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1. Introduction
In RAN4#100e network controlled small gap design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the NCSG design with focus on the open issues listed in [1].
2. Discussion
We will discuss the open issues following the orders in the approved WF [1].
1) NCSG in FR2
· Agreement:
· NCSG in FR2 shall be considered in this WI. How to indicate support of NCSG in FR2 is FFS.
As discussed in the last RAN4 meeting, the support of NCSG is somehow related to the support of IBM in FR2. Specifically, besides a spare RF chain, IBM is also necessary for UE to support NCSG in FR2. Note that IBM is a CA feature, which is reported per BC:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	beamManagementType-r16
Indicates the supported beam management type for inter-band CA within FR2. Beam management type can be independent beam management (IBM) or common beam management (CBM).

In this release of the specification, the UE shall only report value of 'ibm'.
	BC
	Yes
	TDD only
	FR2 only


IBM operation within a FR2 band is not supported in R16, which is also reflected in scheduling restriction requirements in RRM specification. Therefore, if NCSG is used in FR2, it can only be used for inter-band measurement. For instance, UE is working in n258 + n259 CA and IBM is supported in this combo. When measuring n258 with NCSG, interruption on serving cells on n259 is VIL1+VIL2, while interruption on other serving cells on n258 would be VIL1+VIL2+ML. This means NCSG only applies on serving cells on other bands, while for serving cells which are on the same band as the MO, the NCSG doesn’t apply. The interruption on the later serving cells is same or even longer (if VIL1+VIL2+ML>MGL) than legacy MG. 
[image: Graphical user interface, application, website

Description automatically generated]
Figure 1 UE with inter-band FR2 CA
Therefore, NCSG has to be per-CC configured in this case. However, RAN4 already concluded that per-CC gap is not considered in this release. 
[bookmark: _Ref85536582]Observation 1: in FR2, since neither per-CC gap nor IBM operation within a band is supported, NCSG cannot be used if UE is configured with inter-band CA.
Even if UE is not working in inter-band CA, we will face the similar issue if UE is configured with inter-band inter-frequency MO and intra-band inter-frequency MO:
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Figure 2 UE without inter-band FR2 CA
[bookmark: _Ref85536585]Observation 2: even if UE is not working in inter-band CA, NCSG cannot be used if UE is configured with inter-band MO and intra-band gap-based MO. 
[bookmark: _Ref85536588]Observation 3: even if UE supports IBM, the use case of NCSG in FR2 is still quite limited. It can only be used when UE is not working in inter-band CA and there is only inter-band inter-frequency MO and no any intra-band MO which is gap-based such as intra/inter-frequency measurement with gap.
Note that the MO can be dynamically (de-)configured. However, most likely UE can only report the capability regarding support of NCSG upon NW inquiry. The capability won’t be dynamically updated. If we follow similar approach of NeedForGap, the support of NCSG will be reported based on CA/DC configuration (most likely before MO is configured). 
[bookmark: _Ref85536591]Observation 4: support of NCSG in FR2 depends on CA/DC configuration and the configured MO. However, MO can be dynamically updated, while UE capability indicating support of NCSG will be reported based on CA/DC configuration (most likely before CA/DC configuration).
[bookmark: _Ref85536597]Proposal 1: given the observations above, RAN4 postpones NCSG in FR2 to future release. 

2) Use case for different types of measurement with NCSG
· Agreement:
· Confirm the agreements in RAN4#99e that NCSG can be used for:
· Measurement on de-activated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· It is FFS whether NCSG can be used for measurement on dormant SCell.
· It is FFS whether NCSG can be used for CSI-RS based inter-frequency measurement with gap.
· NCSG will not be used for 2G/3G measurements and PRS measurements.
For dormant SCell, UE needs to perform legacy RRM and CQI measurement. Note that CQI measurement is quite flexible. CSI-RS for CQI measurement may not be aligned with any gap pattern. 
Regarding NCSG for CSI-RS inter-frequency measurement, we would like to postpone this to future release, given that so far all CSI-RS inter-frequency measurement has to be done within measurement gap. RAN4 can revisit this once CSI-RS inter-frequency measurement w/o gap is supported.
[bookmark: _Ref85536601]Proposal 2: NCSG for measurement on dormant SCell is not considered in this work item.
[bookmark: _Ref85536603]Proposal 3: NCSG for CSI-RS based inter-frequency measurement with gap is not considered in this work item.

