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1 Introduction
In this paper, we will discuss the NCSG support in NR.
2 Discussion
In LTE, in order to reduce the interruption time, network controlled small gap (NCSG) is introduced, see the Annex. NCSG is different from traditional measurement gap. With NCSG, the interruptions on PCell or/and activated SCell(s) occur only when the UE reconfigures the receiver bandwidth, carrier frequency or turn on/off one of the RF chains in order to perform or stop the measurement. See the Figure 1:
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Figure 1: An example of NCSG
During the VIL1 and VIL2, the UE is not expected to transmit and receive any data, which is for the UE RF retuning. During ML, the UE performs the measurement and is expected to transmit and receive data on the corresponding serving carrier. In LTE, 4 NCSG patterns are supported:

Table 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 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


According to the principle, the interruption time are VIL1 and VIL2. The interruption time can be significantly reduced with the NCSG. Considering that NR has higher time delay requirement and generally NR UE supports wider receivers, we propose that NR also supports the NCSG feature.
Proposal 1: support the NCSG feature in NR.

NCSG is related to RAN4. If RAN2 agrees to introduce the NCSG, an LS should be sent to RAN4 to ask RAN4’s opinion.
Proposal 2: Send LS to RAN4 to ask RAN4’s opinion.

A text proposal is included in section 5 below to show the inclusion of NCSG in the RRC.

Note that the conventional gap and NCSG would never be configured simultaneously, although the proposed ASN.1 structure would appear to allow it; we assume this should be handled with message constraints, rather than replacing MeasGapConfig with a CHOICE structure which might then be difficult to extend properly in future releases.
3 Conclusion

The paper discusses the NCSG and we propose:
Proposal 1: support the NCSG feature in NR.

Proposal 2: Send LS to RAN4 to ask RAN4’s opinion.

4 References
[1] 3GPP TS 36.133 
5 Text Proposal
6.3.2
Radio resource control information elements
...
–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/ release of measurement gaps.

MeasGapConfig information element

-- ASN1START

--TAG-MEAS-GAP-CONFIG-START

MeasGapConfig ::=




SEQUENCE {


gapFR2 







SetupRelease { GapConfig }













OPTIONAL,
-- Need M


...,


[[



gapFR1






SetupRelease { GapConfig }













OPTIONAL,
-- Need M



gapUE






SetupRelease { GapConfig }













OPTIONAL
-- Need M


]],

ncsg







NCSG-Config

















OPTIONAL
}

GapConfig ::=





SEQUENCE {


gapOffset 






INTEGER (0..159),


mgl 







ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},


mgrp 







ENUMERATED {ms20, ms40, ms80, ms160},


mgta







ENUMERATED {ms0, ms0dot25, ms0dot5},


...

}

NCSG-Config ::=





SEQUENCE {


gp-ncsg0






INTEGER (0..39), -- value range FFS


gp-ncsg1






INTEGER (0..79), -- value range FFS


gp-ncsg2






INTEGER (0..39), -- value range FFS


gp-ncsg3






INTEGER (0..79), -- value range FFS


...

}

-- TAG-MEAS-GAP-CONFIG-STOP
-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1

Indicates measurement gap configuration that applies to FR1 only. In the case of EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 gap). gapFR1 can not be configured together with gapUE. The applicability of the measurement gap is according to Table 9.1.2-2 in TS 38.133 [14].

	gapFR2

Indicates measurement gap configuration applies to FR2 only. gapFR2 cannot be configured together with gapUE. The applicability of the measurement gap is according to Table 9.1.2-2 in TS 38.133 [14].

	gapUE

Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In the case of EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE gap). If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the measurement gap is according to Table 9.1.2-2 in TS 38.133 [14].

	gapOffset

Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range should be from 0 to mgrp-1.

	mgl

Value mgl is the measurement gap length in ms of the measurement gap. The applicability of the measurement gap is according to in Table 9.1.2-1 and Table 9.1.2-2 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5ms, ms3 corresponds to 3ms and so on.

	mgrp

Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The applicability of the measurement gap is according to in Table 9.1.2-1 and Table 9.1.2-2 in TS 38.133 [14].

	mgta

Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to section 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25ms and ms0dot5 corresponds to 0.5ms. For FR2, the network only configures 0 and 0.25ms. 


6.3.3
UE capability information elements

...
–
MeasParameters
The IE MeasParameters is used to convey UE capabilities related to measurements for radio resource management (RRM) and radio link monitoring (RLM).

MeasParameters information element

-- ASN1START

-- TAG-MEASPARAMETERS-START

MeasParameters ::= SEQUENCE {


measParametersCommon



MeasParametersCommon


OPTIONAL,

measParametersXDD-Diff


MeasParametersXDD-Diff

OPTIONAL,

measParametersFRX-Diff


MeasParametersFRX-Diff

OPTIONAL,

ncsg






ENUMERATED {supported}

OPTIONAL
}

MeasParametersCommon ::= SEQUENCE {


supportedGapPattern



BIT STRING (SIZE (22))


OPTIONAL,

...

}

MeasParametersXDD-Diff ::=
SEQUENCE {


intraAndInterF-MeasAndReport
ENUMERATED {supported}
OPTIONAL,


eventA-MeasAndReport


ENUMERATED {supported}
OPTIONAL,

...

}

MeasParametersFRX-Diff ::=
SEQUENCE {


ss-SINR-Meas





ENUMERATED {supported}

OPTIONAL,


csi-RSRP-AndRSRQ-MeasWithSSB

ENUMERATED {supported}

OPTIONAL,


csi-RSRP-AndRSRQ-MeasWithoutSSB

ENUMERATED {supported}

OPTIONAL,


csi-SINR-Meas





ENUMERATED {supported}

OPTIONAL,


csi-RS-RLM






ENUMERATED {supported}

OPTIONAL,

...

}

-- TAG-UE-NR-CAPABILITY-STOP

-- ASN1STOP
6 Annex (NCSG in 36.133)
8.1.2.1.2
Network controlled small gap 

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 that are specified in Section 7.8. 
If the UE requires network controlled small gap (NCSG) to prevent the interruption and UE is not configured with asynchrouns DC,

-
When UE is not configured with measurement gap, the E-UTRAN 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 8.1.2.1.2-1 can be implicitly configured on the serving carrier(s), where measurement gap is not configured.

Note:
As shown in Figure 8.1.2.1.2-1, 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 8.1.2.1.2-1: 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 8.1.2.1.2-1 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 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 8.1.2.1.2-2, 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 8.1.2.1.2-1 that are relevant to its measurement capabilities.
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Figure 8.1.2.1.2-2: Measurement GAP and NCSG for dual connectivity

Table 8.1.2.1.2-1: 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 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


During the VIL1 and VIL2, the UE is not expected to transmit and receive any data. During ML, the UE is expected to transmit and receive data on the corresponding serving carrier.

A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps, but needs interruption, and is configured with the network controlled small gap for such measurement (NCSG Pattern Id #0-3) shall follow requirements as if Gap Pattern Id #0 or Gap Pattern Id #1 had been used and shall not make any autonomous interruption outside the visual interruption of the configured network controlled small gap for the measurement., and the minimum available time Tinter1 of 60 ms and 30 ms shall be assumed for the corresponding requirement for visible interruption repetition period (VIRP) of 40 ms and 80 ms, respectively.
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