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Introduction
Rel-17 WI for MG enhancement [1] was approved in RAN#89, and one objective of the WI is to enable support of NCSG. Initial discussions on NCSG took place in RAN4#98-e, and the outcomes are captured in the WF [2]. Based on [2] the following issues are to be further discussed:
· NCSG use cases
· NCSG pattern 
· NCSG configuration 
· Interruption requirements
· Measurement requirements with NCSG
· Signaling support of NCSG
In this paper we will provide our views on the above open issues for pre-configured MG.
Discussion
Use cases
	· 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


In LTE, NCSG is used to
· To eliminate the interruption due to RRM measurement on deactivated SCC, and/or
· To perform inter-frequency/RAT measurement when UE is capable of such measurement with NCSG
In NR, the same use cases should be also supported in principle. Of course, some adaptations may be needed considering the difference between LTE measurement and NR measurement. This will be further discussed in later subsections. In RAN4#98-e, some companies proposed that NCSG can also be used to eliminate the interruption due to RRM and CSI measurement during SCell dormancy. In our view, this is also possible if the SSB and CSI-RS to be measured are covered by NCSG. 
Proposal 1: RAN4 to support the following use cases of NCSG:
· To eliminate the interruption due to RRM measurement on deactivated SCC and interruption due to RRM/CSI measurement on SCC in dormancy, and
· To perform inter-frequency/RAT measurement when UE is capable of such measurement with NCSG
In LTE, NCSG can be configured per CC or per UE as defined in clause 8.1.2.1.2 of 36.133. This is possible because in LTE per CC MG is supported, i.e. NW can configure different MG types (normal MG, NCSG or no-gap) per serving cell based on UE capability reporting (perCC-ListGapIndication). 
In NR per CC MG has not been supported. It was discussed in RAN#88 as a potential candidate for MG enhancements [2], but there was no consensus to include it as an objective of the WI. Although it could be a useful feature, the efforts to introduce it is non-trivial. Considering there are already 3 objectives in the WI and in the later phase RAN4 would also discuss their joint working in a later phase, we do not think it can be accommodated in the WI (particularly it should not be handled as part of NCSG).
Proposal 2: Per CC MG is not supported. 
NCSG pattern 
	· 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
· 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


NCSG is characterized by VIL1-ML-VIL2 which is repeated with VIRP. In LTE, 4 NCSG patterns are defined in Table 8.1.2.1.2-1 of 36.133. NCSG pattern #0 and #1 are corresponding to MG pattern #0 and #1 for sync DC (and non-DC case), and NCSG pattern #2 and #3 to MG pattern #0 and #1 for async DC.
For NR, 26 MG patterns are defined for RRM measurement, and it is desirable to define NCSG pattern for MG pattern #0~23. In our view, there is no need to support NCSG for MG pattern #24 and #25, as positioning measurement is assumed to be always in MGs, and there is no signalling for UE to indicate support for NCSG for positioning measurement.
Proposal 3: RAN4 to define NCSG patterns corresponding to MG pattern #0~23.
	· 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


