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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The Rel-17 WI on measurement gap enhancement was approved at RAN#89e and updated at RAN#90e [1]. One of the three main objectives of this WI is as follows: 

Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· RRM requirements for NCSG [RAN4]
· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
· Measurement requirements with NCSG
· Specification of applicability of NCSG patterns [RAN4]
· Procedures and signaling for NCSG patterns [RAN2]
The WID contains also following additional notes:
· The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
· The work on all objectives should consider UEs in RRC CONNECTED mode only. 
· The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.
In this contribution we provide an overview of measurement requirements and related issues when the UE is configured with network controlled small gap (NCSG).
2. Use cases and scenarios for using NCSG pattern
In LTE, 4 different NCSG patterns are specified as shown in table 1 below:
Table 1: NCSG Configurations supported by the UE in LTE
	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


The purpose of NCSG is to ensure that when the UE performs measurements on PCell, activated SCell/PSCell, deactivated SCell and/or unused RF chain then the interruptions on PCell and/or activated SCell(s) shall occur only during visible interruption length before measurement (VIL1) and visible interruption length after measurement (VIL2). 
Scenarios for avoiding interruptions by NCSG patterns:
In our view this basic principle in LTE related to NCSG pattern can be reused also in NR. 
Firstly, the purpose of NCSG pattern shall be the same in NR i.e. interruptions on PCell, PSCell and SCell, due to measurements on PCell, PSCell, activated SCell and unused RF chain shall occur during VIL1 and VIL2. 
Furthermore, NCSG can be used for hiding interruptions during the VIL1 and VIL2 when the SCell is configured with dormant BWP or switched to dormant BWP. During dormancy the UE is not expected to monitor the control channel on the SCell with dormant BWP. The UE can therefore turn off its receiver most of the time. But UE still periodically retunes its receiver for performing CSI and RRM measurements typically once every 40 ms. 
We therefore support the following basic scenarios for using NCSG to avoid interruptions in NR:
· Proposal # 1: If NCSG is configured then the interruptions on PCell, PSCell or activated SCell(s) due to measurements on PCell, PSCell, activated SCell, deactivated SCell, SCell with dormant BWP or unused RF chain shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 2: If NCSG is pre-configured then after switching from non-dormant BWP to dormant BWP on a SCell, then interruptions on PCell, PSCell or activated SCell(s) due to measurements on the SCell with dormant BWP shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
Scenarios when NCSG patterns can be configured:
In LTE, the NCSG pattern cannot be configured in parallel with legacy gap pattern on the same carrier or CG. This means NCSG pattern can be configured if the UE is not configured with legacy gap pattern or if the UE supports per CC gap then NCSG pattern can be configured on CC or CG where legacy gap pattern is not configured. In the early phase of this WI, combinations of the objectives (# 2 and #3) is not considered. Therefore, for the time beimg the assumption should be that the NCSG pattern and legacy gap patterns are not used in parallel. We therefore support the following proposals:
· Proposal # 3: For UE capable of per UE gaps, NCSG pattern can be configured to avoid interruptions provided that the UE is not configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133.
· Proposal # 4: For UE capable of per FR gaps:
· NCSG pattern cannot be configured in parallel with any legacy gap pattern (defined in Table 9.1.2-1, TS 38.133) on the same FR.
· NCSG pattern can be configured on an FR to avoid intterruptions provided that on the same FR the UE is not configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133.
Scenarios for avoiding interruptions by legacy gap patterns for NCSG capable UE:
In LTE, if the UE capable of NCSG is configured with legacy gap pattern with ID #0 or #1 but does not monitor any inter-frequency or inter-RAT layer then the UE does not cause any interruption on PCell or activated SCell, due to measurements on carriers of any of PCell and SCell. The rationale is that the UE can reuse the legacy gaps for retuning its receiver for measuring on cells of PCC or SCC. But if the UE is using the gaps for inter-frequency and/or inter-RAT measurements then UE cannot perform measurements on cells of PCC/SCC and inter-frequency and/or inter-RAT carriers in parallel. We can extend the same principle for using legacy gaps for avoiding interruption in NR. We therefore support the following proposals:
