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1. Introduction

In the last meeting, there is discussion on Network Controlled Small Gap (NCSG) and a WF was approved [1]. This contribution provides discussion on this topic.
2. Discussion 
2.1 Use cases of NR NCSG
There is discussion on the use cases of NCSG in last meeting, and multiple candidate options are under discussion, but no consensus reached. In our understanding, the benefit to introduce NCSG is to reduce the interruption to the serving carriers when performing the RRM measurement with spare RF chain. Based on this understanding, NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements, deactivated SCC measurement when UE have spare RF chains during the measurements.
Proposal 1: NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements, deactivated SCC measurement when UE have spare RF chains during the measurements.

2.2 NCSG pattern
Considering both per-UE gap patterns and per-FR gap patterns are supported in Rel-16, if NCSG is introduced, it is preferred to support both per-UE NCSG patterns and per-FR NCSG patterns. 
Proposal 2: it is proposed to support both per-UE NCSG patterns and per-FR NCSG patterns.
One open issue is which legacy patterns in Rel16 can be reused for NCSG. Gap pattern #24 and #25 are introduced in positioning WI, which is used to enable the longer PRS measurement. The motivation to introduce Gap pattern #24 and #25 seems contradict with the motivation of introducing NCSG. From this point of view, Gap pattern #24 and #25 can be precluded from NCSG. 

As for gap pattern 0~23, some companies propose to select some of them to define NCSG pattern. One consideration is that except the mandatory gap patterns, other gap patterns are optionally supported. If we only define NCSG patterns for the selected gap patterns, it is possible that for the supported gap pattern, there is no corresponding NCSG pattern and the benefit of NCSG cannot be experienced. Based on above consideration, it is proposed to use NR gap patterns #0~23 for NCSG.

Proposal 3: it is proposed to use NR gap patterns #0~23 to define NCSG pattern.

One issue is whether to capture interruption in VIL. In LTE, interruption is directly captured in VIL. While for NR, we do not prefer to define VIL as the equivalent time of the interrupted slots. This issue is also related with whether to define different NCSG pattern for synchronous and asynchronous operation. In LTE, different NCSG pattern for synchronous and asynchronous operation are defined. As a result, 4 NCSG patterns are introduced for measurement gap pattern 0 and 1. NCSG pattern #0 and #1 for synchronous DC, while NCSG pattern #2 and #3 for asynchronous DC. If same methodology are followed for NR, there may be too many NCSG patterns. For example, NCSG pattern are defined based on gap pattern #0~23, in total there will be 48 NCSG patterns considering different patterns for sync and async. On the other hand, if same NCSG pattern is designed for sync and async, and VIL is defined as the equivalent time of the interrupted slots, in order to cover the async scenario, the VIL for sync scenario will be larger than the length which is actually needed. However, the intension to introduce NCSG is to have controlled and minimized interruption. It is not preferred to sacrifice the smaller VIL to cover the async scenario. 
Proposal 4: it is proposed to define VIL and interruption separately with following consideration:
· If VIL is defined as the equivalent time of the interrupted slots, and different NCSG pattern for synchronous and asynchronous operation is adopted, there may be too many NSCG patterns.
· If VIL is defined as the equivalent time of the interrupted slots, and same NCSG pattern for synchronous and asynchronous operation is designed, the benefit of introducing NCSG in synchronous scenario will be sacrificed.

For Visible Interruption Length (VIL), based on above analysis, it is proposed to only consider RF tuning/retuning time. And the value of RF tuning/retuning time is same as that in Rel-15: 0.5ms for FR1 and 0.25ms for FR2. 
Proposal 5: it is proposed that VIL equals to absolute RF retuning time defined in Rel-15, which is 0.5ms for FR1 and 0.25ms for FR2.
What’s more, if VIL is defined as the RF tuning/retuning time, same NSCG pattern can be applied for synchronous and asynchronous operation. The interruption can be defined separately for synchronous and asynchronous.
Proposal 6: if VIL is agreed to be equal to RF tuning/retuning time, it is proposed that same NSCG pattern is applied for synchronous and asynchronous operation. And the interruption can be defined separately for synchronous and asynchronous.
2.3 Interruption
The interruption length designed in LTE can be reused for NR 15KHz SCS, which is 1ms before the measurement of NCSG and 1ms after the measurement of NCSG. Considering the RF tuning/retuning time, sync/async scenario, the interruption is suggested as following table.
Proposal 7: the interruption is proposed as following:
	SCS
	Synchronous
	Asynchronous

	
	interruption length before measurement
	interruption length after measurement
	interruption length before measurement
	interruption length after measurement

	15KHz SCS
	1 slot
	1 slot
	2 slots
	2 slots

	30KHz SCS
	2 slots
	2 slots
	3 slots
	3 slots

	60KHz SCS
	3 slots
	3 slots
	4 slots
	4 slots

	120KHz SCS
	6 slots
	6 slots
	7 slots
	7 slots


2.4 Configuration of NR NCSG
For LTE NCSG, both explicit configuration and implicit configuration are supported. When UE is not configured with measurement gap, the E-UTRAN can explicitly provide a single NCSG pattern. When UE measurement gap is configured on all serving carriers including PCC and SCC(s), NCSG should not be configured. When UE is configured with Gap Pattern ID #0/1 on some of , but not all, serving carriers including PCC and SCC(s), a single NCSG pattern with NCSG Pattern ID #0/1 can be implicitly configured on the serving carrier(s), where measurement gap is not configured. The latter one is for per-CC. 

