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1. Introduction
In RAN4#99e network controlled small gap design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the NCSG design with focus on the open issues listed in [1].
2. Discussion
The first issue we would like to discuss is about the NCSG pattern design for synchronous and asynchronous operation:
· FFS on RAN4 needs to define separate NCSG patterns for sync and async scenarios
· Option 1 (Ericsson, Nokia, Intel, Qualcomm):  Yes
· Different NCSG patterns for synchronous and asynchronous operations in FR1
· Same NCSG patterns for synchronous and asynchronous operations in FR2.
· Option 2 (ZTE, OPPO, Huawei,MTK,vivo, CATT): No
· No need to separate NCSG patterns needed for synchronous and asynchronous operations.
· Option 3 (CMCC, MTK, vivo, Apple): same NCSG patterns for synchronous and asynchronous operations, provided that the NCSG pattern only comprise the RF retuning time and ML. Interruption is not captured in VIL(RRT) and specified separately.
In our view it is straightforward to follow existing methodology, i.e. define one set of MG patterns which can be used in both synchronous and asynchronous scenarios as in Table 9.1.2-1, and then define different interruption requirements for synchronous and asynchronous scenarios respectively in Table 9.1.2-4 and Table 9.1.2-4a.
[bookmark: _Ref78621220]Proposal 1: follow existing methodology to define same NCSG patterns for synchronous and asynchronous operations, then separately define interruption requirements respectively for synchronous and asynchronous operations.
· FFS on VIL:
· Option 1a (Qualcomm, Intel, Ericsson, vivo, ZTE, OPPO): VIL should be explicitly defined based on the number of interrupted durations in absolute time 
· Option 1b (Apple, CATT, Qualcomm, ZTE): VIL should be explicitly defined based on the number of  interrupted duration in slot 
·  Option 2( MTK, Huawei, CMCC, Nokia): based on absolute  RF retuning time (tentatively denoted as “RRT”).
Existing interruption time due to MG is defined in Table 9.1.2-4 and Table 9.1.2-4a:
Table 9.1.2-4: Total number of interrupted slots on all serving cells during MGL for Synchronous EN-DC, NR standalone operation (with single carrier, NR CA and synchronous NR-DC configuration) and NE-DC, and on all serving cells in MCG for NR standalone operation (with asynchronous NR-DC configuration) with per-UE measurement gap or per-FR measurement gap for FR1
	NR 
	Total number of interrupted slots on serving cells

	SCS
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied

	(kHz)
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	15
	20
	10
	6
	4
	3
	21Note3
	11Note3
	7Note3
	5Note3
	4Note3

	30
	40
	20
	12
	8
	6
	40
	20
	12
	8
	6

	60
	80
	40
	24
	16
	12
	80
	40
	24
	16
	12

	120
	160
	80
	48
	32
	24
	160
	80
	48
	32
	24

	NOTE 1:	For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on MCG is MGL subframes when MG timing advance of 0ms is applied, and (MGL+1) subframes when MG timing advance of 0.5ms is applied.
NOTE 2:	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.
NOTE 3:	Non-overlapped half-slots occur before and after the measurement gap. Whether a Rel-15 UE can receive and/or transmit in those half-slots is up to UE implementation.



Table 9.1.2-4a: Total number of interrupted slots on serving cells during MGL for Asynchronous EN-DC, and on all serving cells in SCG for NR standalone operation (with asynchronous NR-DC configuration) with per-UE measurement gap or per-FR measurement gap for FR1
	NR 
	Total number of interrupted slots on serving cells

	SCS
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied

	(kHz)
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	15
	21
	11
	7
	5
	4
	21
	11
	7
	5
	4

	30
	41
	21
	13
	9
	7
	41
	21
	13
	9
	7

	60
	81
	41
	25
	17
	13
	81
	41
	25
	17
	13

	120
	161
	81
	49
	33
	25
	161
	81
	49
	33
	25

	NOTE 1:	For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on MCG is MGL subframes when MG timing advance of 0ms is applied, and (MGL+1) subframes when MG timing advance of 0.5ms is applied.
NOTE 2:	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.



