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1 Introduction
In RAN#89e meeting, a new work item R17 gap enhancement was approved in [1] with the following objectives considered. The WID was revised and approved in [2] in RAN#90e meeting with no objectives changed. 
	The following objective are considered in this WI:
(1) Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) [RAN4]
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
· Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
· Specification of applicability of pre-configured MG pattern(s) [RAN4]
· Procedures and signaling for pre-configured MG pattern(s) [RAN2]
· Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input
(2) Multiple concurrent and independent MG patterns [RAN4, RAN2]
· RRM requirements for concurrent and independent MG patterns [RAN4] 
· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
· Define the corresponding measurement requirements
· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input
(3) 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]

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.


The WI was agreed to start in RAN4#98e meeting in Jan. 2021. So only work plan was approved [3] in RAN4#97e meeting. According to the plan, the work in RAN#98e is as below: 
	1) 3GPP RAN4 #98e meeting (January, 2021, 1TU, Core part)
· Discussions on : 
· Pre-configured MG pattern(s)
· Initial discussion on the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch. 
· Initial discussion on applicability of pre-configured MG pattern(s). 
· Multiple concurrent and independent MG patterns
· Initial discussion on maximum number of concurrent and independent MG patterns active at any time. 
· Initial discussion on applicability of multiple concurrent and independent gap patterns. 
· Network Controlled Small Gap (NCSG) specification
· Initial discussion on NCSG design, including VIL, ML and VIRP, for different numerologies in FR1 and FR2.
· Agreements on:
· Technical aspects of RRM requirements of each objective 


In this paper, we have some initial discussions on the third objective Network Controlled Small Gap (NCSG). 
2 Discussion
A UE may reconfigure the receiver bandwidth, carrier frequency or turn on/off one of the RF chains when performing measurements on PCell, activated SCell/PSCell, deactivated SCell and/or unused RF chain. This may cause interruptions on PCell or activated SCell(s) or both. In LTE R14, the interruption requirements are specified in section 7.8.2 in TS 36.133 and NCSG was introduced to prevent the interruption. 
In NR, the similar interruption exists and the requirements are defined in section 8.2.1.2.5, 8.2.2.2.3, 8.2.3.2.5 and 8.2.4.2.3 in TS 38.133. But the NCSG used to prevent the interruption is not defined for NR. In this gap enhancement WI, the NCSG is planned to be introduced for NR. 
Except the gap pattern #24 and #25 added for positioning, the other gap patterns in NR are legacy patterns from LTE. In our opinion, the same approach as LTE can be also used for NR as below: 
	UE is not configured with asynchrouns DC,
-	When UE is not configured with measurement gap, the NR can explicitly provide a single NCSG pattern with constant repetition period per UE.
-	When UE is configured with Gap Pattern ID #0 on some of, but not all, serving carriers including PCC and SCC(s), a single NCSG pattern with NCSG Pattern ID #0 in Table 9.1.2.2-1 can be implicitly configured on the serving carrier(s), where measurement gap is not configured.
Note:	As shown in Figure 9.1.2.2-1, subframes of serving carrier 1 from i+1 to i+6 are used as measurement gap. The NCSG can be implicitly configured on other serving carrier subframes from j+1 to j+6, where no measurement gap is configured.
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Figure  9.1.2.2-1: Measurement GAP and NCSG
-	When UE is configured with Gap Pattern ID #1 on some of, but not all, serving carriers including PCC and SCC(s), a single NCSG pattern with NCSG Pattern ID #1 in Table 9.1.2.2-1 can be implicitly configured on the serving carrier(s), where measurement gap is not configured.
-	When UE measurement gap is configured on all serving carriers including PCC and SCC(s), NCSG should not be configured.
If the UE requires NCSG to prevent the interruption and the UE supporting asynchronous DC is configured with PSCell which is asynchnous with PCell,
-	When there is no measurement gap configured among MCG and SCG cell subframes, the E-UTRAN/NR can explicitly provide a single NCSG pattern with constant repetition period per serving carrier.
-	When Gap Pattern ID #0 is configured for UE on MCG (or SCG) and no measurement gap is configured on SCG (or MCG), a single NCSG pattern with NCSG Pattern ID #2 can be implicitly configured on SCG (or MCG).
Note:	As shown in Figure 9.1.2.2-2, one serving carrier subframes from i+1 to i+6 are used as measurement gap. The NCSG can be implicitly configured on other serving carrier subframes from j+1 to j+7, where no measurement gap is configured.
-	When Gap Pattern ID #1 is configured for UE on MCG (or SCG) and no measurement gap is configured on SCG (or MCG), a single NCSG pattern with NCSG Pattern ID #3 can be implicitly configured on SCG (or MCG).
UEs shall only support those NCSG patterns listed in Table 9.1.2.2-1 that are relevant to its measurement capabilities.