3) Use case for different UE capability and network configuration
· Open issues:
· Option 1: RAN4 to define UE measurement requirements with different UE capabilities and NW configurations as in the following table:
	                 NW config
UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: 
MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG


	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed


	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG
	Measurement outside MG


· Option 2: other solutions are not precluded.
In our view we think it is beneficial to allow UE reporting different capabilities as mentioned in option 1 for different BC. UE behavior in the table under option 1 in generally fine if only one measurement gap is configured. However, if multiple concurrent gap patterns are considered, the expected UE measurement behaviors may need to be revisited.
[bookmark: _Ref85536605]Proposal 4: allow UE reporting different capabilities (gap, no-gap-with-interruption, no-gap-no-interruption) for different BC. UE measurement under concurrent gaps need to be defined if NCSG + concurrent gaps are supported in this work item.

4) Other applicability issues
· Agreement:
· RAN4 to clarify whether to allow NCSG to be supported with NRDC and NEDC as well.
· Open issues:
· FFS: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
· FFS: Related to NCSG applicability and UE capability support: if UE supports NCSG, it is mandated to support MG patterns from per-UE gap patterns #0, #1, #4-9 for NCSG usage. In case UE supports NCSG and per-FR gap patterns, indicating this via capability, it is mandated to support also per-FR gap patterns #12-19 in FR2 for NCSG usage.
· FFS: NCSG can be configured simultaneously with legacy MG pattern.
· FFS: NCSG can be pre-configured and will reuse the activation/deactivation mechanism developed for pre-configured measurement gaps.
· FFS: NCSG can be configured and activated together with concurrent measurement gaps.
Applicability of NeedForGap defined in RAN2 is: The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured. However, from RAN4 perspective, if NeedForGap can be supported in SA and EN-DC then it should also be supported in NR-DC and NE-DC. 
In general, we support the content behind the first FFS: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
For the second FFS, we don’t think it is necessary to mandate so many patterns, especially for ones which are optional in R15/16.
As for the rest FFS regarding hybrid operations among pre-MG, concurrent gaps and NCSG, we are open to discuss. However, it seems not realistic for RAN4 to complete all the hybrid operations in this work item considering core completion is March 2022. Nevertheless, we do expect RAN2 to take hybrid operations into account in RRC signalling design for forward compatibility.
[bookmark: _Ref85610681]Proposal 5: from RAN4 perspective, NCSG can be supported in NR-DC and NE-DC as well.
[bookmark: _Ref85536608]Proposal 6: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
[bookmark: _Ref85536612]Proposal 7: RAN4 shall conclude whether hybrid operation among pre-MG, concurrent gaps and NCSG is supported in R17 in this meeting.
[bookmark: _Ref85536614]Proposal 8: ask RAN2 to take hybrid operations into account in RRC signalling design for forward compatibility.

5) whether to define separate NCSG patterns for sync and async
· Open issues:
· Option 1: yes
· Option 2: no
· Option 3: different patterns in FR1 but same patterns in FR2
· Option 4: FFS
It depends on how NCSG patterns are defined. We will discuss this in the next issue.

6) whether to consider VIL as a part of NCSG pattern
· Option 1:
· NOT consider VIL as a part of NCSG pattern, i.e. only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements (similar to Table 9.1.2-4 in TS38.133).
· Option 2:
· Keep VIL as a part of the NCSG pattern.
Option 1 is the compromised solutions proposed by us in the last meeting. We found that RAN4 almost had common understanding on how the interruption is in NCSG. However, different companies may have different understanding of the terminologies such VIL, RRT and etc. To simplify discussion, we support option 1 to align understanding among companies. If option 1 is agreeable, we don’t need to define different patterns for sync and async scenarios. 
[bookmark: _Ref85536619]Proposal 9: NOT consider VIL as a part of NCSG pattern, i.e. only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements (similar to Table 9.1.2-4 in TS38.133).
[bookmark: _Ref85536622]Proposal 10: no need to define separate NCSG patterns for sync and async. Different VIL shall be defined separately for sync and async.

