronous case if the VIL is defined based on slot level. So we are fine to define separate NCSG patterns for synchronous and asynchronous case. But we think this can be discussed and decided directly in the NCSG pattern design. 
Proposal 2: Whether to define separate NCSG for synchronous and asynchronous DC can be discussed and decided in the NCSG pattern design part. 
2.2 NCSG pattern
	· The general NCSG design principle :
· Option 1. Define NCSG patterns for All 26 MG patterns in Rel16
· Option 2 Define NCSG patterns for subset of the legacy MG patterns in [TS38.133 v16.5.0] 
· FFS on which subset of legacy MG patterns
· The NCSG gap patterns are defined based on the absolute RF retuning time or not? 
· Option 1: NO, based on a generic interrupted duration [FFS] 
· Option1-1: ML=MGL-VIL1-VIL2
· Option1-2: ML=legacy MG window length
· Option 2: Yes, based on the RF retuning time (RRT). ML=MGL-RRT1-RRT2
· FFS on the length of RRT


In LTE, the NCSG pattern is only defined for gap pattern #0 and gap pattern #1(MGL = 6ms). In NR, more gap patterns are introduced and can be configured per-FR and per-UE. But there is no need to define NCSG pattern for all legacy gap patterns. The limited NCSG should be considered by RAN4. One approach is to define NCSG based on part of the gap pattern with long MGL (e.g., gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2) which is similarly as LTE. 
Proposal 3: Similarly as LTE, define NCSG for part of legacy gap pattern with long MGL. 
Proposal 4: Define NCSG pattern for set or subset of the following legacy gap pattern: 
· Gap pattern with ID 0, 1, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15, 16, 17, 18, 19. 
In LTE, the interruption time VIL is defined in the unit of ms i.e. the number of subframes. But in NR, the frame structure is more flexible with different SCS configuration. And the interruption time caused by RF tuning time can cover multiple slots, and all these slots cannot be scheduled. So the interruption time in NR should be defined in the number of slots. But in this case, the MGL is not equal to (VIL1+ML+VIL2) for asynchronous case since the slot boundary is not aligned. The VIL and ML should be defined independently with MGL. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 5: The VIL should be defined as the number of interrupted slots. 
Proposal 6: The VIL are defined considering RF tuning time and slot boundary alignment between cells. And (VIL1+ML+VIL2) can be larger than MGL for asynchronous case. 
2.3 Impacts on RRM requirements
	· FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]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
· Option 4: 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
· FFS on CSSF when NCSG is configured
· FFS on 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


If this part is related to the VIL value definition, we think it is part of discussion on NCSG pattern. And the principle of NCSG pattern (relation to MGL, the unit of VIL etc.) should be decided first. If the VIL is defined based on the slot level, we are generally fine with the VIL value in option 3 considering RF tuning time. 
If this part is related to the interruption on serving cell, existing interruption requirements for SCell activation/deactivation can serve as starting point. 
For the CSSF, if NCSG is configured, the measurement performed in NCSG can be excluded from the candidate of gap occasion. And the current CSSF requirements can be reused. 
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. 
Proposal 7: The current CSSF requirements can be reused except to exclude the candidate that will be measured in NCSG. 
Proposal 8: No additional NCSG capability for per-UE and per-FR differentiation is needed. 
2.4 Measurement applicability
	· FFS on whether NCSG can be configured simultaneously with legacy gap pattern
· Option 1. Yes.
· FFS on how to apply the measurement requirements (e.g. CSSF) under this assumption
· Option 2. In the first phase of the WI , No
· FFS on how to apply the measurement requirements (e.g. CSSF) under this assumption
· FFS on RF combination limitation
· Option 1. UE is not expected to measure 2 inter-freq/RAT layers in parallel even if UE reports the support of NCSG to both corresponding bands
· Others
· FFS on Rx beam limitation
· Option 1. : NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
· Option 2: NCSG in FR2 should be deprioritized in current stage.
· Others
· FFS on scheduling and measurement restriction
· Option 1: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply


[bookmark: _GoBack]For RF combination limitation, we are fine with option 1 but we think the can be reflected in the CSSF definition. We suggest defining this in the CSSF assumption. 
Proposal 9: If UE doesn’t support per-FR gap and per-FR NCSG, NCSG cannot be configured with legacy gap pattern simultaneously. If UE support per-FR gap and per-FR NCSG, NCSG can be configured with legacy gap pattern in the different FR. 
Proposal 10: Measurement requirement for NCSG is defined based on the assumption that only one layer can be monitored in one NCSG occasion. 
Proposal 11: NCSG in FR2 can be deprioritized in current stage. 
Proposal 12: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply. 
2.5 Signaling
	· FFS 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
· Note: RAN4 tries to reach consensus on what needs to be signalled for NCSG support. The final signaling design is still up to RAN2 decision. 


[bookmark: OLE_LINK30][bookmark: OLE_LINK31]It was agreed that only NW explicit configuration for NCSG is considered in Rel17. Whether the NCSG is needed and the NCSG patterns to be used need to be indicated to UE. In our understanding, extending the signaling ‘NeedForGap’ and introducing new signaling are both feasible, but the decision should be made in RAN2. 
Expect the indication for need of NCSG, as we discussed in 2.2, the NCSG pattern configuration should also be introduced in higher layer signaling after the patterns are defined. And both signaling design should be done in RAN2. So we propose to focus on the NCSG design (pattern, applicability, requirement etc.) in RAN4 and send LS to RAN2 after the consensus is reached. Both the NCSG configuration and signaling indication should be discussed and decided in RAN2. 
Proposal 13: Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design. 
3 Summary
In this paper, we have some further discussions on NCSG for NR and the following proposals are given：
Proposal 1: No need to further define whether the use cases of NCSG is intra-frequency, inter-frequency or inter-RAT measurement. 
Proposal 2: Whether to define separate NCSG for synchronous and asynchronous DC can be discussed and decided directly in the NCSG pattern design part. 
Proposal 3: Similarly as LTE, define NCSG for part of legacy gap pattern with long MGL. 
Proposal 4: Define NCSG pattern for set or subset of the following legacy gap pattern: 
· Gap pattern with ID 0, 1, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15, 16, 17, 18, 19. 
Proposal 5: The VIL should be defined as the number of interrupted slots. 
Proposal 6: The VIL are defined considering RF tuning time and slot boundary alignment between cells. And (VIL1+ML+VIL2) can be larger than MGL for asynchronous case. 
Proposal 7: The current CSSF requirements can be reused except to exclude the candidate that will be measured in NCSG. 
Proposal 8: No additional NCSG capability for per-UE and per-FR differentiation is needed. 
Proposal 9: If UE doesn’t support per-FR gap and per-FR NCSG, NCSG cannot be configured with legacy gap pattern simultaneously. If UE support per-FR gap and per-FR NCSG, NCSG can be configured with legacy gap pattern in the different FR. 
Proposal 10: Measurement requirement for NCSG is defined based on the assumption that only one layer can be monitored in one NCSG occasion. 
Proposal 11: NCSG in FR2 can be deprioritized in current stage. 
Proposal 12: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply. 
Proposal 13: Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design. 
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