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Introduction
At RAN4 #98-bis-e, the technical discussion on Network Controlled Small Gaps as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements [1] was continued. Agreements and open issues were captured in the WF [2]. 
Following agreements were reached and following items for further study were identified.
	Agreements
Scenarios and use cases
· Elimination/reduction of interruption rate and interruption length/duration due to measurements on deactivated SCell or SCell with dormant BWP or due to unused RF chain. 
· Per-CC gap is not considered for NCSG. 
· NCSG patterns shall be defined for both synchronous and asynchronous operations.
NCSG pattern design
· Support both per-FR and per-UE NCSG patterns  
NCSG configuration
· Only NW explicit configuration for NCSG is considered  
Signalling
· RAN4 tries to reach consensus on what needs to be signalled for NCSG support. The final signaling design is still up to RAN2 decision.
Specification impacts
· Decision on the specification section(s) for specifying the NCSG patterns is deferred until reasonable level of agreements on NCSG concept and patterns are agreed by RAN4  



	Items for further study
Scenarios and use cases 
· Whether NSCG can serve for intra-/inter-frequency measurements with gap and for inter-RAT measurements
· Whether separate NCSG patterns will be defined for synchronous/asynchronous operations
NCSG pattern design
· Whether all 26 MG patterns from Rel-16 should be reused for NCSG or only subset
· Whether NCSG patterns are defined based on absolute RF retuning time (RRT) or based on generic interruption duration  
Impact on RRM requirements: 
· Whether existing interruption requirements can be reused for definition of VIL requirements 
· definition of CCSF when NCSG is configured
· per-UE/Per-FR NCSG applicability and Per-UE or Per-FR capability support
· Whether existing measurement mode requirements (effective MGRP, data scheduling based on gap configuration) can be reused.
Measurement applicability: 
· Whether NCSG can be configured simultaneously with legacy gap pattern
· Whether UE needs to support measurements on two concurrent inter-frequency/RAT layers
· Whether NCSG is deprioritized for FR2 due to CBM/IBM impact for inter-frequency measurements 
· Whether existing scheduling restriction requirements in TS 38.133 apply during ML for NCSG based measurement.
Signalling 
· whether signalling can be based on Rel-16 'NeedForGap' signalling structure


This contribution provides our view on some of the above open issues. 

Discussion
Scenarios and use cases for NCSG
RAN4 #98-bis-e continued the discussion on scenarios and use cases for NCSG. Two issues for further study were left. 
1) Whether NSCG can serve for intra-/inter-frequency measurements with gap and for inter-RAT measurements 
In our view, NCSG usage should not be limited to serve for intra-frequency measurements only. As legacy MG #0 to #23 cover a range up to 6 ms, inter-frequency and inter-RAT measurements can also be performed with NCSG, and hence should be supported in NR like in LTE. 
The following proposal is made.
	NSCG serve for intra-/inter-frequency measurements with gap and for inter-RAT measurements.
2) Whether separate NCSG patterns will be defined for synchronous/asynchronous operations
As for LTE, separate NCSG patterns are needed to due to different VIL requirements for synchronous/asynchronous network operation, which effectively yields different ML for both modes. 
The following proposal is made.
	Separate NSCG patterns are defined for synchronous and asynchronous network operation. 
NCSG pattern design - VIL requirements
RAN4 #98-bis-e continued the discussion on two main options to derive requirements for VIL, i.e. VIL1 and VIL2:
· VIL shall be defined as the equivalent time of the interrupted slots or, 
· VIL equals the absolute RF retuning time defined in Rel-15
· VIL depends on numerology
In the following, a comparison of both approaches is done.
VIL based on Rel-15 interruption requirements for SCell activation / deactivation
According to first option, hence assuming the reuse of legacy Rel-15 interruption requirements according to TS 38.133, Table 8.2.2.2.2-1 for SCell activation/deactivation for interband CA, as replicated below, this depicts minimum interruption length of 1 ms for victim cell with numerology 0 and 0.5 ms for victim cell with numerology 1 in FR1, and 0.75 ms for victim cell in FR2.  
Table 8.2.2.2.2-1: Interruption length X2 for SCell activation/deactivation for inter-band CA
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	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 



