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Introduction
RRM requirements for NCSG were discussed in RAN4#98-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· User scenario 
· NCSG pattern
· RRM requirements related to NCSG
· Signaling 
In this paper we will provide our views on the above open issues for NCSG.
Discussion
User scenario 
	· The use cases of NR NCSG can be
· Eliminate/reduce interruption rate and interruption length/duration due to measurements on deactivated Scell, Scell with dormant BWP or unused RF chain
· FFS on 
· intra-frequency measurements with MG, 
· inter-frequency measurements with MG, 
· inter-RAT measurements,


In LTE, one use case of NCSG is to enable inter-frequency and inter-RAT measurement that do not require MG but NCSG. This is defined in clause 8.1.2.1 of 36.133 as copied below.
	Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps or interRATNeedForGaps of conducting such measurements without gaps and without interruption. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 and table 8.1.2.1.-2 that are relevant to its measurement capabilities. UEs supporting network controlled small gap and which have signaled that they are capable of measurements without gap but requiring NCSG, can be configured with a network controlled small gap pattern in table 8.1.2.1.3-1 on all component carrier(s) to perform inter-frequency and inter-RAT measurement.


The same use case should be supported in NR as well, otherwise such measurements can only be performed with legacy MG, which means UE with better RF capability cannot benefit from the throughput gain by reducing the legacy MG to NCSG.
Of course, supporting intra-frequency, inter-frequency and inter-RAT measurements with NCSG depends on UE capability, i.e. NW configures NCSG instead of legacy MG only when UE indicates it can perform the configured measurements with NCSG. The corresponding UE capability in 36.331 is copied for reference.
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 UE capability signalling or NCSG is still under discussion, maybe not all of the intra-frequency, inter-frequency and inter-RAT measurements with NCSG will be supported, so we suggest that
Proposal 1: Support NCSG for intra-frequency, inter-frequency and/or inter-RAT measurements which do not require MG but NCSG based on UE capability.
NCSG pattern
General principle
	· The general NCSG design principle :
· Option 1. Define NCSG patterns for All 26 MG patterns in Rel16
· Option 2 Define NCSG patterns for subset of the legacy MG patterns in [TS38.133 v16.5.0] 
· FFS on which subset of legacy MG patterns


For NR, 26 MGPs are defined, and it is desirable to define NCSG pattern for MGP #0~23. In our view, there is no need to support NCSG for MGP #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.
In RAN4#98-bis-e, some companies proposed to define NCSG patterns only for a subset of legacy MGPs, and the main consideration is that for some legacy MGPs, the ML could be very small excluding VIL1 and VIL2, or the interruption of VIL1+VIL2 can be similar as MGL, so the gain of NCSG over legacy MG is marginal. In our view, this is valid point, so after deciding the VIL and ML for NCSG patterns, RAN4 could further review for which legacy MGPs NCSG patterns should be defined.
Proposal 2: Do not define NCSG patterns for legacy MGP #24 and #25. For other legacy MGPs, further evaluate if NCSG patterns should be defined after RAN4 decides on VIL and ML.
VIL and ML
	· The NCSG gap patterns are defined based on the absolute RF retuning time or not? 
· Option 1: NO, based on a generic interrupted duration [FFS] 
· Option1-1: ML=MGL-VIL1-VIL2
· Option1-2: ML=legacy MG window length
· Option 2: Yes, based on the RF retuning time (RRT). ML=MGL-RRT1-RRT2
· FFS on the length of RRT