· Proposal # 5: If UE capable of NCSG and per UE gaps is configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133 and there is no intra-frequency, inter-frequency or inter-RAT carrier to monitor, then the UE shall not cause any interruption PCell, PSCell or activated SCells due to measurements on PCell, PSCell or SCells.
· Proposal # 6: If UE capable of NCSG and per FR gaps is configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133 on an FR and there is no intra-frequency, inter-frequency or inter-RAT carrier to monitor on that FR, then the UE shall not cause any interruption PCell, PSCell or activated SCells on that FR due to measurements on PCell, PSCell or SCells of that FR.
3. NCSG patterns in NR
In LTE, one basic principle has been that the NCSG patterns with ID # 0 and # 1 are used for synchronous DC while NCSG patterns with ID # 2 and # 3 are supported for asynchronous dual connectivity (DC). This means UE capable of NCSG and synchronous DC need to support only NCSG patterns with ID # 0 and 1. The NCSG patterns with ID # 0 and # 1 correspond to legacy gap patterns with ID # 0 and # 1 defined in LTE (Table 8.1.2.1-1, TS 36.133). In NR, as well separate sets of NCSG patterns need to be defined for synchronous MR-DC and asynchronous MR-DC.
There existed only legacy gap patterns with ID # 0 and # 1, when NCSG patterns were introduced. Therefore, NCSG patterns corresponding to legacy gap patterns with ID # 0 and # 1 were introduced. This allows for example NCSG and legacy patterns in parallel on separate carriers if UE supports per CC gaps in LTE. 
In Rel-17 there are 26 gap patterns (ID # 0 to # 25) for NR (Table 9.1.2-1, TS 38.133). Their purpose and usage for different measurement scenarios are stated in Table 9.1.2-2, TS 38.133. Gap patterns with ID # 12-23 can be configured only for FR2 while others can be used for FR1 and/or FR2 together or separately. All gap patterns (ID # 0 to # 25) can be configured as per UE gaps. All gap patterns, except gap patterns with ID # 24 and # 25, can be configured as per FR gap if the UE supports per FR gap capability. But gap patterns with ID # 24 and # 25 can only be per UE gaps. Therefore, we do not see the need for defining NCSG corresponding to ID # 24 and # 25. Instead, the NCSG patterns corresponding to legacy gap patterns with ID # 0 to # 23 can be defined for both synchronous and asynchronous MR-DC. This will allow the use of NCSG pattern in parallel with corresponding legacy pattern on different FRs. However, when no legacy pattern is configured then the NCSG can be configured per UE. Following are the proposals related to the NCSG patterns:
· Proposal # 7: Define separate NCSG patterns for synchronous and asynchronous MR-DC.
· Proposal # 8: Define NCSG patterns for synchronous and asynchronous MR-DC corresponding to legacy gap patterns with ID # 0 to ID #23 (defined in Table 9.1.2-1, TS 38.133).
4. VIL1, VIL2 and ML lengths
Visible interruption lengths; VIL1 and VIL2:
In NR, the visible interruption length before measurement (VIL1) and visible interruption length after measurement (VIL2) will depend on whether NCSG is supported for synchronous or asynchronous MR-DC and whether NCSG is only for FR2 or for both FR1 and FR2.
The VIL1 and VIL2 should be large enough to ensure that the interruption occurs well within them. The interruption on serving cells (PCell, PSCell, activated SCell) occurs when e.g.
· Interruption on PCell, PSCell or other activated SCells when UE measures on cells of SCC with deactivated SCell i.e. UE turns SCell receiver on before measurement and off after the measurement.
· Interruption on serving cells in SCG when UE measures on cells of PCC and/or SCC in MCG and when MCG is in DRX and SCG in non-DRX i.e. UE turns on the receiver for MCG before measurement and turns off the receiver for MCG after the measurement.
· Interruption on serving cells in MCG when UE measures on cells of PSC and/or SCC in SCG and when SCG is in DRX and MCG in non-DRX i.e. UE turns on the receiver for SCG before measurement and turns off the receiver for SCG after the measurement.
The longest interruption is for FR1 with asynchronous case (i.e. 2 ms) and longest for FR2 (i.e. 0.75 ms) since 60 kHz SCS is supported for FR2. This is shown below from Table 8.2.4.2.6-1, TS 38.133:
Table 1: Interruption length X at transition between active and non-active during DRX
	[image: ]
	NR Slot length (ms)
	Interruption length X (slots)

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Based on the above argument we propose that VIL1 and VIL2 for FR1 and FR2 are defined as follows as shown in table 2:
Table 2: Proposed values of VIL1 and VIL2 for FR1 and FR2
	VIL1
	VIL2

