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1. Introduction
In RAN4#98e RAN4 had initial discussion on network controlled small gap, with agreement and open issues captured in the approved WF [1]. In this contribution, we provide further discussion on the open issues.
2. Discussion
The first issue is about the scenario and use case:
· The use cases of NR NCSG can be similar as these of LTE
· The specific use cases can be FFS
· Whether the usage of per-CC gap can be FFS
· NCSG supports both synchronous/asynchronous operation
· FFS on whether to define separate NCSG patterns for sync and async needs more discussion
Note that scenario and use case wouldn’t be necessarily captured in our specification. However, having common understanding on it and keeping it in mind can help people concentrating the discussion. A straightforward use case is to allow UE to use spare RF chain to perform some inter-frequency measurement. The scope can also be extended to cover the scenario that UE is configured to perform measurement on adjacent channels, wherein UE may be able to use the same RF chain to measure serving and neighbor cells. UE needs to retune the RF chain, enlarge the bandwidth to cover both channels. Note that from RAN4 requirement perspective, probably same requirements can apply to both use cases.
As for per-CC gap, we prefer not to introduce this concept in this WI. On one hand, currently it is not in the WI scope. on the other hand, we are seeking the possibility to use NeedForGap signaling design as baseline, which was introduced in R16, and add necessary IEs if any. Note that per-CC gap is not supported in NeedForGap signaling design. In current specification there is no interruption requirement defined for NeedForGap. It is unclear that whether UE would cause interruption during measurement of target cell if UE indicates support of NeedForGap for that BC due to RF retuning. NCSG requirements can make NCSG more complete.
As for sync and async operation, we don’t think it is necessary to limit the use case to sync scenario only. Regarding pattern design, we can either explicitly define NCSG patterns in a new table or simply reuse the existing gap pattern table but define new interruption requirements (similar with Table 9.1.2-4, 9.1.2-4a and 9.1.2-4b). If we are going to define new patterns for NCSG (consist of VIL, ML and VIRP), we may need to define different patterns for sync and async scenarios since VIL would be different. But if we are going to rely on existing gap pattern table and introduce new interruption table, then there is no need to introduce different patterns for sync and async cases. Different interruption requirements for sync and async can be reflected in the interruption table.
[bookmark: _Ref68084648]Proposal 1: RAN4 can consider two use cases for NCSG: 1) UE can use spare RF chain(s) for inter-frequency measurement. 2) UE can enlarge channel bandwidth to perform measurement on contiguous carriers.
[bookmark: _Ref68084652]Proposal 2: per-CC is not considered at this stage.
Regarding NCSG design:
· The general NCSG design principle :
· FFS on which legacy patterns in Rel16 can be reused for NCSG
· Option 1. All 26 NCSG patterns in Rel16
· Option 2 Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.
· Option 2a : reuse part of the legacy MG patterns with long MGL, e.g., gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2.
· Option 2b : NR gap patterns #0~23 .
· Option 2c :  RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements
· VIL: FFS on whether VIL shall be defined as the equivalent time of the interrupted slots or, equals to absolute RF retuning time defined in Rel-15
· FFS: depending on numerology
· FFS on Per-UE/Per-FR NCSG applicability
· Option 1 : NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap.
· Option 2: Support both per FR and per UE NCSG patterns
The first issue is which legacy patterns in Rel16 can be reused for NCSG. In principle, if the support of NCSG and the support of legacy MG patterns can be independently indicated, then it should be fine to define NCSG patterns according to all the existing MG patterns. 
For VIL, the actual length depends on RF switching time. When translating the absolute RF switching time into number of slots, we can have different number for different numerologies. It is better to define VIL explicitly as the number of interrupted slots, similar as existing Table 9.1.2-4 in TS38.133.
Regarding per-UE and per-FR NCSG applicability, we don’t see how the two options on the table conflict with each other. Per-FR NCSG can benefit the system throughput. Depending on UE capabilities, per-FR NCSG and per UE NCSG can be supported.
[bookmark: _Ref68084657]Proposal 3: if the support of NCSG and the support of legacy MG patterns can be independently indicated, then all the existing MG patterns can be extended to be NCSG.
[bookmark: _Ref68084665]Proposal 4: VIL should be explicitly defined as the number of interrupted slots, similar as existing Table 9.1.2-4 in TS38.133.
[bookmark: _Ref68084670]Proposal 5: both per-FR and per-UE NCSG can be supported. For UE supporting per-FR gap, VIL is allowed only on the serving cell in the same FR wherein there is NCSG operation. Otherwise, VIL is allowed on all serving cells
On NCSG configuration:
· FFS on Implicit or explicit configuration of NCSG
· Option 1. UE may assume the implicit and explicit configurations of NCSG are not concurrently activated.
· Implicit activation of NCSG means UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
· Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
· Option 2. NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.
· FFS on Number of NSCG patterns configured
· Option 1. RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements
The first FFS depends on how the NCSG pattern will be introduced. If existing MG pattern table 9.1.2-1 is to be reused, then implicit configuration of NCSG can work, i.e. network would still configure MG pattern as legacy and UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
However, if NCSG patterns are to be defined in a new table, then explicit indicator of NCSG would be needed. The principle is that both UE and network shall have same understanding of VIL, ML and VIRP.
