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1. [bookmark: _Ref165266342]Introduction
Network controlled small gap (NCSG) is envisioned to offer interruptions under the control by the network for UE to retune/reprogram or invoke the RF and baseband resources and fulfill the measurements. The interruption occasions are configurable as determined by the network.
In this paper, we share further views on the key issues in defining the NCSG and requirements.
2. Discussions
2.1 Scenarios and use cases
In RAN4-99e, following agreements were made regarding the use cases of NCSG.
	Agreements:
· 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. 


It is anticipated and well understood that NCSG could be employed for performing gap-less intra-/inter-/inter-RAT measurements instead of within gaps. However, RAN4 has not concluded if measurement on deactivated SCell can be considered within the framework of NCSG. Since technically as long as UE has an idle RF chain for measuring, NCSG can allow network to enable the controlled interruptions. Thus we see there is no strong concern on the use case. On the other hand, as pointed out by some companies, the measurement period measCycleSCell could be longer than typical legacy MGRP, it is necessary to introduce longer periodicities for NCSG, which will render the feature more appealing to be deployed. This implies while it is fine to assume NCSG pattern follows a subset of the legacy MG patterns in terms of the choice of NCSG::ML, the MGRP cannot be simply reused. Rather, longer periodicities for measurement on deactivated SCCs shall be included as well.
Proposal1: It is beneficial to support measurement on deactivated SCCs via NCSG.
Proposal2: The NCSG patterns design to consider the longer periodicity besides the legacy MGRP, i.e. include 160/256/320/512/640/1024/1280ms.
2.2 NCSG pattern
Besides the choice of NCSG periodicity and ML, the design of the NCSG pattern shall also address the VIL with following relevant FFS’ per [1].
	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 duration 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)”. 


The FFS “whether to define separate NCSG patterns for sync and async scenarios” is also related to the potential use cases of NCSG. As the choice of VIL is to align with the the interruption lengths in 38.133 Table 8.2.1.2.5.2-1, it is natural to consider option1 i.e.
Proposal3: Support different NCSG patterns for synchronous and asynchronous operations in FR1 and same NCSG patterns for synchronous and asynchronous operations in FR2.
In the same principle, the interruption length of 1ms FR1(for synchronous scenario) and [0.75ms] for FR2 can be reused as the the VIL time which is further mapped to the number of slots given the numerology. Difference between option 1a and 1b versus option2 for “FFS on VIL” in our view is due to different criteria of either derving the VIL according to legacy MG retuning time, or a more generic time duration that could also accommodate extra use case such as measurements on deactivated SCC. Furthermore, from the UE’s perspective, the support of NCSG may involve preparing the additional RF chain and reshuffling the resources for simultaneous data and measurement processing. Thus budgeting longer interruption time is necessary.
Observation1: the support of NCSG may involve preparing the additional RF chain and reshuffling the resources for simultaneous data and measurement processing.
Proposal4: Support a choice of VIL time to be generic and based on the interruption time for measurement on deactivated SCCs.
As a result of a different time needed for VIL, it is possible that the total length of NCSG as ML+VIL1+VIL2 is larger than the MGL of the legacy gap although the ML can be aligned with the effective measurement window of the legacy MG.
Proposal5: Support 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)”.
2.3 NCSG configuration
	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


Based on the discussion of NCSG pattern, it is likely the NCSG pattern and periodicity may not align with the legacy MG pattern. And it’s a tangible use case in the 2nd stage of the WI to have concurrent legacy MG and NCSG. As such, it is preferred to have an explicit configuration for NCSG while the details can be left for RAN2 design.
Proposal6: Support the explicit configuration for NCSG.
2.4 Impacts on RRM 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.
· Option 2: No additional NCSG capability for per-UE and per-FR differentiation is needed
· Others


