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Introduction
A new WI on NR and MR-DC Measurement Gap Enhancements was approved at RAN #89e in [1] and was revised at RAN #90e in [2] with following three measurement gap enhancements:
· Network Controlled Small Gaps (NCSG)
· Pre-configured MG per active BWP
· Multiple concurrent and independent MG patterns
Based on the work plan agreed at RAN4 #97-e [3], this contribution considers the first listed enhancement of introducing NCSG patterns to NR. The E-UTRAN NSCG feature is summarized and issues related to adoption for NR operation are discussed.
E-UTRAN NCSG feature 
Network Controlled Small Gaps (NCSG) for E-UTRAN were introduced in Rel-14. One main scenario was based on the usage of an idle RF chain of UEs supporting CA with multiple band combinations for inter-frequency and inter-RAT measurements in order to increase user throughput on the used PCell serving carrier and hence to enables quasi gap-less measurements using the idle RF capacity. In particular, DL allocation is enabled for PCell during the measurement period of the idle receiver except for two subframes at measurement start and stop, for which an interruption is required. Thus, the throughput loss versus that for gap-assisted measurements on the used PCell carrier is substantially reduced, while the idle RX chain is exploited to do inter-frequency / inter-RAT measurements for candidate SCells. Figure 1 depicts the scenario of a CA capable UE with idle Rx chain searching for a synchronous PSCell or SCell using NCSG pattern#0 (VIL1=VIL2=1 ms, ML=4ms, VIRP=40 ms with ML: Measurement Length, VIL: Visible interruption length and VIRP: Visible interruption Repetition Period).
[image: ]
Figure 1 - 	Interruption of PCell DL transmission by 1 subframe at measurement start and stop for NCSG pattern #0 and idle RX chain searching for synchronous PSCell or SCell.
NCSG patterns can also be used for serving carriers with active PSCell / SCell which are not configured with a measurement gap. Otherwise, if a measurement gap is configured for a certain carrier, no NCSG pattern can be configured for this carrier. In addition to synchronous PSCell / SCell case, NCSG patterns were also specified for asynchronous PSCell / SCell case. Figure 2 is a replication of Figure 8.1.2.1.2-2 in TS 36.133 illustrating this case.


Figure 2 - Figure 8.1.2.1.2-2: Measurement GAP and NCSG for dual connectivity [TS 36.133]
The NCSG patterns are specified in TS 36.133, subclause 8.1.2.1.2 in Table 8.1.2.1.2-1 which is replicated below in Table 1.
Table 1 - Table 8.1.2.1.2-1: NCSG Configurations supported by the UE [TS 36.133]
	NCSG Pattern Id
	Visible interruption length before measurement (VIL1, ms)
	Measurement Length during which there is no gap (ML, ms)
	Visible interruption length after measurement (VIL2, ms)
	Visible interruption Repetition Period
(VIRP, ms)
	 Purpose

	0
	1
	4
	DL: 1
UL: 2
	40
	Interruption control according to requirements in sections x,y,x

	1
	1
	4
	DL: 1
UL: 2
	80
	Interruption control according to requirements in sections x,y,x

	2
	2
	3
	 2
	40
	Interruption control according to requirements in sections x,y,x

	3
	 2
	3
	 2
	80
	Interruption control according to requirements in sections x,y,x



Adoption of NCSG patterns to NR 
This section considers RAN4 specific objectives and some aspects related to introduction of NCSG patterns to NR.
WI objectives 
According to objectives in [2], RAN4 is to work on following aspects for NCSG for NR and MR-DC:
•	RRM requirements for NCSG [RAN4]
o	Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
o	Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
o	Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
o	Measurement requirements with NCSG
•	Specification of applicability of NCSG patterns
Whilst RAN2 is to specify procedures and signaling for NCSG patterns. 
Specific aspects
In this section, some aspects for introducing NCSG to NR are discussed, such as VIL requirements, ML requirements, design of NCSG patterns for (a)synchronous network operation and the definition of the UE capability.
VIL requirements 
One aspect to improve efficiency of NCSG patterns is the shortening of pre-ML VIL (VIL1) and post-ML VIL (VIL2) durations. This is dependent on
· frequency range: RF tuning times in FR2 are generally shorter than in FR1. 
· numerology: FR1 uses SCS of 15 kHz, 30 kHz and 60 kHz, FR2 uses 60 kHz and 120 kHz defining  the slot duration. 
Regarding the first dependency, feedback from RAN4 UE RF subgroup should be asked to identify Rel-17 RF requirements for all numerologies. As baseline, interruption requirements in Table 8.2.2.2.2-1 of  TS 38.133 for SCell activation/deactivation for interband CA, replicated below in Table 2 can be taken. This depicts minimum interruption length of 0.5 ms for all numerologies in FR1 and FR2.
Table 2 - Table 8.2.2.2.2-1: Interruption length X2 for SCell activation/deactivation for inter-band CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3