In case of asynchronous network operation, interruption requirements for EN-DC in Table 8.2.1.2.4-1 serve well to identify corresponding VIL requirements for NCSG.
Table 8.2.1.2.4-1: Interruption length X2 and Y2 at E-UTRA SCell activation/deactivation
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	NR Slot length
	Interruption length X2 (slots)
	Interruption length Y2 (slots)

	
	(ms)
	Sync
	Async
	Sync
	Async

	0
	1
	1
	2
	1
	2

	1
	0.5
	1
	2
	1
	2

	2
	0.25
	3
	2
	3

	3
	0.125
	5
	N/A
	N/A



This specifies an interruption length of 2 slots for asynchronous mode both for numerologies 0 and 1 in FR1. 
Thus, Rel-15 interruption requirements can be mapped to VIL and VIL1+VIL2 as listed in Table 1. 
Table 1: VIL requirements based on Rel-15 interruption requirements
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	NR Slot length
	VIL (ms)
sum = VIL1+VIL2 (ms)

	
	(ms) of victim cell
	Sync
	Async

	0
	1
	1
(sum=2)
	2 
(sum=4)

	1
	0.5
	0.5
(sum=1)
	1
(sum=2)


	2
	0.25
	0.75
(sum=1.5)

	3
	0.125
	0.625
(sum=1.25)



The above approach has some drawback as follows. For numerology 0 and asynchronous aggressor cell, consider MGL = 4 ms. In this case, 4 ms of the victim cell are interrupted for numerology 0. This means there is no gain using NCSG over applying a MG on the serving carrier. There against for numerology 1, only 2 ms of the victim cell are interrupted and hence there is a gain. 
In case numerology of the victim cell within the same FR is not taken into account, VIL for numerology 1 will adopt VIL for numerology 0 and VIL for numerology 3 will adopt VIL for numerology 2. VIL requirements for this case are depicted in Table 2.
Table 2: VIL requirements based on FR specific Rel-15 interruption requirements
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	NR Slot length
	VIL (ms)
sum = VIL1+VIL2 (ms)

	
	(ms) of victim cell
	Sync
	Async

	0
	1
	1
(sum=2)
	2 
(sum=4)

	1
	0.5
	1
(sum=2)
	2
(sum=4)


	2
	0.25
	0.75
(sum=1.5)

	3
	0.125
	0.75
(sum=1.5)



In the above case, there is even no gain for numerology 1 and asynchronous aggressor cell, as the interruption duration consumes the entire MGL of 4 ms. Thus, numerology for victim cell should be taken into account for specifying VIL requirements. 
VIL based on absolute RF retuning time defined in Rel-15
For the second option, basing VIL requirements on absolute RF retuning times (RRT) in FR1 and FR2, i.e. 0.5 ms and 0.25 ms, respectively, as discussed in [3], further reduction of interrupted slots can be achieved.
Thus, absolute RF retuning based requirements can be mapped to VIL and VIL1+VIL2 as listed in Table 3. 
Table 3: VIL requirements based on RRT (Rel-15).
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	NR Slot length
	VIL (ms)
sum = VIL1+VIL2 (ms)
	Gain in sum vs. interruption requirements in Table 1 and Table 2 (ms)

	
	(ms) of victim cell
	Sync
	Async
	Sync
	Async

	0
	1
	1
(sum=2)
	1 or 2 
(sum=3)
	Δsum=0 / 
Δsum=0
	Δsum=1 / 
Δsum=1

	1
	0.5
	0.5
(sum=1)
	0.5 or 1
(sum=1.5)