One of the issues in the aspect of impacts on RRM requirements is whether the interruptions caused by VIL shall be per FR or per UE. In our view, this is a similar issue to the Rel-16 discussion on the need to introduce per BC per FR MG UE capability which has been extensively discussed in a few meetings[2-5]. For the new feature in R17, RAN4 would need to avoid overloading the existing UE cap of “independentGapConfig” (per FR gap). So RAN4 may need to have a converged discussion on a generic solution for R17 for defining the UE capability by allowing per BC indication for both MG and NCSG.
Proposal7: Support introducing per BC indication of per FR NCSG in Rel-17.
Proposal7.1: The discussion may be postponed till progress is made towards per BC indication for per FR UE capability.
2.5 Signaling
	FFS on necessary signaling for NCSG 
· Option 1 (Huawei, Qualcomm): Signalling supports for NCSG include at least
· NCSG configuration
· UE capability related to NCSG patterns and per-UE/per-FR NCSG
· UE capability related to need for NCSG for a target carrier
· Option 2 (Nokia, Ericsson, ZTE): Defer these discussions after NCSG pattern design as well as NCSG applicability and UE capability support are finalized
· Other options was not excluded
FFS on how to consider the relation between NCSG and ‘NeedForGap’?
· Option 1 (Intel, Apple): The “NeedForGap” signaling structure can be reused for NR NCSG as a start point
· Option 1a (MTK, ZTE, Apple):  Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signaling structure with a new component ‘NCSG’. 
· Option 2 (Ericsson, CMCC, OPPO, Qualcomm):  Don’t reuse Rel-16 ‘NeedForGap’ ignaling for NCSG
· Option 3(Ericsson, CATT, Qualcomm, Nokia, OPPO): Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design
Note: regardless of the selected option, decision will involve RAN2 feedback


To elaborate the supported option for FFS related to the “signaling”, we think UE capability, NCSG configuration and indication of NCSG via the RRC reconfiguration completion comprise the signaling support.
For NCSG configuration, our proposal6 aims at the explicit configuration via RRC to indicate to UE the NCSG pattern including the periodicity, VIL etc.
As to the UE capability, our proposal7 aims to ensure the consistency in the understanding by both NW and UE on the applicability of VIL to be per FR or per UE on a per-BC basis.
What’s remained is how UE can further indicate to the network about the support of NCSG given the configured carriers and MOs. This mechanism, in our opinion, can follow the framework similar to the legacy NeedForGaps. However, in the previous meeting, it is noted legacy field has insufficient bitfields for extending the support for NCSG. Thus we think it’s best RAN2 develop the new signaling i.e. NeedForNCSG as long as the technical requirements by RAN4 are agreed and clarified. 
Proposal8: Support proposing to RAN2 for introducing the new signaling NeedForNCSG to fulfil similar mechanism as the R16 NeedForGaps for UE to indicate the support of NCSG.
One caveat is NeedforGaps in R16 is not applicable to NRDC or NEDC. RAN4 may discuss if the R17 NeedForNCSG shall be supported for NRDC and NEDC as well. See below excerpt from 38.331.
	–  NeedForGapsInfoNR 
The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.


Proposal9: RAN4 to clarify whether to allow NeedForNCSG to be supported with NRDC and NEDC as well.












3. Conclusion
In this paper, we provided further views on defining the requirements for NCSG. As NCSG could require different pattern than that of the legacy MG, it is preferred to have explicit configuration. RAN4 could further discuss or agree on the signaling support and choice of VIL.
Proposal1: It is beneficial to support measurement on deactivated SCCs via NCSG.
Proposal2: The NCSG patterns design to consider the longer periodicity besides the legacy MGRP, i.e. include 160/256/320/512/640/1024/1280ms.
Proposal3: Support different NCSG patterns for synchronous and asynchronous operations in FR1 and same NCSG patterns for synchronous and asynchronous operations in FR2.
Observation1: the support of NCSG may involve preparing the additional RF chain and reshuffling the resources for simultaneous data and measurement processing.
Proposal4: Support a choice of VIL time to be generic and based on the interruption time for measurement on deactivated SCCs.
Proposal5: Support 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)”.
Proposal6: Support the explicit configuration for NCSG.
Proposal7: Support introducing per BC indication of per FR NCSG in Rel-17.
Proposal7.1: The discussion can be postponed till progress is made towards per BC indication for per FR UE capability.
Proposal8: Support proposing to RAN2 for introducing the new signaling NeedForNCSG to fulfil similar mechanism as the R16 NeedForGaps for UE to indicate the support of NCSG.
Proposal9: RAN4 to clarify whether to allow NeedForNCSG to be supported with NRDC and NEDC as well.
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