	Sync
	Async
	Sync
	Async

	1 ms
	2 ms
	1 ms
	2 ms

	0.75 ms
	0.75 ms


Measurement length (ML):
The measurement lengths should be large enough to enable the UE to perform the measurements on cells of the carrier whose receiver is tuned. 
The ML will depend on synchronous or asynchronous MR-DC and FR (FR1 or FR2). 
In general, the ML for synchronous can be derived as follows:
MLsync =  Nslots_sync Tslot  - (VIL1+VIL2)              [ms]                                               (1)
In general, the ML for asynchronous can be derived as follows:
MLasync =  Nslots_async Tslot  - (VIL1+VIL2)              [ms]                                          (2)
Nslots_sync = Total number of interrupted slots on serving cells defined in Table 9.1.2-4, TS 38.133.
Nslots_async = Total number of interrupted slots on serving cells defined in Table 9.1.2-4a, TS 38.133.
Tslot  = 	NR slot length in ms
5. Measurement requirements with NCSG patterns in NR
The measurement requirements for measurements done on carriers when NCSG patterm is used or legacy gap pattern is used for avoiding interruption will depend on and scale with the gap periodicity of the corresponding NCSG pattern or legacy gap pattern. 
2. Summary and Proposals
[bookmark: _Hlk23953093]In this paper we have provided initial analysis of using NCSG gaps for different scenarios to avoid interruptions. Based on the analysis following are the main observation and proposal: 
Scenarios for NCSG patterns:
· Proposal # 1: If NCSG is configured then the interruptions on PCell, PSCell or activated SCell(s) due to measurements on PCell, PSCell, activated SCell, deactivated SCell, SCell with dormant BWP or unused RF chain shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 2: If NCSG is pre-configured then after switching from non-dormant BWP to dormant BWP on a SCell, then interruptions on PCell, PSCell or activated SCell(s) due to measurements on the SCell with dormant BWP shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 3: For UE capable of per UE gaps, NCSG pattern can be configured to avoid intterruptions provided that the UE is not configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133.
· Proposal # 4: For UE capable of per FR gaps:
· NCSG pattern cannot be configured in parallel with any legacy gap pattern (defined in Table 9.1.2-1, TS 38.133) on the same FR.
· NCSG pattern can be configured on an FR to avoid intterruptions provided that on the same FR the UE is not configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133.
· Proposal # 5: If UE capable of NCSG and per UE gaps is configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133 and there is no inter-frequency or inter-RAT carrier to monitor, then the UE shall not cause any interruption PCell, PSCell or activated SCells due to measurements on PCell, PSCell or SCells.
· Proposal # 6: If UE capable of NCSG and per FR gaps is configured with any legacy gap pattern defined in Table 9.1.2-1, TS 38.133 on an FR and there is no inter-frequency or inter-RAT carrier to monitor on that FR, then the UE shall not cause any interruption PCell, PSCell or activated SCells on that FR due to measurements on PCell, PSCell or SCells of that FR.
NCSG patterns: 
· Proposal # 7: Define separate NCSG patterns for synchronous and asynchronous MR-DC.
· Proposal # 8: Define NCSG patterns for synchronous and asynchronous MR-DC corresponding to legacy gap patterns with ID # 0 to ID #23 (defined in Table 9.1.2-1, TS 38.133).
Visible interruption lengths: VIL1 and VIL2:
· Proposal # 9: VIL1 and VIL2 for FR1 and FR2 are defined as follows:
	VIL1
	VIL2

	Sync
	Async
	Sync
	Async

	1 ms
	2 ms
	1 ms
	2 ms

	0.75 ms
	0.75 ms


Measurement length (ML):
· Proposal # 10: ML for synchronous MR-DC (MLsync) and ML for aynchronous MR-DC (MLasync) can be derived as follows:
                                            MLsync =  Nslots_sync Tslot  - (VIL1+VIL2)               [ms]
MLasync =  Nslots_async Tslot  - (VIL1+VIL2)              [ms]
Where:
· Nslots_sync = Total number of interrupted slots on serving cells defined in Table 9.1.2-4, TS 38.133.
· Nslots_async = Total number of interrupted slots on serving cells defined in Table 9.1.2-4a, TS 38.133.
· Tslot  = 	NR slot length in ms
Measurement period with NCSG patterns:
· Proposal # 11: Measurement period for measurement done on cells of a carrier when NCSG pattern is used or legacy gap pattern is used for avoiding interruption will depend on and scale with the gap periodicity of the corresponding NCSG pattern or legacy gap pattern.
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