	Δsum=0 /
Δsum=1
	Δsum=0.5 /
Δsum=2.5

	2
	0.25
	0.25
(sum=0.5)
	Δsum=1 / 
Δsum=1

	3
	0.125
	0.25
(sum=0.5)
	Δsum=0.75 / 
Δsum=1



In comparing the three approaches, basing VIL requirements on absolute RF retuning times in FR1 and FR2 will provide further improvement in data throughput on the serving carrier as number of interrupted slots can be reduced both for asynchronous aggressor cell in FR1 and for FR 2 and furthermore, ML can be increased for a given MGL. 
For the above example of MGL=4 ms, interrupted slots are reduced by 1 for numerologies 0 and 1, saving 1 ms and 0.5 ms for data transmission / reception, respectively, in case of asynchronous aggressor cell when compared to Rel-15 interruption requirements. For numerology 1, even 2.5 ms are saved compared to Rel-15 interruption requirements without taking into account numerology as depicted in Table 2. For FR2, 0.75 to 1 ms can be saved for data transmission / reception compared to Rel-15 interruption requirements. These savings can be considered substantial.
The second aspect of increased ML is relevant also in case of inter-RAT measurements, requiring a measurement period of 5 ms. Basing VIL interruption requirements on absolute RF retuning times, will allow for more efficient use of NCSG for these measurements, i.e. for sum requirements below 1 ms, just one NCSG instance is needed. Also, inter-frequency measurement efficiency can be increased.
The following observation is made.
	Related to VIL requirements, basing them on absolute RF retuning times in FR1 and FR2 will provide improvement in data throughput on the serving carrier as number of interrupted slots can be substantially reduced in some cases compared to basing them on Rel-15 interruption requirements. Furthermore, ML can be increased, and hence inter-frequency and inter-RAT measurements can be supported by NCSG in a more efficient way.  
Thus, the following proposal is made.
	Define VIL requirements based on absolute RF retuning times in FR1 and FR2. 
NCSG pattern design - Reuse of legacy gap patterns
RAN4 #98-bis-e continued the discussion on reuse of legacy gap patterns for NCSG. In fact, TS 38.133, Table 9.1.2-1 defines 26 MG patterns with different MGL and MGRP, as depicted below.
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