In our view there is no need to explicitly define 24 NCSG patterns, instead an NCSG pattern can be derived from each of the MG patterns. 
· VIRP: it has been agreed in [1] that if legacy gap pattern can be reused for NCSG, VIRP = MGRP of legacy MG
· ML: it has been agreed in [1] that if legacy gap pattern can be reused for NCSG, we can assume that MGL= VIL1+ML+VIL2
The remaining issue is the length of VIL. In RAN4#98-e, two options to define VIL were discussed:
· Option 1: VIL is defined as the equivalent time of the interrupted slots
· Option 2: VIL is defined equaling to absolute RF retuning time defined in Rel-15
Our preference is to define VIL as an absolute value for RF re-tuning, and in addition, RAN4 should also define the number of interrupted slots due to VIL. This is aligned how MG pattern is defined in the spec, e.g. MGL is defined as absolute value like 6ms, and the number of interrupted slots can be 6ms or 7ms depending on the SCS of the victim serving cell, sync/async scenario and MGTA, as in Table 9.1.2-4,  Table 9.1.2-4a and Table 9.1.2-4b in 38.133.
With this approach we only need to define a single NCSG pattern for sync/async case, UL/DL, and with/without MGTA. The number of interrupted slots, on the other hand, could be separately defined for sync v.s. async and with MGTA v.s. without MGTA.
On whether to define separate interruption numbers for UL v.s. DL, we think more discussions may be needed. In LTE, 
· VIL1 is same for UL and DL. We understand the reason is that VIL1 is at the beginning of the NCSG, so the UL transmission in the first subframe in ML will likely not fall in the RF re-tuning time even with TA.
· VIL2 is 1 subframe larger for UL than DL. We understand the reason is that VIL2 is at the end of the NCSG, so the UL transmission in the next subframe after the NCSG will always fall in the RF re-tuning time due to TA. 
For NR, it is agreed in [1] that the Requirements related to MGTA and impact to UL transmission follow Rel-15, which means the UL transmission after NCSG would be subject to the same requirement as UL transmission after MG. in this sense, there is no need to define a larger number of interrupted slots for VIL2 in UL. It is then a question whether the same requirement for UL transmission should apply for VIL1, or a larger number of interrupted slots should be defined for VIL1.
Proposal 4a: RAN4 to define VIL as an absolute value for RF re-tuning, which is common for all cases including sync/async, UL/DL and with/without MGTA.
Proposal 4b: RAN4 to define the number of interrupted slots due to VIL dependent on sync/async and with/without MGTA.
Proposal 4c: RAN4 to further discuss if the number of interrupted slots due to VIL for UL.
	· 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
· 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.


In our view, it is meaningful to support both per UE and per FR NCSG, and the related UE capability can be farther discussed. For example, if UE indicates support of per FR MG, does it mean UE also supports per FR NCSG? Also, if UE supports a certain MG pattern, does it mean UE also support the corresponding NCSG pattern? The capability related issues can be discussed later when the requirements are more clear.
Proposal 5: Both per UE and per FR NCSG are supported, and related UE capability can be FFS.
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 NW configuration signaling e.g gp-ncsg0/1…/n like LTE.


In our view, when discussing the NCSG configuration RAN4 should differentiate the following two indications: 
· Use of NCSG, which indicates whether NCSG or normal MG is used
· NCSG pattern, which indicates which NCSG pattern is used when NCSG is in use
In LTE, use of NCSG can be implicit, i.e. when MG is configured on some but not all CCs, NCSG can be implicitly configured on the remaining CCs. However, such implicit configuration is not possible as we do not have per CC MG in NR. Therefore, the use of NCSG should be explicitly configured by the NW. 
When NCSG is configured to be in use, the NCSG pattern can be implicitly determined by the configured MG pattern. As we discussed in section 2.2, for MG pattern 0~23, one NCSG pattern can be derived from each of them, so the current MG configuration can be re-use. 
Proposal 6a: Use of NCSG should be explicitly configured by the NW. 
Proposal 6b: The NCSG pattern can be implicitly determined by the configured MG pattern
Interruption requirements
	· 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


As discussed in section 2.1, one use case of NCSG is to control or eliminate the interruption due to measurement on deactivated SCC or SCell in dormancy. In our view, it is possible for UE to confine the interruption due to these measurements in the VIL of NCSG, but more discussions are needed on the conditions and the requirements. 
For example, on the conditions, UE can control the interruptions only provided that the SMTC/SSB/CSI-RS to be measured are falling in the NCSG. On the requirements, controlling the interruption means these measurements are only taken in NCSG, so the measurement requirements may change. In addition, UE capability may be needed since a UE supporting NCSG only means it can measure a certain target carrier with NCSG, but it does not necessarily mean it can perform these interruption-causing measurements in NCSG as well. 
Proposal 7: RAN4 to further discuss the condition, capability and impacts to measurement requirements for UE to use NCSG to control interruptions due to measurement on deactivated SCC or SCell in dormancy.
Measurement requirements with NCSG
	· 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 NR, a measurement is categorized as either measurement without MG or measurement with MG:
· Measurement without MG is performed on measurement resources outside MG (the measurement requirements need to account for the measurement resources punctured by MG), and applies CSSF outside MG
· Measurement with MG is performed on measurement resources within MG (the measurement requirements need to account for the MGRP), and applies CSSF within MG
When NCSG is configured, it can be expected that there can be two measurement types, one requires NCSG, and the other does not require MG or NCSG. There should be no measurement requiring MG, as in this case a MG should be configured instead of NCSG. 
For measurement that requires NCSG, it can only be performed within the ML of the NCSG. For measurement that does not require MG or NCSG, it is a question whether UE is assumed to measure it during ML or not. 
· If UE does not perform measurement that does not require NCSG or MG during ML (meaning UE only performs measurement that requires NCSG), it means the NCSG is same as MG for such measurements.
· If UE also performs measurement that does not require NCSG or MG during ML, it means there is no need to exclude the measurement resources within NCSG for such measurements, but the ML occasions need to be shared between the two types of measurement.
Proposal 8: Further discuss two options for measurement during ML 
· Option 1: UE only performs measurement that requires NCSG 
· Option 2: UE performs both measurement that requires NCSG and measurement that does not require NCSG or MG
Signaling support of NCSG
	· 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.