7) relation between ML, MGL and RRT
· Open issues:
· Option 1: ML = MGL – 2*RRT
· Option 1a: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL
· Option 1b: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL, if VIL is defined as the number of interrupted slots
· Option 1c: ML = MGL - RRT1 - RRT2
· Option 2: ML + VIL1 + VIL2 = MGL
· Option 2a: ML = MGL – VIL1 – VIL2, if VIL is defined as the absolute time 
· Option 3:
· Step 1: Define MLNCSG from legacy gap patterns by MLNCSG = MGLlegacy – 2*RRTlegacy, e.g.,
· Gap patterns 0-11: MLNCSG = MGLlegacy – 1 (ms)
· Gap patterns 12-23: MLNCSG = MGLlegacy – 0.5 (ms)
· Step 2: Define RRTNCSG before and after MLNCSG in FR1 and FR2 
· Handled by Issue 3-5, e.g., same or longer than RRTlegacy.
· Step 3: Define MGLNCSG as MLNCSG + 2* RRTNCSG.
· Step 4: Define VIL
· Handled by Issue 3-4
If RAN4 can agree on proposal 8 above, it would be easier to move forward. We don’t have strong view on whether RRT needs to be defined. In our view the more important issue here is where to put the VIL:
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Figure 3 relation between ML, VIL, RRT and MGL
As some companies mentioned in the last RAN4 meeting, absolute time for VIL may be longer that legacy RRT since switching on a RF chain requires longer time than tuning it away from one frequency to another. We are open to this. If so, then NCSG option 2 in above figure seems better than option 1 given that interruption length is same for option 1 and 2 but actual measurement time during ML is longer in option 2.
[bookmark: _Ref85536626]Proposal 11: ML + VIL1 + VIL2 > MGL.

8) impact from RTD
· Open issues:
· FFS: RAN4 to further discuss how to address RTD between time reference cell and victim cell.
No strong view. Note that this factor is not considered in legacy gap interruption design.

9) UL slot after VIL1
· Open issues:
· FFS: RAN4 to further discuss how to address UL slot immediately after VIL1 in the interruption requirements.
RAN4 already had agreement on how to handle UL slot after VIL2. We propose to follow the same methodology.

10) whether additional NCSG capability for per-UE and per-FR differentiation is needed on top of existing per-UE and per-FR capability
· Open issues:
· Option 1: no.
· Option 2: yes. Introduce per BC indication of per FR NCSG in Rel-17. The discussion can be postponed till progress is made towards per BC indication for per FR UE capability.
We don’t see the necessity to discuss this further in this work item. If 3GPP decides to update the existing per-FR capability, e.g. make it per BC reporting, NCSG can still inherit such change. Therefore, no dedicated NCSG capability is needed for per-UE and per-FR differentiation.
[bookmark: _Ref85536629]Proposal 12: no dedicated NCSG capability is needed for per-UE and per-FR differentiation.
For the rest issues listed under UE capability and network configuration of NCSG, we prefer to leave it to RAN2.

11) CSSF design
· Open issues:
· Option 1: define a new CSSF dedicated for NCSG measurement
· Option 2: When NCSG is configured, for a frequency layer that can be measured without MG, Kp = 1/(1- (SMTC period /VIRP)) applies when SMTC period < VIRP; when SMTC period >= VIRP, the frequency layer should be measured within NCSG and be accounted in the CSSF calculation.
· Other options are not precluded.
In general option 1 is OK. But if RAN4 wants to consider hybrid operation among pre-MG, concurrent gaps and NCSG, then extra work is expected.
[bookmark: _Ref85536632]Proposal 13: define a new CSSF dedicated for NCSG measurement. If hybrid operation among pre-MG, concurrent gaps and NCSG is considered, then extra work is expected.

12) requirements for interruption due to NCSG based measurement on deactivated SCC
· Open issues:
· Option 1: existing requirements shall be revisited
· Option 2: FFS
In our view, if NCSG is used for measurement deactivated SCC, then interruption shall only be allowed within VIL. That means existing interruption requirements, which is based on short autonomous gap, are not applicable for NCSG.
One another issue we would like to highlight is that if NCSG is only used for measurement on deactivated SCC, then certain optimization is needed, since measCycleSCell can be up to 1280sf while the longest VIRP is only 160ms. If measCycleSCell is much longer than VIRP, we will suffer from even more interruption compared with legacy solution. To address this, we have consider the following solutions
· Alternative A: introduce additional NCSG pattern with longer VIRP
· Alternative B: automatically update the periodicity of NCSG from VIRP to measCycleSCell. No any other interruption is allowed excepted VIL according to the ‘new’ VIRP.
We are open for further discussion.
[bookmark: _Ref85536635]Proposal 14: if NCSG is used for measurement deactivated SCC, then interruption shall only be allowed within VIL.
[bookmark: _Ref85536639]Proposal 15: optimization is needed if NCSG is only used for measurement on deactivated SCC, since measCycleSCell can be up to 1280sf while the longest VIRP is only 160ms. Details can be further discussed.