For NR, since per-CC is not considered in this WI, this implicitly configuration of NCSG for per-CC scenario can be precluded. When UE is not configured with measurement gap, NCSG can be explicitly provided to UE. When UE is configured with measurement gap, situation may be different for different measurement gap type. If UE is configured with per-UE measurement gap, NCSG should not be configured. If UE is configured with FR1 measurement gap, FR2 NCSG pattern can be configured. If UE is configured with FR2 measurement gap, FR1 NCSG pattern can be configured.

Proposal 8: 

· When UE is not configured with measurement gap, NCSG can be explicitly provided to UE.

· When UE is configured with per-UE measurement gap, NCSG should not be configured. 

· When UE is configured with FR1 measurement gap, FR2 NCSG pattern can be configured. 

· When UE is configured with FR2 measurement gap, FR1 NCSG pattern can be configured.
2.5 Relation between NCSG and ‘NeedForGap’

Firstly, it is necessary to discuss whether NCSG and ‘NeedForGap’ is same or not. In our view, they are different feature. ‘NeedForGap’ is the case that measurement is performed without gap and without interruption, but NCSG means measurement with network controlled small interruption. In last meeting, some companies mention that just in Rel-16 RAN4 do not specify the interruption for ‘NeedForGap’, it does not mean that there is no interruption for ‘NeedForGap’. We have different understanding. We checked LTE spec, for ‘NeedForGap’, no interruption is specified in LTE. Since NCSG and ‘NeedForGap’ are different feature, it is not preferred to reuse Rel-16 ‘NeedForGap’ signalling.

Observation 1: In LTE, for ‘NeedForGap’, no interruption is specified.

Observation 2: NCSG and ‘NeedForGap’ are different feature. ‘NeedForGap’ is the case that measurement is performed without gap and without interruption, but NCSG means measurement with network controlled small interruption.

Proposal 9: it is not preferred to reuse Rel-16 ‘NeedForGap’ signalling for NCSG.   
3. Conclusion
This contribution provides discussion on pre-configured MG pattern(s) per configured BWP. The observations and proposals are:
Use cases of NR NCSG
Proposal 1: NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements, deactivated SCC measurement when UE have spare RF chains during the measurements.
NCSG pattern

Proposal 2: it is proposed to support both per-UE NCSG patterns and per-FR NCSG patterns.

Proposal 3: it is proposed to use NR gap patterns #0~23 to define NCSG pattern.

Proposal 4: it is proposed to define VIL and interruption separately with following consideration:

· If VIL is defined as the equivalent time of the interrupted slots, and different NCSG pattern for synchronous and asynchronous operation is adopted, there may be too many NSCG patterns.

· If VIL is defined as the equivalent time of the interrupted slots, and same NCSG pattern for synchronous and asynchronous operation is designed, the benefit of introducing NCSG in synchronous scenario will be sacrificed.

Proposal 5: it is proposed that VIL equals to absolute RF retuning time defined in Rel-15, which is 0.5ms for FR1 and 0.25ms for FR2.
Proposal 6: if VIL is agreed to be equal to RF tuning/retuning time, it is proposed that same NSCG pattern is applied for synchronous and asynchronous operation. And the interruption can be defined separately for synchronous and asynchronous.
Interruption

Proposal 7: the interruption is proposed as following:
	SCS
	Synchronous
	Asynchronous

	
	interruption length before measurement
	interruption length after measurement
	interruption length before measurement
	interruption length after measurement

	15KHz SCS
	1 slot
	1 slot
	2 slots
	2 slots

	30KHz SCS
	2 slots
	2 slots
	3 slots
	3 slots

	60KHz SCS
	3 slots
	3 slots
	4 slots
	4 slots

	120KHz SCS
	6 slots
	6 slots
	7 slots
	7 slots


Configuration of NR NCSG

Proposal 8: 

· When UE is not configured with measurement gap, NCSG can be explicitly provided to UE.

· When UE is configured with per-UE measurement gap, NCSG should not be configured. 

· When UE is configured with FR1 measurement gap, FR2 NCSG pattern can be configured. 

· When UE is configured with FR2 measurement gap, FR1 NCSG pattern can be configured.
Relation between NCSG and ‘NeedForGap’

Observation 1: In LTE, for ‘NeedForGap’, no interruption is specified.

Observation 2: NCSG and ‘NeedForGap’ are different feature. ‘NeedForGap’ is the case that measurement is performed without gap and without interruption, but NCSG means measurement with network controlled small interruption.

Proposal 9:considering that NCSG and ‘NeedForGap’ are different， it is not preferred to reuse Rel-16 ‘NeedForGap’ signalling for NCSG.   
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