	3
	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 



Regarding the second dependency, the following is observed:
· SCS of 15 kHz is compatible to E-UTRAN and hence no change in VIL1 and VIL2 versus TS 36.133, Table 8.1.2.1.2-1 (see above) is foreseen. 
· For higher SCS of 30 kHz and 60 kHz in FR1, slot duration is 0.5 ms and 0.25 ms, respectively. It is expected that RF tuning times for channel bandwidths in FR1 can be reduced below 0.25 ms and hence VL1 and VL2 can be correspondingly reduced, but this will need confirmation by RAN4 UE RF subgroup.
· For SCS in FR2, slot duration is 0.25 ms and 0.125 ms. Again, whether VIL1 and VIL2 can be further reduced depends on actual RF tuning times in FR2.  
· Since there is a dependency on supported RF tuning times, RAN4 may foresee to define UE capabilities  for the specified numerologies in FR1 and FR2. For instance, the UE may support a certain number of slots for VIL1 and VIL2 per numerology in FR1 and FR2 for sync NR SA/MR-DC and async NR SA/MR-DC, respectively. 
Following proposal is made:
Feedback on RF tuning times in FR1 and FR2 should be acquired from UE RF subgroup. Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements.
ML requirements
NCSG will serve well in case of longer ML than designed for E-UTRAN. The longer ML compared against the sum of VIL1 and VIL2, the better the efficiency i.e. usage of radio resources for Tx/Rx and monitoring, as the UE can transmit or receive on its active carrier while monitoring a non-serving carrier, which is not possible during VIL1 and VIL2. This may be beneficial for specific RRM or positioning measurements. Thus, RAN4 should define ML requirements aligning to specified measurement gap lengths in TS 38.133 and even beyond.
Following proposal is made:
For ML requirements, RAN4 should align to specified measurement gap lengths in TS 38.133 and study even longer measurement durations. 
Synchronous / Asynchronous NCSG patterns
Both synchronous and asynchronous network operation need to be considered in the present WI. 
· Synchronous NCSG patterns need to be specified for synchronous NR SA, NR-DC, EN-DC and NE-DC.
· Asynchronous NCSG patterns need to be specified for asynchronous NR SA, NR-DC, EN-DC and NE-DC.
For inter-RAT DC, the benefits of introducing NCSG are different:
· For NE-DC with NR PCell serving carrier with sync DC, interruption time can be reduced for higher numerologies than 15 kHz assuming that the actual RF tuning time for E-UTRAN is lower than 0.5 ms. Alternatively, interruption time can be preserved allowing for longer measurement time ML for E-UTRAN carrier. 
· For NE-DC with NR PCell serving carrier with async DC, interruption time can be reduced for higher numerologies than 15 kHz due to shorter slot duration. 
· For EN-DC with E-UTRAN PCell serving carrier with sync DC, interruption time cannot be reduced. Thus, measurement time ML on PSCell or SCell (NR) can be extended correspondingly due to shorter VIL (i.e. lower RF tuning time).
· For EN-DC with E-UTRAN PCell serving carrier with async DC, interruption time can be reduced for higher numerologies than 15 kHz due to shorter slot duration. 
Since the gains from using NCSG patterns are higher for synchronous NR SA / MR-DC than asynchronous NR SA / MR-DC operation due to lower interruption lengths, as shown in section 2, they should be assigned a higher priority.
Following proposal is made:
RAN4 should specify NCSG patterns for synchronous NR SA / MR-DC and asynchronous NR SA / MR-DC operation and assign higher priority to synchronous NR SA / MR-DC operation. 
UE capability
From the above, it is evident, that RAN4 should define a limited number of suitable NCSG patterns and assign a UE capability for some of them, while UEs supporting the NCSG feature should at least support a certain minimum set of NCSG patterns suited both for sync and async network operation. As mentioned above, UE capability may also be introduced to define different support levels related to VIL requirements.
Following proposal is made:
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. 
Conclusion
This contribution has briefly depicted the concept of Network Controlled Small Gaps (NCSG) specified for E-UTRAN in Rel-14. Adoption to NR can be considered straightforward. However, aspects such as study of VIL requirements due to lower RF tuning time and higher numerologies used in FR1 and FR2 than for E.UTRAN, as well as the study of ML requirements, the design of NCSG patterns for (a)synchronous network operation, i.e. for NR SA and MR-DC scenarios, as well as the definition of UE capability need to be further investigated in view of both increasing DL/UL throughput on active carrier and improved measurement performance on monitored carrier. Thus, RAN4 should define a limited number of suitable NCSG patterns and assign a UE capability to some of them, while mandating a certain minimum set of NCSG patterns suited both for sync and async network operation if the UE supports this feature. 
The following proposals are submitted for discussion: 

1. Feedback on RF tuning times in FR1 and FR2 should be aquired from UE RF subgroup. Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements.
For ML requirements, RAN4 should align to specified measurement gap lengths in TS 38.133 and study even longer measurement durations. 
RAN4 should specify NCSG patterns for synchronous NR SA / MR-DC and asynchronous NR SA / MR-DC operation and assign higher priority to synchronous NR SA / MR-DC operation. 
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. 
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