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Introduction
RAN plenary #89-e meeting approved the RAN4 led work item of the Rel-17 Measurement Gap enhancements. In the revised WID [1], the following objectives are listed:
· 3.1 Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· [bookmark: _Hlk58338609]3.3 Multiple concurrent and independent MG patterns [RAN4, RAN2]
· [bookmark: _Hlk58344578]3.6 Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2]
RAN plenary #90-e meeting further refined the work scope for NCSG as follows.
· RRM requirements for NCSG [RAN4]
· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
· Measurement requirements with NCSG
· Specification of applicability of NCSG patterns [RAN4]
· Procedures and signaling for NCSG patterns [RAN2]
In this paper, we share our views on specifying the RAN4 aspects of employing NCSG for NR Rel-17. We start off by summarizing the NCSG concept introduced to LTE Rel-14. We will discuss what could be leveraged for NR and identify open issues in the core requirements. To define the core requirements, there are also prerequisites and assumptions RAN4 needs to agree upon.
Discussions
Highlights of LTE RAN4 requirements of NCSG
Network controlled small gap (NCSG) was originally specified in LTE Rel14 and requirements were captured in 36.133. 
In our understanding, the enablement of NCSG in legacy involves multiple steps in fig.1, where the network firstly enquires the UE capability regarding supported band combo for CA in steps 1 and 2. Then the measurement configuration including the measurement gap configuration will be provided to UE in steps 3 and 4. UE may indicate its preference of measurement gap configuration and whether NCSG can be activated in step4, after which, the network could choose to reconfigure the measurement configuration including the NCSG pattern to UE optionally. 
When NCSG is activated, LTE UE is expected to measure without gaps on active carriers to perform intra- and inter frequency measurements except short interruptions for reconfiguring the spare RF chain. The patterns of NCSG are tabulated in 8.1.2.1.2 of [2] which defines VIL1, ML, VIL2 and VIRP. We observe that VIL1 at the entry to the configured gap is 1ms when UE is not configured with asynchronous DC while it is 2ms to accommodate the mis-aligned subframe boundary between PCELL and PSCELL. 
Observation1: Choice of LTE NCSG patterns depends on whether UE is configured with asynchronous DC for PCELL and PSCELL.



Figure 1 Configuration of NCSG via RRC

Observation2: use cases of NCSG can be two scenarios,
1) When measurement gap is not configured at all, NCSG can be explicitly provided to UE for minimal interruptions on a serving carrier while an idle chain is employed for measurement.
2) When measurement gap is configured for some carriers but not the others, NCSG can be implicitly configured on serving carriers, where the serving carrier can be PCC or SCC.*
Observation3: NCSG is not applicable when measurement gap is configured on all the serving carriers including PCC and SCCs.
* This use case shall require the spec support to configure MG on every CC differently. Note in LTE R14, measGapConfigPerCC-List-r14 is available to indicate per CC based gap configuration, but this is not yet defined in NR.  
Observation4: In LTE, the impact on the requirements due to the introduction of NCSG is reflected in multiple sub-sections of section 7.8 “Interruptions with Carrier Aggregation” and 7.10 “Interruptions with RSTD Measurements with Carrier Aggregation” for various carrier aggregation. The scenarios are derived from the use cases in observation2 in general.
Discussion on specifying NR NCSG requirements
To introduce the NCSG to NR, the NCSG pattern would need to be reviewed considering the multiple numerologies in NR. 15Khz, for example, is the same as legacy LTE so the VIL of 1ms in LTE could be reused for NR and cam be further scaled for higher SCS in extra number of NR slots. The benefit of this choice is, for ENDC, should the NCSG be per UE based, the VIL across LTE and NR can be aligned.
Proposal1: NR NCSG VIL1 may consider [1]ms for 15Khz SCS. 
Note in LTE, longer VIL1 is necessary due to asynchronous DC, thus VIL1 in NR shall be chosen to be [2]ms for the same reason. For VIL2, due to UL TA, it shall be longer in TDD band as well. 
Proposal1.1: VIL1 can be longer as [2]ms and VIL2 can be [2]ms for NR 15Khz SCS.
For the choice of ML, it shall be noted that ML may align with the measurement gap length (MGL) defined in NR in principle. However, if MGL is shorter than VIL1+VIL2, it is less interesting to activate the NCSG.
Proposal1.2: choice of NR NCSG ML shall consider configured MGL such that VIL1+VIL2 < ML, where ML is the same as MGL by default.