In our view, same as MGL in legacy MGP, the parameters VIL (or possible new name) and ML of NCSG should be defined in absolute time of ms, and the exact number of interrupted slots can be further derived from the absolute time of VIL for each serving cell. 
Proposal 3: Define VIL (or possible new name) and ML of NCSG in absolute time of ms.
Regarding the absolute time for VIL, we agree with the analysis in [2] that UE does not need to only turn ON/OFF the unused RF chain but also to prepare the baseband for simultaneous data Tx/Rx on the serving cells and measurement on the target carrier, so the RF retuning time assumed in legacy MGPs is not sufficient for VIL in NCSG. On the exact value, we suggest 1ms for FR1 NCSG and 0.75ms for FR2 NCSG.
Proposal 4: VIL for NCSG patterns is defined as 1ms for FR1 NCSG and 0.75ms for FR2 NCSG. 
On ML, in RAN4#98-bis-e, two options are listed in [1]
· Option 1: ML = MGL-VIL1-VIL2
· Option 2: ML = legacy MG window length (MGL)
We think both options are valid. In particular, if option 1 is adopted, it may not be meaningful to define NCSG pattern for some of the legacy MGPs, e.g. those with 1.5ms MGL for FR2 or 3ms MGL for FR1. If option 2 is adopted, it is then meaningful to define NCSG patter for more legacy MGP. Of course, the overall VIL1+ML+VIL2 could be longer than current MGL, but it should not be an issue as the total interruption time is still limited to VIL1+VIL2. Another benefit of option 2 compared to option 1 is that the effective measurement time is same for NCSG and legacy MGP, which will simplify the use of NCSG from NW side.
Based on above analysis, we slightly prefer option 2.
Proposal 5: Define ML for NCSG pattern as MGL of legacy MGP.
Number of interruption slots
Once VIL is decided, the number of interrupted slots can be calculated. This is same as many existing interruption requirements based on absolute interruption length. As an example, Figure 1 shows the interrupted slots for VIL=1ms, when the victim cell SCS is 15kHz and 30kHz, for both sync and async.
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Figure 1: Interrupted slots due to VIL
Besides the SCS and sync/async, other consideration factors include 
· With/without MGTA: when MGTA is applies, the number of interrupted slots for 15kHz SCS sync case would be increased by 1
· RTD between serving cells: for some existing interruption requirements (e.g. due to SCell activation and deactivation), the RTD between serving cells are also considered. This is because the MRTD can be as larger as 33us, which is same as 1/2/4 symbol for 30/60/120 kHz SCS, and there may be some performance loss due to this interruption.
· UL/DL: Figure 1 shows the interrupted slots from DL perspective, and for UL one more slot could be interrupted for both VIL1 and VIL2 due to TA.
Proposal 6: Number of interrupted slots should be defined based on VIL in ms, considering the victim cell SCS, sync/async, with/without MGTA, RTD between serving cells and DL/DL. 
RRM requirements related to NCSG
Interruption 
As discussed in section 2.1, one use case of NCSG is to reduce 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.
CSSF
	· FFS on CSSF when NCSG is configured
· FFS on RF combination limitation
· Option 1. UE is not expected to measure 2 inter-freq/RAT layers in parallel even if UE reports the support of NCSG to both corresponding bands
· Others


In NR, a measurement is categorized as either measurement without MG or measurement with MG:
· Measurement without MG 
· based on SMTC or CSI-RS resource periodicity 
· need to account for the measurement resources punctured by MG (scaling factor Kp)
· need to account for time sharing between L1 and L3 measurement for FR2 (scaling factor Klayer1)
· up to 2 carriers can be measured at a time (CSSF outside MG)
· Measurement with MG 
· based on max between SMTC or CSI-RS resource periodicity and MGRP
· only 1 carrier can be measured at a time (CSSF within MG)
When NCSG is configured, our view is that it should be considered as MG for defining measurement requirements, i.e. only those measurements that require NCSG are measured with NCSG, and the requirements are defined in the same way as measurement with MG. For other measurements that do not require NCSG, they are not measured in NCSG, and SMTC or CSI-RS resource overlapped with NCSG should be punctured as if they are overlapped with MG. 
Proposal 8: NCSG is considered as MG for defining measurement requirements.
Measurement mode
	· FFS on the existing measurement mode requirements (effective MGRP, data scheduling depends on gap configuration) can be the baseline


For legacy MG, measurement mode mainly defined the following aspects:
· When UE is configured with per-UE MG, the requirements for measurements with MG are defined based on per-UE MG, e.g. when calculating CSSF, carriers from both FRs are counted together.
· When UE is configured with per-FR MG, for measurements in an FR without serving cell, the requirements are based on effective MGRP
· The scheduling opportunity in one FR depends on the configuration of MG, no matter if measurement is configured in that FR or not
In our view, all the legacy measurement mode requirements can be reused when NCSG is configured instead of legacy MG. Therefore, we suggest that
Proposal 9: Existing measurement mode requirements can be the baseline when NCSG is configured.
NCSG and legacy MG
	· FFS on whether NCSG can be configured simultaneously with legacy gap pattern
· Option 1. Yes.
· FFS on how to apply the measurement requirements (e.g. CSSF) under this assumption
· Option 2. In the first phase of the WI , No
· FFS on how to apply the measurement requirements (e.g. CSSF) under this assumption


