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1 Introduction
A new Work Item of ‘RRM measurement gap enhancement in R17’ [1] has been approved in RANP #89 meeting. 
	· 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 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 our view on Network Controlled Small Gap (NCSG) for RRM measurement gap enhancement in R17.
2 Discussion 
The motivation of introducing Network Controlled Small Gap (NCSG) for NR is similar to that for LTE. Unnecessary interruptions on PCell or activated SCell(s) can be shortened or avoided via NCSG, since 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. 
· If UE measurement was configured with MG, NCSG can be dedicated configured for the serving carrier which does not need gap. Especially, for UE measurement configured without MG, NCSG can be implicitly configured for other serving carriers which do not need measurement gap. 
According to the work plan, we focus on the discussion on NCSG design in this meeting, including VIL, ML and VIRP for different numerologies in FR1 and FR2.
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Figure 1: measurement gap and NCSG for LTE
Table 1: NCSG Configurations for LTE 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)

	0
	1
	4
	DL: 1
UL: 2
	40

	1
	1
	4
	DL: 1
UL: 2
	80

	2
	2
	3
	 2
	40

	3
	 2
	3
	 2
	80


Generally, we think the design of NCSG including VIL, ML and VIRP can be based on the methods for LTE. As for NCSG in LTE, only NCSG pattern 0, 1, 2, 3 are defined with total length no less than 6ms. And the interruption length for NR and LTE should be comparable due to UE RF tuning and baseband adjustment, considering at least 1ms length of interruption before and after measurement.
Observation 1: The design of NCSG including VIL, ML and VIRP can be based on the methods for LTE.
Proposal 1: Reuse the LTE values of VIL for NR.
Thus, the NR NCSG should be also defined for the measurements with long MGL, e.g., 6ms for FR1 or 5.5ms FR2, which can bring more significant gain. For measurement with short MGL, NCSG can be considered as low priority due to hardly any gain excluding the necessary interruption. So in Rel-17 NR NCSG can be designed referring to gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2.
Proposal 2: NCSG for NR should be defined for the measurements with long MGL, e.g., 6ms for FR1 or 5.5ms FR2.
UEs shall only support those NCSG patterns that are relevant to its measurement capabilities. The following requirements of NCSG should be satisfied:
· During the VIL1 and VIL2, the UE is not expected to transmit and receive any data. UE shall not make any autonomous interruption outside the visual interruption (VIL) of the configured NCSG for the measurement
· During ML, the UE is expected to transmit and receive data on the corresponding serving carrier, where measurement is allowed.
· The VIRP of NCSG should refer to the MGRP of NR measurement gap, including 20, 40, 80, 160 ms.
Proposal 3: The VIRP of NCSG should refer to the MGRP of NR measurement gap, including 20, 40, 80, 160 ms.
Proposal 4: During the VIL1 and VIL2, the UE is not expected to transmit and receive any data. UE shall not make any autonomous interruption outside the visual interruption (VIL) of the configured NCSG for the measurement
Proposal 5: During ML, the UE is expected to transmit and receive data on the corresponding serving carrier, where measurement is allowed.
About the details of NCSG configuration, there may be two options:
· Option 1: VIL and ML are defined based on a fixed length (ms) regardless of FR1 and FR2
· Option 2: VIL and ML are defined based on NR Slot of victim cell, considering different numerologies of FR1 and FR2
From our side, we think option 1 should be easier for NCSG configuration as the VIL of different SCSs should not have much difference. Assuming the same level of interruption for FR1 and FR2 measurement, the ML for FR2 is shorter than that of FR1 due to faster switching period of FR2. Based on these, NCSG Pattern ID 0~7 is for measurement configured with per FR1 and per UE gap, and pattern ID 8~15 is for measurement configured with per FR2 gap.
Proposal 6: Define NCSG configuration for NR with a fixed length (ms) of VIL and ML as Table 2.
Table 2: NCSG configuration for NR
	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)

	0
	1
	4
	DL: 1
UL: 2
	40

	1
	1
	4
	DL: 1
UL: 2
	80

	2
	2
	3
	 2
	40

	3
	2
	3
	 2
	80

	4
	1
	4
	DL: 1
UL: 2
	20

	5
	1
	4
	DL: 1
UL: 2
	160

	6
	2
	3
	 2
	20

	7
	2
	3
	 2
	160

	8
	1
	3.5
	DL: 1
UL: 2
	40

	9
	1
	3.5
	DL: 1
UL: 2
	80

	10
	2
	2.5
	 2
	40

	11
	2
	2.5
	 2
	80

	12
	1
	3.5
	DL: 1
UL: 2
	20

	13
	1
	3.5
	DL: 1
UL: 2
	160

	14
	2
	2.5
	 2
	20

	15
	2
	2.5
	 2
	160


Besides, about the applicability of NCSG pattern, we think:
· A UE that is capable of identifying and measuring on some cells without gaps, but needs interruption, and is configured with NCSG for such measurement (e.g., NCSG Pattern ID #0-7 for FR2 or #8-15 for FR2), shall follow requirements as if Gap Pattern ID #0,1, 4,5 for FR1, or ID #12,13,14,15 for FR2 had been used and shall not make any autonomous interruption outside the VIL of the configured NCSG for the measurement.
Proposal 7: NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap.

3 Summary
In this contribution, we provided our views on NCSG for RRM measurement gap enhancement. 
Observation 1: The design of NCSG including VIL, ML and VIRP can be based on the methods for LTE.
Proposal 1: Reuse the LTE values of VIL for NR.
Proposal 2: NCSG for NR should be defined for the measurements with long MGL, e.g., 6ms for FR1 or 5.5ms FR2.
Proposal 3: The VIRP of NCSG should refer to the MGRP of NR measurement gap, including 20, 40, 80, 160 ms.
Proposal 4: During the VIL1 and VIL2, the UE is not expected to transmit and receive any data. UE shall not make any autonomous interruption outside the visual interruption (VIL) of the configured NCSG for the measurement
Proposal 5: During ML, the UE is expected to transmit and receive data on the corresponding serving carrier, where measurement is allowed.
Proposal 6: Define NCSG configuration for NR with a fixed length (ms) of VIL and ML as Table 2.
Table 2: NCSG configuration for NR
	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)

	0
	1
	4
	DL: 1
UL: 2
	40

	1
	1
	4
	DL: 1
UL: 2
	80

	2
	2
	3
	 2
	40

	3
	2
	3
	 2
	80

	4
	1
	4
	DL: 1
UL: 2
	20

	5
	1
	4
	DL: 1
UL: 2
	160

	6
	2
	3
	 2
	20

	7
	2
	3
	 2
	160

	8
	1
	3.5
	DL: 1
UL: 2
	40

	9
	1
	3.5
	DL: 1
UL: 2
	80

	10
	2
	2.5
	 2
	40

	11
	2
	2.5
	 2
	80

	12
	1
	3.5
	DL: 1
UL: 2
	20

	13
	1
	3.5
	DL: 1
UL: 2
	160

	14
	2
	2.5
	 2
	20

	15
	2
	2.5
	 2
	160


[bookmark: _GoBack]Proposal 7: NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap.
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Figure 8.1.2.1.2-1: Measurement GAP and NCSG (Sync)
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Figure 8.1.2.1.2-2: Measurement GAP and NCSG for dual connectivity (Async)

* subframes of serving carrier 1 from i+1 to 1+6 are used as measurement gap.
*  The NCSG can be implicitly configured on other serving carrier subframes from j+1 to j+6(sync)/ j+7(async), where no
measurement gap is configured.