With the observation2, NCSG can be enabled explicitly with a pattern of choice or implicitly to match an MG configuration. While RAN4 may further discuss if both configuration approaches can be considered for NR, it is preferred for the simplicity of UE, they are not configured to UE concurrently. 
Proposal2: UE may assume the implicit and explicit configurations of NCSG are not concurrently activated. 
Proposal2.1: 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.
Proposal2.2: Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
Unlike LTE R14, per CC based MG via measGapConfigPerCC-List-r14 is not introduced in NR, but UE/network can decide whether NCSG can be activated on any active serving carrier by looking at the RRC configured MO frequency relative to the active BWP. For example, in NRDC, even if the bandwidth of PSCELL doesnot cover the MO raster point, then it is reasonable to utilize the NCSG when a spare chain can be employed to measure during the gap. As to whether PCELL or other activated SCELLs are expected to have VILs  can depend on UE capability for NCSG preference. E.g. with per FR based NCSG, VIL  only happens to the PSCELL and other activated SCELLs of the same FR. Otherwise, with per UE based NCSG, all the active carriers including PCELL, PSCELL and SCELLs shall expect VILs. 
Proposal3: UE capabilities for supporting per UE based NCSG and/or per FR based NCSG shall be introduced instead of overloading the existing per FR/per UE MG UE capability.
Proposal3.1: In NR CA/DC, when NCSG is enabled, VIL interruptions can take place on serving carriers if their active BWPs donot cover the target raster point and a spare RF chain is available for measuring the target frequency. 
Proposal3.2: in ENDC or NEDC, when per UE based NCSG is configured, it is expected to follow the same NCSG pattern for both LTE and NR, i.e. NR NCSG pattern shall be aligned with the LTE NCSG pattern.
Further with observation4, a detailed scope of the NCSG work shall include following tasks.
Proposal4: Similar section for defining NCSG patterns can be introduced in the 38.133 section 9.1.2 Measurement capability.
Proposal4.1: Impacts of supporting NCSG include the interruptions on PCELL, PSCELL and/or other activated SCELLs shall be properly captured in 38.133 section8.2 for interruptions when running measurements for NRCA, NRDC, ENDC, NEDC and RSTD measurements.
As an example, it is observed that 8.2.4.2.3 Interruptions during measurements on SCC of 38.133, existing requirements are “The UE is only allowed to cause interruptions immediately before and immediately after an SMTC.”. When NCSG is introduced, further discussion is needed on how to further capture the requirements in the same section or different new section.
Proposal4.2: RAN4 to address how to capture the NCSG resulted interruptions in addition to the signal characteristics requirements on interruption in the existing spec.
Conclusions
In this paper, we shared the views on specifying NCSG requirements for NR. 
Proposal1: NR NCSG VIL1 may consider [1]ms for 15Khz SCS. 
Proposal1.1: VIL1 can be longer as [2]ms and VIL2 can be [2]ms for NR 15Khz SCS.
Proposal1.2: choice of NR NCSG ML shall consider configured MGL such that VIL1+VIL2 < ML, where ML is the same as MGL by default.
Proposal2: UE may assume the implicit and explicit configurations of NCSG are not concurrently activated. 
Proposal2.1: 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.
Proposal2.2: Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
Proposal3: UE capabilities for supporting per UE based NCSG and/or per FR based NCSG shall be introduced instead of overloading the existing per FR/per UE MG UE capability.
Proposal3.1: In NR CA/DC, when NCSG is enabled, VIL interruptions can take place on serving carriers if their active BWPs donot cover the target raster point and a spare RF chain is available for measuring the target frequency. 
Proposal3.2: in ENDC or NEDC, when per UE based NCSG is configured, it is expected to follow the same NCSG pattern for both LTE and NR, i.e. NR NCSG pattern shall be aligned with the LTE NCSG pattern.
Proposal4: Similar section for defining NCSG patterns can be introduced in the 38.133 section 9.1.2 Measurement capability.
Proposal4.1: Impacts of supporting NCSG include the interruptions on PCELL, PSCELL and/or other activated SCELLs shall be properly captured in 38.133 section8.2 for interruptions when running measurements for NRCA, NRDC, ENDC, NEDC and RSTD measurements.
Proposal4.2: RAN4 to address how to capture the NCSG resulted interruptions in addition to the signal characteristics requirements on interruption in the existing spec.
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