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1	Introduction
NR and MR-DC measurement gap(MG) enhancements for release 17 was agreed as WI at RAN #89e, with following three measurement gap enhancements:
-	Pre-configured MG pattern(s) (fast MG configuration)
-	Multiple concurrent and independent MG patterns
-	Network Controlled Small Gaps (NCSG) specification
According to WID [1], RAN2 is expected to address the procedures and signaling for NCSG patterns based on RAN4 input. In RAN4#101 e-meeting, RAN4 LS [2] have been agreed to inform RAN2 to start the design according to the agreements reached in RAN4 (as below). Furthermore, RAN2 is asked to feedback whether it is feasible to support NCSG in EN-DC, NE-DC and NR-DC in R17 from RAN2 perspective.
	1. Scenarios and use cases
1) For different types of measurement with NCSG:
Agreements: 
· NCSG can be used for:
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· Measurement on de-activated SCell
· NCSG will NOT be used for:
· 2G/3G measurements
· PRS measurements
· It is still FFS whether NCSG can be used for:
· RRM measurement for dormant SCell.
· CSI-RS based inter-frequency measurement

2) Applicable scenarios:
Agreements: 
· NCSG is feasible in NR SA. Feasibility from requirement perspective in EN-DC, NE-DC and NR-DC is still being discussed in RAN4.
· NCSG is feasible in FR1.  
· Feasibility in FR2 is still being discussed in RAN4. 

3) Capability indication:
Agreements: 
· How to indicate UE capability to support of NCSG feature before NW inquiring
· Introduce a general UE capability for support of NCSG 
· How indicate the support of NCSG
· UE can report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’ 
· NCSG support reporting granularity 
· Per band to be measured in a band combination (same granularity as NeedForGap)
· Whether to use RRCReconfigurationComplete based framework
· Up to RAN2
· Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap
· Option 1: No 
· Option 2: Define a per BC indication for per FR NCSG. 

2. NCSG patterns
1) How to define NCSG patterns
Agreements: 
· RAN4 will define a dedicated table for NCSG pattern with similar structure as TS38.133 Table 9.1.2-1. The table of NCSG pattern will include the following parameters:
· NCSG pattern ID
· ML (Measurement Length in millisecond)
· VIRP (Visible Interruption Repetition Periodicity in millisecond)

2) Mandatory NCSG patterns for UE supporting this feature
Agreements: 
· RAN4 will develop NCSG patterns corresponding to legacy gap patterns #0~#23.
· NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. FFS on other NCSG patterns.



In this contribution, we will discuss how to support the NCSG from RAN2 point of view. 
2	Discussion
The Network Controlled Small Gaps (NCSG) is based on the usage of an idle RF chain of UEs (e.g. supporting CA) in order to increase user throughput on the used serving cell and hence to enables quasi gap-less measurements using the idle RF capacity. Instead of stopping the data transmission on the serving cell during the whole time of MG length (e.g. 6ms), the interruption only happens during the VIL(Visible Interruption Length) with the short duration of [1ms] (FR1) or [0.75ms] (FR2) at the beginning and the end of the measurement time. 
For the NCSG pattern defined for NR, RAN4 agreed the principle is different to the principle for LTE where the VIL is not considered as part of NCSG pattern. In LS [2], RAN4 indicates a new/dedicated table for NCSG pattern with similar structure as TS38.133 Table 9.1.2-1 will be defined. The table of NCSG pattern will include the following parameters:
· NCSG pattern ID
· ML (Measurement Length in millisecond)
· VIRP (Visible Interruption Repetition Periodicity in millisecond)
For the UE supporting the NCSG feature, RAN4 further agreed to develop NCSG patterns corresponding to legacy gap patterns (as defined in TS38.133 Table 9.1.2-1) from #0~#23 but not include #24 and #25.
Observation 1: A dedicated table for NCSG pattern will be defined by RAN4 which will include the NCSG parameters such as NCSG pattern ID, ML and VIRP.  RAN4 will develop NCSG patterns corresponding to legacy measurement gap patterns #0~#23.
On support of different gap patterns, UE should report its supported gap pattern capability to gNB to facilitate NW configure proper measurement gap to UE. 
For legacy MGP #0~#23, both the legacy UE capabilities supportedGapPattern and supportedGapPattern-NRonly-r16 can be used to indicate the MGPs supported by UE. Additionally, RAN4 also defined some mandatorily supported legacy MGPs. For example, MGP# 0/1 should be always mandatorily supported while MGP# 13/14/17/18/19 is mandatory for FR2 and MGP# 2/3/11 is mandatory for NR only measurement in FR1.
	supportedGapPattern
Indicates measurement gap pattern(s) optionally supported by the UE for NR SA, for NR-DC, for NE-DC and for independent measurement gap configuration on FR2 in (NG)EN-DC. The leading / leftmost bit (bit 0) corresponds to the gap pattern 2, the next bit corresponds to the gap pattern 3, as specified in TS 38.133 [5] and so on. The UE shall set the bits corresponding to the measurement gap pattern 13, 14, 17, 18 and 19 to 1 if the UE is an NR standalone capable UE that supports a band in FR2 or if the UE is an (NG)EN-DC capable UE that supports independentGapConfig and supports a band in FR2.