In our view, simultaneous configuration of NCSG and legacy MG means UE is configured with concurrent MGs, so it requires joint working of NCSG and concurrent MG and thus should be discussed in a later phase.
Proposal 10: Discuss simultaneous configuration of NCSG and legacy MG based on concurrent MG framework in a later phase.  
Scheduling and measurement restriction 
	· FFS on Rx beam limitation
· Option 1. : NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
· Option 2: NCSG in FR2 should be deprioritized in current stage.
· Others
· FFS on scheduling and measurement restriction
· Option 1: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply
· Others


In our view, the issue of Rx beam limitation as raised in [3] is valid. If UE can support IBM on the serving carriers and the target inter-frequency carrier, then there is no need for scheduling or measurement restriction on the serving carriers. We think this is a valid enhancement, otherwise NCSG in FR2 does not make much sense because there will be always scheduling restriction during ML.
On the other hand, to achieve this enhancement, additional UE capability indication may be needed. It is noted that currently beamManagementType-r16 is reported in CA-ParametersNR-v1630, which means support of IBM/CBM is only reported for serving cells on the band combinations. Informing NW that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2 would require RAN2 to define new UE capabilities, and we think RAN2 may need to check the feasibility. 
In principle, we suggest to further study the scheduling restriction for NCSG, and check with RAN2 on the feasibility of informing NW that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
Proposal 11: Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.
Signaling 
In general, we think it may be too early for RAN4 to discuss the signalling details, which is not even RAN4 scope. RAN4 should focus on the technical requirements of NCSG, and inform RAN2 when enough agreements are reached for RAN2 to develop the signalling supports. 
In our view, the main signalling supports for NCSG include
· NCSG configuration
Similar as legacy MG configuration, the configuration of NCSG pattern and offset, as well as per-UE or per-FR need to be indicated to UE. For this aspect, the legacy MG configuration can be mostly reused, but this can be FFS until NCSG patterns are decided in RAN4.
· UE capability related to NCSG patterns and per-UE/per-FR NCSG
Similar as legacy MG related capability, the support of per-UE or per-FR NCSG and supported NCSG patterns need to be indicated to the NW. This can be discussed in a later phase as other UE capabilities.
· UE capability related to need for NCSG for a target carrier
Similar as NeedForGap signaling for legacy MG, UE needs to indicate NW whether it can support measurement of a target carrier with legacy MG, with NCSG or without MG/NCSG. Rel-16 NeedForGap signaling is reported based on configured band combination, and we think the same should apply for need for NCSG, so reusing or extending NeedForGap signaling is a possible option. It is noted that RAN4 is discussing the requirements for UE indicating ‘no-gap’ with Rel-16 NeedForGap signaling, so it is better to determine whether NeedForGap signaling can be reused/extended or not based on the outcome of the Rel-16 discussions.
Proposal 12: 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
Conclusions
In this paper we provided our views on RRM requirements for NCSG.
Proposal 1: Support NCSG for intra-frequency, inter-frequency and/or inter-RAT measurements which do not require MG but NCSG based on UE capability.
Proposal 2: Do not define NCSG patterns for legacy MGP #24 and #25. For other legacy MGPs, further evaluate if NCSG patterns should be defined after RAN4 decides on VIL and ML.
Proposal 3: Define VIL (or possible new name) and ML of NCSG in absolute time of ms.
Proposal 4: VIL for NCSG patterns is defined as 1ms for FR1 NCSG and 0.75ms for FR2 NCSG. 
Proposal 5: Define ML for NCSG pattern as MGL of legacy MGP.
Proposal 6: Number of interrupted slots should be defined based on VIL in ms, considering the victim cell SCS, sync/async, with/without MGTA, RTD between serving cells and DL/DL. 
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: NCSG is considered as MG for defining measurement requirements.
Proposal 9: Existing measurement mode requirements can be the baseline when NCSG is configured.
Proposal 10: Discuss simultaneous configuration of NCSG and legacy MG based on concurrent MG framework in a later phase.  
Proposal 11: Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.
Proposal 12: 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
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