According to previous agreement on NCSG pattern design, MGL = VIL1+ML+VIL2.
Therefore, longer measurement gaps for NCSG will provide better measurement efficiency, since ratio ML/MGL is increased and should be in the focus of NCSG pattern design. 
It is noted, LTE only supports NCSG based on GP #0 and GP #1 with MGL=6 ms.
However, gap patterns #24 and #25 are specified for positioning measurements (TS 38.133, clause 9.1.2) without concurrent data transmission or reception, thus can be excluded for NCSG usage. In addition, FR2 gap patterns with short MGL such as 1.5 ms will at most provide a ML of 1 ms (in case of absolute RF retuning time in FR2 of 0.25 ms) or even 0 ms (in case of legacy Rel-15 interruption requirement for FR2 of 0.75 ms), thus should be excluded. The same applies for MGL=3 ms in FR1. With legacy Rel-15 interruption requirement of 1 ms (synchronous case) in FR1, ML decreases to 1 ms only and for 2 ms interruption requirement (asynchronous case) it is not usable at all. Even in case shorter absolute RF retuning time of 0.5 ms is assumed, ML decreases to 2 ms (synchronous case) or at most 1 ms for asynchronous case. Thus, MG patterns with MGL=3 ms should also be excluded.
The following proposal is made.
	Related to reuse of legacy gap patterns for NCSG usage, gap patterns with MGL=3 ms and lower and gap patterns defined for positioning measurements are excluded, i.e.
a) Gap patterns #24 and #25 are excluded.
b) Gap patterns #20 to #23 are excluded.
c) Gap patterns #2, #3 and #10, #11 are excluded.
This leaves 10 MG patterns for NCSG usage: 2 for non-NR RAT (#0,1), 8 for FR1 (#0,#1, #4-9) and 8 for FR2 (#12-19) allowing for a measurement duration ML similar to LTE (4-5 ms) and a shorter one around 2-3 ms.
NCSG applicability and capability support
Regarding per-UE or per-FR NCSG applicability and UE capability support, our view is that both should be specified in Rel-17 aligning to Rel-16, taking into account above exclusions. 
Thus, if UE supports NCSG, it is mandated to support actual mandatory MG patterns from per-UE gap patterns #0, #1, #4-9 for NCSG usage. In case UE supports NCSG and per-FR gap patterns, it is mandated to support also actual mandatory MG patterns gap #12-19 in FR2 for NCSG usage. 
The following proposal is made.
	Related to NCSG applicability and UE capability support: if UE supports NCSG, it is mandated to support actual mandatory MG patterns from per-UE gap patterns #0, #1, #4-9 for NCSG usage. In case UE supports NCSG and per-FR gap patterns, it is mandated to support also actual mandatory MG patterns gap #12-19 in FR2 for NCSG usage.
Measurement applicability 
RAN4 #98-bis-e continued the discussion on measurement applicability, i.e. 
· Whether NCSG can be configured simultaneously with legacy gap pattern.
In our view, simultaneous configuration of NCSG pattern and legacy MG pattern should be supported. For instance, legacy MG is configured to support positioning measurements and NCSG is configured to support intra-frequency, inter-frequency and inter-RAT measurements towards 2G and 3G. 
The following proposal is made.
	NCSG can be configured simultaneously with legacy MG pattern.
Another aspect here is the relation to pre-configured and concurrent measurement gaps. In our view, it is preferable if NCSG can be pre-configured and then rapidly activated / deactivated by the network reusing the same signalling mechanism as developed for pre-configured measurement gaps. 
The following proposal is made.
	NCSG can be pre-configured and will reuse the activation/deactivation mechanism developed for pre-configured measurement gaps.
NCSG provides measurement support through use of an idle receiver and can be regarded as an additional measurement gap. Thus, it is obvious that NCSG should be configurable and usable together with concurrent measurement gaps.
The following proposal is made.
	NCSG can be configured and activated together with concurrent measurement gaps.
Signalling
In our view, the selection of the appropriate signalling structure, i.e. whether to reuse the Rel-16 ‘NeedForGap’ signalling ‘structure, can be discussed at a later point in time, when the NCSG pattern design as well as NCSG applicability and UE capability support are finalized. Anyways, the signalling is up to RAN2 to be defined. 
The following proposal is made.
	The selection of the appropriate signalling structure for informing the network on UE’s capability 	support for NCSG can be discussed at a later point in time, when the NCSG pattern design as well 	as NCSG applicability and UE capability support are finalized.
Conclusion
This contribution has discussed some of the open issues for NCSG as listed in the RAN4 #98-bis-e WF [2].
The following proposals are submitted for discussion: 
1. NSCG serve for intra-/inter-frequency measurements with gap and for inter-RAT measurements.
Separate NSCG patterns are defined for synchronous and asynchronous network operation.
Define VIL requirements based on absolute RF retuning times in FR1 and FR2. 
Related to reuse of legacy gap patterns for NCSG usage, gap patterns with MGL=3 ms and lower and gap patterns defined for positioning measurements are excluded, i.e.
a) Gap patterns #24 and #25 are excluded.
b) Gap patterns #20 to #23 are excluded.
c) Gap patterns #2, #3 and #10, #11 are excluded. 
Related to NCSG applicability and UE capability support: if UE supports NCSG, it is mandated to support actual mandatory MG patterns from per-UE gap patterns #0, #1, #4-9 for NCSG usage. In case UE supports NCSG and per-FR gap patterns, it is mandated to support also actual mandatory MG patterns gap #12-19 in FR2 for NCSG usage.
NCSG can be configured simultaneously with legacy MG pattern.
NCSG can be pre-configured and will reuse the activation/deactivation mechanism developed for pre-configured measurement gaps.
NCSG can be configured and activated together with concurrent measurement gaps.
The selection of the appropriate signalling structure for informing the network on UE’s capability support for NCSG can be discussed at a later point in time, when the NCSG pattern design as well as NCSG applicability and UE capability support are finalized.
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