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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 options were identified for using NCSG for CSI-RS based inter-frequency measurement with gap [1]:
· 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.
The main use case of NCSG is to avoid invisible interruptions for measurement without gaps. The CSI-RS based inter-frequency measurements are done with measurement gaps. Therefore, the impact on scheduling restriction and other related issues for CSI-RS based inter-frequency measurement using NCSG will require substantial work. This is beyond the scope of Rel-17. We therefore support option 2.
· Observation # 1: Existing CSI-RS based inter-frequency measurements are done with measurement gaps.
· Observation # 2: Impact on scheduling restriction and other related issues for CSI-RS based inter-frequency measurement using NCSG will require substantial work
· Proposal # 1: NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.
3. NCSG patterns
The following open issues regarding NCSG patterns were identified [1].
FFS on other mandatory patterns:
· [bookmark: _Hlk95676801]Option 1: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory. 
· Option 2: no additional mandatory NCSG patterns


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
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. 

Mandatory NCSG patterns should correspond to all the mandatory. Otherwise, the network based on Rel-16 UE implementation will have significant implementation constrain and limitation. Therefore, in our view NCSG patterns corresponding to all mandatory legacy patterns in Rel-16 should be mandatory. We therefore support option 1.
· Observation # 3: Network is expected to use the same or similar framework for legacy gap patterns and NCSG patterns.
· Observation # 4: 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 # 2: NCSG patterns, which correspond to all the mandatory legacy gap patterns in Rel-16, should be mandatory:
· For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory
How the UE indicates the support of NR-only NCSG pattern may most likely require new RAN2 signaling. But this is related to RAN2 signaling design. Therefore, we prefer to leave these details to RAN2. 
· Observation # 5: How the UE indicates the support of NR-only NCSG pattern is related to RAN2 signaling design.
· Proposal # 3: How to indicate support of NR-only NCSG pattern is left for RAN2 to decide.
The offset of NCSG should be RRT before the start of the ML. The advantage is that this approach will alignment between the NCSG and legacy measurement gaps, which are expected to be supported in future. This also allows easy transformation between the NCSG and the legacy measurement gaps. We therefore support option 2.
· Observation # 6: Offset of NCSG should allow alignment between the NCSG and legacy measurement gaps for future profness and transformation.
· Proposal # 4: Support option 2 i.e. offset of NCSG refers to RRT before the start of the ML. 
4. NCSG capability
The following was agreed regarding the NCSG capability to indicate support for NCSG pattern [1].
· 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 

[bookmark: _Hlk95678908]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. We therefore do not support option 2. Following Option 3 if the UE indicates different type capabilities (per FR or per UE) for legacy gaps and for NCSG then transformation between NCSG and legacy gaps may not be possible. In this case it is most likely the network uses per UE gaps and will make the per FR gaps usage less attractive. Therefore, our preference is Option 1. 
· Observation # 7: 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.
· Observation # 8: New NCSG per-UE and per-FR capability may result in that the UE indicates different type capabilities (per FR or per UE) for legacy gaps and for NCSG making transformation between legacy gaps and NCSG difficult.
· Proposal # 5: No additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability.
5. Mapping between legacy gaps and NCSG patterns
The transformation between the NCSG pattern and the corresponding legacy measurement gap pattern can be performed by the network via RRC reconfiguration. But network needs to know the relation between a NCSG pattern and the corresponding legacy pattern or vice versa. The agreed NCSG patterns are derived from the legacy measurement gap patterns [2]. RAN4 also agreed with ML as follows:
· 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. The agreed NCSG patterns corresponding to the legacy patterns #0 to #23 [2]. But there is no explicit indication in the standard which provides any relation between the NCSG and legacy gap patterns. The mapping does not need to be defined in terms of table rather mapping between their identifers.
· Observation # 9: The transformation between the NCSG pattern and the corresponding legacy measurement gap pattern can be performed by the network via RRC reconfiguration.
· Observation # 10: Bu transformation between legacy measurement gap pattern and NCSG pattern requires the network to know the relation between legacy measurement gap pattern and NCSG pattern.
· Observation # 11: Wgreed NCSG patterns corresponding to the legacy patterns #0 to #23.
· Proposal # 6: Define mapping between legacy measurement gap patterns and corresponding NCSG patterns for the gNB to determine the transform gap pattern.
· Proposal # 7: Mapping between legacy measurement gap patterns and corresponding NCSG is defined by relating their identifiers.


6. 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: Existing CSI-RS based inter-frequency measurements are done with measurement gaps.
· Observation # 2: Impact on scheduling restriction and other related issues for CSI-RS based inter-frequency measurement using NCSG will require substantial work
· Proposal # 1: NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.
NCSG patterns:
· Observation # 3: Network is expected to use the same or similar framework for legacy gap patterns and NCSG patterns.
· Observation # 4: 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 # 2: NCSG patterns, which correspond to all the mandatory legacy gap patterns in Rel-16, should be mandatory:
· For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory
· Observation # 5: How the UE indicates the support of NR-only NCSG pattern is related to RAN2 signaling design.
· Proposal # 3: How to indicate support of NR-only NCSG pattern is left for RAN2 to decide.
· Observation # 6: Offset of NCSG should allow alignment between the NCSG and legacy measurement gaps for future profness and transformation.
· Proposal # 4: Support option 2 i.e. offset of NCSG refers to RRT before the start of the ML. 
[bookmark: _Hlk68195532]NCSG capability:
· Observation # 7: 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.
· Observation # 8: New NCSG per-UE and per-FR capability may result in that the UE indicates different type capabilities (per FR or per UE) for legacy gaps and for NCSG making transformation between legacy gaps and NCSG difficult.
· Proposal # 5: No additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability.
Mapping between legacy gaps and NCSG patterns:
· Observation # 9: The transformation between the NCSG pattern and the corresponding legacy measurement gap pattern can be performed by the network via RRC reconfiguration.
· Observation # 10: Bu transformation between legacy measurement gap pattern and NCSG pattern requires the network to know the relation between legacy measurement gap pattern and NCSG pattern.
· Observation # 11: Wgreed NCSG patterns corresponding to the legacy patterns #0 to #23.
· Proposal # 6: Define mapping between legacy measurement gap patterns and corresponding NCSG patterns for the gNB to determine the transform gap pattern.
· Proposal # 7: Mapping between legacy measurement gap patterns and corresponding NCSG is defined by relating their identifiers.
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