	supportedGapPattern-NRonly-r16
Indicates measurement gap pattern(s) optionally supported by the UE for NR SA and NR-DC when the frequencies to be measured within this measurement gap are all NR frequencies. The leading / leftmost bit (bit 0) corresponds to the gap pattern 2, the next bit corresponds to the gap pattern 3 and so on. The UE shall set the bits corresponding to the measurement gap pattern 2, 3 and 11 to 1.



Similar to legacy gap pattern, not all NCSG patterns will be mandatorily supported by UE. RAN4 agreed NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports the feature. For the other NCSG patterns, it is still under discussion in RAN4 to decide which one should be mandatorily supported.
Observation 2: If UE supports NCSG, NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported. FFS on other NCSG patterns.
To indicate NCSG patterns supported by UE, two options can be considered regarding the NCSG pattern UE capability:
· Option1: Re-use the (supported gap pattern) UE capability for legacy MGP for NCSG patterns.
· Option2: Define new (supported gap pattern) UE capability dedicated for NCSG patterns.
Since RAN4 will develop NCSG patterns corresponding to legacy measurement gap patterns #0~#23. It is possible to reuse the same supported gap pattern to indicate the support of both legacy MGPs and the support of the NCSG patterns. Obviously Option1 can save the UE’s capability and keep the design simple. However, Option1 has the restriction to UE implementation that, the UE can support a NCSG pattern only if it can support the corresponding legacy MGP with the same index. This also means the set of NCSG mandatory patterns should be identical as the set for legacy MGP patterns.
For Option2, NCSG gap patterns may not be always aligned to legacy MG patterns, hence extra signalling is needed. It can have the flexibility to extend the mandatory patterns for NCSG, to further extend more NCSG patterns which is not covered by current #0~#23 NCSG patterns (e.g. for deactivated SCells measurement, longer periodicity (VIRP) may be considered in Rel-18 which may need a new NCSG pattern). In other words, Option2 decouples the legacy MGP support and NCSG pattern support which is more flexible and easier for extension. 
Observation 3: The UE capability on the supported NCSG patterns can be selected between below two options:
· Option1: Re-use the (supported gap pattern) UE capability for legacy MGP for NCSG patterns.
· Option2: Define new (supported gap pattern) UE capability dedicated for NCSG patterns.
From our point of view, we slightly prefer Option2 to have a future proofing signalling design.
Proposal 1: RAN2 to define new UE capability to indicate the supported NCSG patterns.
In the LS [2], RAN4 also agreed to introduce a general UE capability for support of NCSG feature in NR. The intention is to inform NW that the UE can support NCSG feature before NW inquiring NCSG capability in the granularity of per band to be measured. We understand the general UE capability is to align with the legacy ncsg-r14 which is defined for LTE NCSG feature, in which the IE also indicates the supported NCSG patterns for LTE (e.g. support NCSG pattern Id 0,1,2,3 or 1,2 depending on synchronous or asynchronous DC). 
	[bookmark: _Toc29241325][bookmark: _Toc37152794][bookmark: _Toc37236720][bookmark: _Toc46493863][bookmark: _Toc52534757][bookmark: _Toc83650644]4.3.6.24	ncsg-r14
This field defines whether the UE supports NCSG gap as specified in TS 36.133 [16]. If the UE supports ncsg-r14 and asynchronous DC, the UE shall support NCSG Pattern Id 0, 1, 2 and 3. If the UE supports ncsg-r14 but the UE does not support asynchronous DC, only NCSG Pattern Id 0 and 1 shall be supported.