As can be observed, the interrupted duration is defined as the number of interrupted slots. It is quite straightforward in our view the existing methodology can be reused to address VIL.
[bookmark: _Ref78621225]Proposal 2: VIL should be explicitly defined based on the number of interrupted duration in slot.
As for ML of NCSG:
· FFS on ML of NCSG (or the total length of NCSG).
· Option 1: the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap
· Option 2: the total length of NCSG (“ML + VIL1+VIL2”) is larger than MGL of the legacy gap and the effective measurement window of NCSG (which is equal to ML) is same as “legacy MGL – 2 *RRT)”. 
In our view once the length of VIL1 and VIL2 are concluded, the impact on system throughput loss would be more or less the same for different ML. We don’t have strong view but slightly prefer option 1 to simplify standard design. 
[bookmark: _Ref78621231]Proposal 3: the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap.
The next issue:
· FFS on explicit configuration for NCSG
· Option 1 (OPPO, Intel) NCSG configuration shall be based on legacy MG configuration 
· Option 1a (MTK, HW, OPPO ) :  Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
· Option 2(CATT, ZTE): Up to RAN2
· FFS other options
Our preference is to leave it to RAN2.
The next issue is about interruption:
· FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Option 3: 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



· Option 3a :Translate 1ms(FR1) and 0.75ms(FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
· Option 4 
· VIL on active victim serving cells is the number of interrupted slots calculated based on
· Aggressor reference cell RRT, 
· Victim cell SCS, and 
· Sync or async. operation
· Option 5: 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
In our view option 1 is just a high-level principle. Option 2 is unclear, and clarification is needed, since in existing SCell activation/deactivation requirement interruption length is different between intra-band and inter-band, aggressor cell and victim cell. However, we don’t think we need to consider intra-band/inter-band, aggressor cell and victim cell in NCSG interruption. Option 3 is based on 0.75ms VIL for synchronous scenario and additional 1 slot for asynchronous scenario, which is acceptable for us. Option 4 is similar with option 3. The difference is that 1ms is assumed for sync FR1. Option 5 is for a different use case (we assume options 1~4 are for regular RRM measurement on neighbour cells)
[bookmark: _Ref78621235]Proposal 4: interruption due to NCSG for neighbour RRM measurement is defined as follows:
	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



The next issue is about the per-UE or per-FR capability:
· 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.
· Option 2: No additional NCSG capability for per-UE and per-FR differentiation is needed
· Others
In our understanding the support of per-FR legacy gap and per-FR NCSG requires same architecture implementation. It is unlikely that UE which supports only per-UE gap can support per-FR NCSG, vice versa. Therefore, there is no need to introduce additional NCSG capability for per-UE and per-FR differentiation. Existing per-UE and per-FR capability can be reused.
[bookmark: _Ref78621239]Proposal 5: No additional NCSG capability for per-UE and per-FR differentiation is needed. Existing per-UE and per-FR capability can be reused.
Next one is on Rx beam limitation
· FFS on Rx beam limitation
· Option 1. (MTK, Ericsson, Huawei):  NCSG pattern is also supported for FR2 
· Option 1a. (MTK)NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
· Option 2(CATT) NCSG in FR2 should be deprioritized in current stage.
As mentioned in our contribution in the last RAN4 meeting, technically, NCSG pattern can be used in FR2. However, the use case would be quite limited. Because when doing RRM measurement in FR2, Rx beam sweeping is always assumed. In order to support simultaneous RRM measurement and data reception from serving cell, UE needs to support simultaneous multiple beams receptions. So far some UE can support this, such as the one supporting IBM or mTRP. However, even for UE which supports IBM or mTRP, NCSG can be used only if the UE is not in the “IBM mode” or “mTRP mode”, i.e. the UE is operating with only beam with serving cell. Considering the limited use case, we propose to deprioritize the NCSG in FR2 at this moment.
[bookmark: _Ref78621244]Proposal 6: considering the limited use case, NCSG in FR2 should be deprioritized at this moment. RAN4 can revisit this later if time allows.
Next one is on scheduling and measurement restriction:
· FFS on scheduling and measurement restriction
· Option 1 (Ericsson, CATT): When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply, 
· Option 1a(Qualcomm): RAN4 to discuss if existing scheduling restrictions of 9.2.5.3.3 for measurement on FR2 intra-frequency cell shall be extended for the use case of measurement on intra- or inter-frequency cell via NCSG instead of legacy MG.
· Option 2(Huawei, OPPO, Intel): 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.

3. Conclusion
In this contribution, we further discuss the NCSG design. After discussion the following conclusions are provided: 
Proposal 1: follow existing methodology to define same NCSG patterns for synchronous and asynchronous operations, then separately define interruption requirements respectively for synchronous and asynchronous operations.
Proposal 2: VIL should be explicitly defined based on the number of interrupted duration in slot.
Proposal 3: the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap.
Proposal 4: interruption due to NCSG for neighbour RRM measurement is defined as follows:
	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



Proposal 5: No additional NCSG capability for per-UE and per-FR differentiation is needed. Existing per-UE and per-FR capability can be reused.
Proposal 6: considering the limited use case, NCSG in FR2 should be deprioritized at this moment. RAN4 can revisit this later if time allows.
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