13) LS to RAN2
As the core part of this WI is to be completed in March 2022, RAN4 shall inform RAN2 with agreement on NCSG design in this meeting. So we would like to discuss the necessary information needed for RAN2. 
[bookmark: _Ref85611324]Proposal 16: RAN4 shall inform RAN2 with RAN4 agreement regarding NCSG design.
A draft LS is provided in the appendix, which is based on the agreements by the last meeting. It will be updated after this meeting.

3. Conclusion
In this contribution, we further discuss the NCSG design. After discussion the following conclusions are provided: 
Observation 1: in FR2, since neither per-CC gap nor IBM operation within a band is supported, NCSG cannot be used if UE is configured with inter-band CA.
Observation 2: even if UE is not working in inter-band CA, NCSG cannot be used if UE is configured with inter-band MO and intra-band gap-based MO.
Observation 3: even if UE supports IBM, the use case of NCSG in FR2 is still quite limited. It can only be used when UE is not working in inter-band CA and there is only inter-band inter-frequency MO and no any intra-band MO which is gap-based such as intra/inter-frequency measurement with gap.
Observation 4: support of NCSG in FR2 depends on CA/DC configuration and the configured MO. However, MO can be dynamically updated, while UE capability indicating support of NCSG will be reported based on CA/DC configuration (most likely before CA/DC configuration).
Proposal 1: given the observations above, RAN4 postpones NCSG in FR2 to future release.
Proposal 2: NCSG for measurement on dormant SCell is not considered in this work item.
Proposal 3: NCSG for CSI-RS based inter-frequency measurement with gap is not considered in this work item.
Proposal 4: allow UE reporting different capabilities (gap, no-gap-with-interruption, no-gap-no-interruption) for different BC. UE measurement under concurrent gaps need to be defined if NCSG + concurrent gaps are supported in this work item.
Proposal 5: from RAN4 perspective, NCSG can be supported in NR-DC and NE-DC as well.
Proposal 6: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
Proposal 7: RAN4 shall conclude whether hybrid operation among pre-MG, concurrent gaps and NCSG is supported in R17 in this meeting.
Proposal 8: ask RAN2 to take hybrid operations into account in RRC signalling design for forward compatibility.
Proposal 9: NOT consider VIL as a part of NCSG pattern, i.e. only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements (similar to Table 9.1.2-4 in TS38.133).
Proposal 10: no need to define separate NCSG patterns for sync and async. Different VIL shall be defined separately for sync and async.
Proposal 11: ML + VIL1 + VIL2 > MGL.
Proposal 12: no dedicated NCSG capability is needed for per-UE and per-FR differentiation.
Proposal 13: define a new CSSF dedicated for NCSG measurement. If hybrid operation among pre-MG, concurrent gaps and NCSG is considered, then extra work is expected.
Proposal 14: if NCSG is used for measurement deactivated SCC, then interruption shall only be allowed within VIL.
Proposal 15: optimization is needed if NCSG is only used for measurement on deactivated SCC, since measCycleSCell can be up to 1280sf while the longest VIRP is only 160ms. Details can be further discussed.
Proposal 16: RAN4 shall inform RAN2 with RAN4 agreement regarding NCSG design.
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1	Overall description
RAN4 is working on NCSG design in R17 NR and MR-DC measurement gap enhancements and has reached the following agreements:

· Scenarios and Use cases:	Comment by Qiming Li: To be updated after email discussion.
· NCSG can be used for
· Measurement on de-activated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· NCSG will not be used for 2G/3G measurement and PRS measurement.
· NCSG pattern:
· Define NCSG patterns corresponding to legacy patterns #0~#23
· A subset of mandatory NCSG patterns for UEs supporting NCSG will be defined. FFS on the set of mandatory NCSG patterns.
…

2	Actions
To RAN WG2 
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account in NCSG signalling design. 

3	Dates of next TSG RAN WG4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG RAN WG4 Meeting #101-bis-e					Jan 17 – 25, 2022									Electronic Meeting
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