Figure  9.1.2.2-2: Measurement GAP and NCSG for dual connectivity
Table  9.1.2.2-1: NCSG Configurations supported by the UE
	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 8.2.2.2.3

	1
	1
	4
	DL: 1
UL: 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	2
	2
	3
	 2
	40
	Interruption control according to requirements in sections 8.2.2.2.3

	3
	 2
	3
	 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3






The UE is not expected to transmit and receive any data during the VIL1 and VIL2 but expected to transmit and receive data during the ML. 
For FR2, even though the RF tuning time is smaller, there is no need to reduce the length of VIL in our opinion. It’s better to keep aligned with FR1. 
Proposal 1: The same approach as LTE for NCSG can be reused in NR for both FR1 and FR2. 
In R16 positioning, another two gap patterns are introduced for positioning measurement which can also be used for LTE and NR measurement. For this two gap patterns, the gap length is long enough and can be configured with NCSG using the similar way as LTE. The VIL which used for RF tuning can be same and the NCSG is configured as below: 
UE is not configured with asynchrouns DC,
 -	When UE is configured with Gap Pattern ID #24 on some of, but not all, serving carriers including PCC and SCC(s), a single NCSG pattern with NCSG Pattern ID #4 in Table 9.1.2.2-1 can be implicitly configured on the serving carrier(s), where measurement gap is not configured.
-	When UE is configured with Gap Pattern ID #25 on some of, but not all, serving carriers including PCC and SCC(s), a single NCSG pattern with NCSG Pattern ID #5 in Table 9.1.2.2-1 can be implicitly configured on the serving carrier(s), where measurement gap is not configured.
If the UE requires NCSG to prevent the interruption and the UE supporting asynchronous DC is configured with PSCell which is asynchnous with PCell,
-	When Gap Pattern ID #24 is configured for UE on MCG (or SCG) and no measurement gap is configured on SCG (or MCG), a single NCSG pattern with NCSG Pattern ID #6 can be implicitly configured on SCG (or MCG).
-	When Gap Pattern ID #25 is configured for UE on MCG (or SCG) and no measurement gap is configured on SCG (or MCG), a single NCSG pattern with NCSG Pattern ID #7 can be implicitly configured on SCG (or MCG).
Table 9.1.2.2-1: NCSG Configurations supported by the UE
	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 8.2.2.2.3

	1
	1
	4
	DL: 1
UL: 2
	80
	Interruption control according to requirements in sections8.2.2.2.3

	2
	2
	3
	 2
	40
	[bookmark: _GoBack]Interruption control according to requirements in sections 8.2.2.2.3

	3
	 2
	3
	 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	4
	1
	8
	DL: 1
UL: 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	5
	1
	8
	DL: 1
UL: 2
	160
	Interruption control according to requirements in sections 8.2.2.2.3

	6
	2
	7
	 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	7
	 2
	7
	 2
	160
	Interruption control according to requirements in sections 8.2.2.2.3



Proposal 2: Introduce the following NCSG pattern for measurement gap pattern #24 and #25. 
	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

	4
	1
	8
	DL: 1
UL: 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	5
	1
	8
	DL: 1
UL: 2
	160
	Interruption control according to requirements in sections 8.2.2.2.3

	6
	2
	7
	 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	7
	 2
	7
	 2
	160
	Interruption control according to requirements in sections 8.2.2.2.3



3 Summary
In this paper, we have some discussions on NCSG for NR and the following proposals are given：
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: The same approach as LTE for NCSG can be reused in NR for both FR1 and FR2. 
Proposal 2: Introduce the following NCSG pattern for gap pattern #24 and #25. 
	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

	4
	1
	8
	DL: 1
UL: 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	5
	1
	8
	DL: 1
UL: 2
	160
	Interruption control according to requirements in sections 8.2.2.2.3

	6
	2
	7
	 2
	80
	Interruption control according to requirements in sections 8.2.2.2.3

	7
	 2
	7
	 2
	160
	Interruption control according to requirements in sections 8.2.2.2.3


Proposal 3: Introduce the NCSG pattern in [4] to NR. 
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