However, if the new UE capability to indicate the supported NCSG patterns is introduced for NR (i.e. Option2 in Observation#3), UE supporting NCSG UE has to report the supported NCSG patterns to enable NW to configure proper MG pattern. Based on the UE reported NCSG patterns, NW can implicitly derive whether UE support NCSG feature. In this case, a general UE capability for support of NCSG seems not needed. If RAN2 decides to re-use the (supported gap pattern) UE capability for legacy MGP (i.e. Option1 in Observation#3), then a general UE capability for support of NCSG feature should be introduced.
Observation 4: NW can implicitly derive whether UE support NCSG feature based on whether UE report supported NCSG patterns via new UE capability.
Proposal 2: A general UE capability for support of NCSG feature is not needed if RAN2 define new UE capability to indicate the supported NCSG patterns. 
To report NCSG capability in the granularity of per band to be measured, RAN4 expects RAN2 to decide whether to use RRCReconfiugrationComplete based framework. 
	· How indicate the support of NCSG
· UE can report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’ 
· NCSG support reporting granularity 
· Per band to be measured in a band combination (same granularity as NeedForGap)
· Whether to use RRCReconfigurationComplete based framework
· Up to RAN2



In Rel-16, NeedForGap signalling was introduced [3] to dynamically report gap requirement in the RRC response messages per target band based on UE’s “current” configured band combination and other L1 parameters. Furthermore, NW can also configure the target band filter for dynamic NeedForGap to ask UE only to report the capability for the potential target bands to be used, which can save the Uu interface overhead. Since the NCSG reporting granularity is same as NeedForGap where it should be reported per target band, we think the similar signalling as NeedForGap can be applicable for NR NCSG.  However, as there is no spare bit in the current NeedForGap signalling, to support the three different capabilities (‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’) for NCSG,  new Rel-17 signalling (e.g. NeedForGapsInfoNR-r17 and NeedForGapsConfigNR-r17) should be introduced for NCSG feature. 
Proposal 3: The framework similar to NeedForGap signalling can be used for NR NCSG feature to report per-band NCSG requirement. 
Proposal 4: Introduce new IEs (e.g. NeedForGapsInfoNR-r17) for NR NCSG feature to report three different capabilities (i.e. ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’) to NW.  
According to RAN4 LS [2], NCSG can be used for both the SSB based intra-frequency and inter-frequency measurement with gap. This means the both intraFreq-needForGap and interFreq-needForGap capability should be supported for NCSG. Below is one ASN.1 example.
NeedForGapsInfoNR-r17 information element
-- ASN1START
-- TAG-NeedForGapsInfoNR-START

NeedForGapsInfoNR-r17 ::=        SEQUENCE {
    intraFreq-needForGap-r17      NeedForGapsIntraFreqlist-r17,  
    interFreq-needForGap-r17      NeedForGapsBandlistNR-r17
}

NeedForGapsIntraFreqlist-r17 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForGapsIntraFreq-r17

NeedForGapsBandlistNR-r17 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR-r17

NeedForGapsIntraFreq-r17  ::=                 SEQUENCE {
    servCellId-r17                               ServCellIndex,
    gapIndicationIntra-r17                       ENUMERATED {no-gap-no-ncsg, ncsg, gap}
}

NeedForGapsNR-r17  ::=                        SEQUENCE {
    bandNR-r17                                   FreqBandIndicatorNR,
    gapIndication-r17                            ENUMERATED {no-gap-no-ncsg, ncsg, gap}
}

-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP

Proposal 5: Both intraFreq-needForGap and interFreq-needForGap capability should be supported for NCSG.  
For NCSG, RAN4 indicates it can be used for inter-RAT E-UTRAN measurement. However, the support of NeedForGap for LTE measurement was considered but not supported in Rel-16 due to time limitation [4]. 
Observation 5: Current NeedForGap signalling is not supported for inter-RAT E-UTRAN measurement.
In Rel-16, introduction of NeedForGap for LTE inter-RAT measurement in NR SA was not fully discussed. There may have three options on table:
· Alt1 – Keep current legacy behaviour (i.e. no new signalling, gap always provided)
· Alt2 – (static approach) define NeedForGap signalling per band combination per supporting band
· Alt3 – (dynamic approach) reporting NeedForGap via RRC response message to NW
Since the dynamic NeedForGap approach was supported for NR inter-frequency measurement in NR SA, we think the same mechanism (Alt3) should be considered for LTE inter-RAT measurement. Considering only 2 meetings left for Rel-17 and limited effort for NCSG feature design, RAN2 need to decide whether to extend the NeedForGap framework to support inter-RAT E-UTRAN measurement for NCSG.  
Proposal 6: RAN2 to decide whether to extend the dynamic NeedForGap framework to support inter-RAT E-UTRAN measurement for NCSG.  
In RAN4 LS [2], RAN2 is expected to feedback whether it is feasible to support NCSG for UE configured to MR-DC.
	RAN4 would like to have RAN2 feedback on whether it is feasible to support NCSG in EN-DC, NE-DC and NR-DC in R17 from RAN2 perspective.



