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1 Introduction
In RAN4#101bis-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 
· Option 1: NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. 
· Option 1a: NCSG can be used for CSI-RS inter-frequency measurement. UE reports supported CSI-RS BW for each band. 
· Option 2: NCSG for CSI-RS based inter-frequency measurement with gap is NOT supported in R17. 
· Option 3: RAN4 to work on CSI-RS based inter-frequency measurement requirement via NCSG after stabilizing the SSB-based requirements. 
· Option 4: NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. However, corresponding requirements will not be defined in R17.
· Option 5: NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. Corresponding requirements will be defined in R17. Introduce a new optional UE capability to indicate support of using NCSG for 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. 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. And when the inter-frequency CSI-RS based measurement is supported, the requirements can also follow the same principle as SSB based measurement and no additional efforts are needed. So there is no need to postpone the requirements to future release. 
Since this issue has been discussed for several meetings, to move forward, we can compromise to option 1a to allow UE to report the supported BW since this may be the only issue for UE which is related to the supported BW of the spare RF chain. 
Proposal 1: NCSG for CSI-RS based inter-frequency measurement with gap should be supported in R17. 
2.2 NCSG pattern
	Issue 2-1: On top of #0 and #1, whether additional NCSG gap patterns shall be mandatorily supported if UE supports NCSG.
NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE. FFS on other mandatory patterns:
· Option 1: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory. 
· Option 2: no additional mandatory NCSG patterns
Issue 2-2: The existing gap applicability in Rel-16 for NR-only measurement are reused for NCSG
UE can indicate support of some NCSG patterns which can only be used for NR-only measurement. FFS on how to indicate support of NR-only NCSG pattern:
· Option 1: reuse supportedGapPattern-Nronly (require mapping between legacy gap patterns and NCSG patterns)
· Option 2: introduce a new signaling, e.g. supportedNCSGPattern-Nronly
· Option 3: up to RAN2
Issue 2-3: time offset for NCSG:
· Option 1: The offset of NCSG refers to the starting point of VIL1. 
· Option 2: The offset of NCSG refers to the starting point of ML – RRT. Allow 2 slots interruption for 15kHz, sync, mgta=0.


For the mandatory gap patterns, we think the current applicability for legacy gap can be reused since the NCSG is defined corresponding to legacy gap. For NR-only measurement, GP#2, #3, #11, #17, #18, and #19 are mandatory for legacy gap, and then we think the corresponding NCSG pattern can also be mandatorily supported for the UE supporting NCSG. 
Since the NCSG is defined corresponding to the legacy gap pattern, generally we think the support of legacy gap and corresponding NCSG should be the same. But to leave some flexibility of UE implementation, e.g. allow UE supporting the legacy gap not to support the corresponding NCSG pattern, for the signalling indicating the support of other NCSG patterns, it is better to introduce a new signalling. And we are also fine to leave it to RAN2. 
For the time offset for NCSG, since the current NCSG pattern only include ML and VIRP, we think the offset can refer to the starting point of ML. If we use option 2, we should inform the definition and value of RRT to RAN2. And if we use option 1, since VIL is defined as the number of slots, the location of NCSG may be problematic. Also both RRT and VIL are only defined in RAN4 spec as requirements and are not suitable to be used as configured parameters. 
Proposal 2: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory. 
Proposal 3: For the support of NCSG pattern, prefer to introduce a new signalling and it is also fine to leave it to RAN2. 
Proposal 4: The offset of NCSG refers to the starting point of ML. 
2.3 UE capability and network configuration of NCSG
	Issue 3-2: Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap
· Option 1: No 
· Option 2: Define a per BC indication for per FR NCSG. 
· Option 3: do not rely on R15 capability independentGapConfig. Define a new NCSG per-UE and per-FR capability, e.g. independentNCSGConfig 


For per-UE or per-FR capability, in previous meeting, it has been agreed that both per-UE and per-FR NCSG are supported. Our understanding on option 1 is no additional per BC indication is needed on top of per-UE and per-FR NCSG. Since the NCSG is defined based on the legacy gap pattern and there is no per BC indication for per-FR gap, we think there is no need to define per BC indication for NCSG either. But it doesn’t mean the per-UE or per-FR indication of NCSG is using the same signaling as legacy gap and it can be independent with legacy gap. For per-UE and per-FR NCSG indication, we have no strong view to use the current capability independentGapConfig or introduce a new capability. But no matter which approach is used, some updates on the UE capability are needed by RAN2, so we are also fine to leave the decision to RAN2. 
Proposal 5: No additional per BC indication is needed on top of per FR NCSG. 
Proposal 6: It is up to RAN2 to define the UE capability indicating the support of per FR NCSG. 
2.4 Others
	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 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 7: Do not introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns. 
2.5 Reply LS to RAN2
In this meeting, a reply LS [3] on NCSG is received from RAN2 and the following question is asked to RAN4: 
	In addition, RAN2 would like to kindly ask RAN4 following question:
Q: Whether to support simultaneous configurations on the following combinations?
1) NCSG FR1 gap + NCSG FR2 gap
2) Legacy FR1 gap + NCSG FR2 gap
3) Legacy FR2 gap + NCSG FR1 gap
4) One legacy perUE gap + one NCSG perUE gap
5) One legacy perUE gap + NCSG FR1 gap
6) One legacy perUE gap + NCSG FR2 gap


Since it has been agreed both per UE and per FR NCSG are supported, so combination 1) is obviously supported. Since the gap configuration for FR1 and FR2 can be independent, we think combination 2) and 3) can be supported. And because the joint requirements of concurrent gap and NCSG are not considered in R17, combination 4), 5) and 6) cannot be supported. 
Proposal 8: Combination 1), 2) and 3) can be supported, and combination 4), 5) and 6) cannot be supported without considering concurrent gaps. 
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: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory. 
Proposal 3: For the support of NCSG pattern, prefer to introduce a new signalling and it is also fine to leave it to RAN2. 
Proposal 4: The offset of NCSG refers to the starting point of ML. 
Proposal 5: No additional per BC indication is needed on top of per FR NCSG. 
Proposal 6: It is up to RAN2 to define the UE capability indicating the support of per FR NCSG. 
Proposal 7: Do not introduce mapping table between legacy measurement gap patterns and corresponding NCSG patterns. 
Proposal 8: Combination 1), 2) and 3) can be supported, and combination 4), 5) and 6) cannot be supported without considering concurrent gaps. 
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