In LTE, when NCSG is introduced in Rel-14, the NeedForGap signalling is defined as follows with 3 states.
PerCC-GapIndicationList-r14 ::=	SEQUENCE (SIZE (1..maxServCell-r13)) OF PerCC-GapIndication-r14

PerCC-GapIndication-r14 ::=			SEQUENCE {
	servCellId-r14								ServCellIndex-r13,		
	gapIndication-r14							ENUMERATED {gap, ncsg, nogap-noNcsg}
}
As the use case for NCSG is rather similar in NR, it is reasonable to enable support of NCSG based on similar capability reporting. One difference is that in LTE the NCSG can be either per UE (NCSG applies to all serving CCs) or per CC (NCSG applies to some of the CCs but not all), but in NR only per UE and per FR MG are supported. 
It is noted that RAN2 has already introduced NeedForGap signalling in Rel-16, and it currently has 2 states. 
NeedForGapsIntraFreq-r16  ::=                 SEQUENCE {
    servCellId-r16                               ServCellIndex,
    gapIndicationIntra-r16                       ENUMERATED {gap, no-gap}
}

NeedForGapsNR-r16  ::=                        SEQUENCE {
    bandNR-r16                                   FreqBandIndicatorNR,
    gapIndication-r16                            ENUMERATED {gap, no-gap}
}
How to interpret the Rel-16 signaling of ‘no-gap’ can be further discussed, e.g. whether interruption is allowed when no MG is configured, but it is clear that the Rel-16 signaling needs to be extended to allow UE to indicate 3 states as in LTE.
Proposal 9: Extend the Rel-16 NeedForGap signalling for UE to indicate 
· Need for normal MG, or
· No need for normal MG but NCSG, or
· No need for either normal MG or NCSG 
to perform a measurement for a serving cell (intra-frequency) or a frequency band (inter-frequency).
Conclusions
In this paper we provided our views on NCSG.
Proposal 1: RAN4 to support the following use cases of NCSG:
· To eliminate the interruption due to RRM measurement on deactivated SCC and interruption due to RRM/CSI measurement on SCC in dormancy, and
· To perform inter-frequency/RAT measurement when UE is capable of such measurement with NCSG
Proposal 2: Per CC MG is not supported. 
Proposal 3: RAN4 to define NCSG patterns corresponding to MG pattern #0~23.
Proposal 4a: RAN4 to define VIL as an absolute value for RF re-tuning, which is common for all cases including sync/async, UL/DL and with/without MGTA.
Proposal 4b: RAN4 to define the number of interrupted slots due to VIL dependent on sync/async and with/without MGTA.
Proposal 4c: RAN4 to further discuss if the number of interrupted slots due to VIL for UL.
Proposal 5: Both per UE and per FR NCSG are supported, and related UE capability can be FFS.
Proposal 6a: Use of NCSG should be explicitly configured by the NW. 
Proposal 6b: The NCSG pattern can be implicitly determined by the configured MG pattern
Proposal 7: RAN4 to further discuss the condition, capability and impacts to measurement requirements for UE to use NCSG to control interruptions due to measurement on deactivated SCC or SCell in dormancy.
Proposal 8: Further discuss two options for measurement during ML 
· Option 1: UE only performs measurement that requires NCSG 
· Option 2: UE performs both measurement that requires NCSG and measurement that does not require NCSG or MG
Proposal 9: Extend the Rel-16 NeedForGap signalling for UE to indicate 
· Need for normal MG, or
· No need for normal MG but NCSG, or
· No need for either normal MG or NCSG 
to perform a measurement for a serving cell (intra-frequency) or a frequency band (inter-frequency).
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