Regarding the second FFS, similar with proposal 3 above, if the support of NCSG and the support of legacy MG patterns can be independently indicated, then all the existing MG patterns can be extended to be NCSG.
[bookmark: _Ref68084678]Proposal 6: If existing MG pattern table 9.1.2-1 is to be reused, then implicit configuration of NCSG can work, i.e. network would still configure MG pattern as legacy and UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
[bookmark: _Ref68084683]Proposal 7: if NCSG patterns are to be defined in a new table, then explicit indicator of NCSG would be needed. The principle is that both UE and network shall have same understanding of VIL, ML and VIRP.
Regarding 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 1a. for UE supporting per-FR gap, VIL is allowed only on the serving cell in the same FR wherein there is NCSG operation. Otherwise, VIL is allowed on all serving cells.
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· 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.
For interruption requirements, actually the options on the table doesn’t conflict with each other. In general option 1 is OK. Option 1a is from us in the last RAN4#98e. It has been captured in proposal 5. Option 2 is also agreeable to us.
As for capability support, we think the existing per-FR gap capability can be reused. For instance, if UE support legacy per-FR gap and NCSG for certain BC, then interruption due to NCSG operation should only be allowed on the serving cells in the same FR.
[bookmark: _Ref68084689]Proposal 8: existing per-UE and per-FR capability can apply to NCSG.
On Measurement applicability
· FFS: whether NCSG can be configured simultaneously with legacy gap pattern
· FFS on RF combination limitation
· FFS on Rx beam limitation
· FFS on searcher limitation
In our view NCSG can be configured simultaneously with legacy gap pattern, which is related to multiple concurrent and independent MG patterns. However, we also agree that in the first stage we can focus on single NCSG pattern and leave concurrent MG patterns for further study.
As for RF combination limitation, as long as the support of NCSG can be indicated per band and per band combination, we don’t see the necessity to further discuss the limitation of RF combination. However, one thing we would like to mention is that intra-band scenario should also be allowed, wherein UE can adjust the channel bandwidth to measure neighbor carriers.
Rx beam limitation, the concern is valid in FR2. Even though UE can have some spare RF chain but it may not be able to measure neighbor cell while keeping data transmission with serving cell since different beams are expected for serving cell and neighbor cell. For UE with IBM, it is possible that UE uses spare to measure target cell in another band while keeping connection with serving cell. However, the CSSF design covers both intra-band inter-frequency and inter-band inter-frequency. It would be quite complicated to differentiate RRM requirements for inter-band inter-frequency and intra-band inter-frequency. Thus we propose not to consider NCSG in FR2 at current stage. 
Searcher limitation is also a valid point, which comes from baseband resource limitation. A simple way is to treat NCSG as a normal MG pattern. Even though UE can still do data with serving cell, we can still treat the measurement in NCSG as measurement within gap when defining RRM requirements. Therefore, the CSSF design in RRM can still be reused.
[bookmark: _Ref68084694]Proposal 9: NCSG in FR2 should be deprioritized in current stage.
Proposal 10: measurement in NCSG can be treated as measurement within gap when defining RRM requirements, such that the existing CSSF design can be reused.
The last issue we would like to discuss is about the relation between NCSG and ‘NeedForGap’
· FFS on How to consider the relation between NCSG and ‘NeedForGap’?
· Option 1: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equaling NCSG.
· Option 2: The “NeedForGap” signaling structure can be reused for NR NCSG as a start point
· Other options not precluded.
As mentioned above, we are trying to reuse ‘NeedForGap’ signaling design as much as possible. One thing needs to be highlighted is that if all the MOs can be done using NCSG, we still expect network can indicate the NCSG pattern since it is better for network and UE to align the understanding of ML.
Proposal 11: The “NeedForGap” signaling structure can be reused for NR NCSG as a start point. If all MOs can be done by using NCSG, it is still expected that network can indicate the NCSG pattern such that network and UE can have same understanding of ML, VIL and VIRP.

3. Conclusion
In this contribution, we provide further discussion on network controlled small gap. After discussion the following proposals are made:
Proposal 1: RAN4 can consider two use cases for NCSG: 1) UE can use spare RF chain(s) for inter-frequency measurement. 2) UE can enlarge channel bandwidth to perform measurement on contiguous carriers.
Proposal 2: per-CC is not considered at this stage.
Proposal 3: if the support of NCSG and the support of legacy MG patterns can be independently indicated, then all the existing MG patterns can be extended to be NCSG.
Proposal 4: VIL should be explicitly defined as the number of interrupted slots, similar as existing Table 9.1.2-4 in TS38.133.
Proposal 5: both per-FR and per-UE NCSG can be supported. For UE supporting per-FR gap, VIL is allowed only on the serving cell in the same FR wherein there is NCSG operation. Otherwise, VIL is allowed on all serving cells.
Proposal 6: If existing MG pattern table 9.1.2-1 is to be reused, then implicit configuration of NCSG can work, i.e. network would still configure MG pattern as legacy and UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
Proposal 7: if NCSG patterns are to be defined in a new table, then explicit indicator of NCSG would be needed. The principle is that both UE and network shall have same understanding of VIL, ML and VIRP.
Proposal 8: existing per-UE and per-FR capability can apply to NCSG.
Proposal 9: NCSG in FR2 should be deprioritized in current stage.
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