In Rel-16, the dynamic NeedForGap for UE configured in MR-DC is not supported because of time limitation in TEI16. If RAN2 decides to support NCSG for MR-DC, RAN2 should address how to support NeedForGap in MR-DC. In the email discussion in RAN2-109e meeting [4], how to support NeedForGap in MR-DC was discussed while the discussion was postponed due to its complexity. The current dynamic NeedForGap approach does not apply to MR-DC easily. Some issues may need to be addressed which is not easy to converge. 
· Which network node (MN or SN) should request UE NeedForGap capability from UE in each MR-DC scenario?
· UE should report the NeedForGap capability to which network node?
· How to coordinate between MN and SN for capability request and reporting?
· How to handle the SCG configuration (e.g. SCG SCell addition/release) changed by SN (via SRB3) without informing MN?
Observation 6: Current NeedForGap signalling is not supported for MR-DC, with many open issues need to be addressed.
Considering the limited effort for measurement gap enhancements WI in Rel-17, we think RAN2 should de-prioritize the support of NCSG in EN-DC, NE-DC and NR-DC in R17.
Proposal 7: RAN2 de-prioritize the support of NCSG in EN-DC, NE-DC and NR-DC in R17.
Regarding configuration of NCSG patterns to UE, we understand NW may indicate the NCSG gap FR2, NCSG gap FR1 or NCSG gap UE based on the supported NCSG pattern and per-FR gap capability reported by UE (e.g. independentGapConfig), where the NCSG gap pattern configuration includes the Measurement Length(ML) and Visible Interruption Repetition Periodicity (VIRP), measurement gap timing advance(mgta) and gapOffset etc. 
Proposal 8: NW can configure the per-UE or per-FR NCSG patterns to UE based on the supported NCSG pattern capability and per-FR gap capability reported by UE.
3	Conclusion
This document has made the following observations:
Observation 1: A dedicated table for NCSG pattern will be defined by RAN4 which will include the NCSG parameters such as NCSG pattern ID, ML and VIRP.  RAN4 will develop NCSG patterns corresponding to legacy measurement gap patterns #0~#23.
Observation 2: If UE supports NCSG, NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported. FFS on other NCSG patterns.
Observation 3: The UE capability on the supported NCSG patterns can be selected between below two options:
· Option1: Re-use the (supported gap pattern) UE capability for legacy MGP for NCSG patterns.
· Option2: Define new (supported gap pattern) UE capability dedicated for NCSG patterns.
Observation 4: NW can implicitly derive whether UE support NCSG feature based on whether UE report supported NCSG patterns via new UE capability.
Observation 5: Current NeedForGap signalling is not supported for inter-RAT E-UTRAN measurement.
Observation 6: Current NeedForGap signalling is not supported for MR-DC, with many open issues need to be addressed.
And proposed the following:
Proposal 1: RAN2 to define new UE capability to indicate the supported NCSG patterns.
Proposal 2: A general UE capability for support of NCSG feature is not needed if RAN2 define new UE capability to indicate the supported NCSG patterns. 
Proposal 3: The framework similar to NeedForGap signalling can be used for NR NCSG feature to report per-band gap requirement. 
Proposal 4: Introduce new IEs (e.g. NeedForGapsInfoNR-r17) for NR NCSG feature to report three different capabilities (i.e. ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’) to NW.  
Proposal 5: Both intraFreq-needForGap and interFreq-needForGap capability should be supported for NCSG.  
Proposal 6: RAN2 to decide whether to extend the dynamic NeedForGap framework to support inter-RAT E-UTRAN measurement for NCSG.  
Proposal 7: RAN2 de-prioritize the support of NCSG in EN-DC, NE-DC and NR-DC in R17.
Proposal 8: NW can configure the per-UE or per-FR NCSG patterns to UE based on the supported NCSG pattern capability and per-FR gap capability reported by UE.
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