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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].
Issue 1-1: NCSG for CSI-RS based inter-frequency measurement with gap 
Agreement:
· FFS: whether NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17.
Considering gap-less CSI-RS L3 inter-freq measurement is not supported yet, we don’t it is essential to support NCSG based CSI-RS L3 inter-freq measurement. Existing SSB based inter-frequency measurement could be an good example. In R15 SSB based inter-frequency is always done with gap. Technically speaking, if target SSB can be covered by UE active BWP with same SCS, UE can also measure it w/o gap. However, due to limited time, somehow this is not supported in R15. In R16 SSB based inter-freq measurement w/o gap was introduced. There are new UE capability and network signaling to control such measurement. Similarly, CSI-RS based L3 inter-frequency measurement w/o gap is not supported yet. In future this type of measurement may be supported. We assume there may also be new UE capability or even new NW signaling to control it, which depends future study. But here we are just trying to not mix these two functionalities. 
On the other hand, as also pointed out by some companies, we don’t have too much time left before core part completion. RAN4 should prioritize SSB over CSI-RS L3 measurement at current stage.
[bookmark: _Ref92224601]Proposal 1: NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.

Issue 1-2: NCSG for dormant SCell
Agreement:
· NCSG for CQI measurement for dormant Scell is not supported in R17. FFS for RRM measurement for dormant SCell.
From RRM measurement perspective, measurement on dormant SCell is similar with that on deactivated SCell. Since NCSG for deactivated SCell has been agreed to be supported. We see no problem to use NCSG for RRM measurement for dormant SCell.
[bookmark: _Ref92224617]Proposal 2: NCSG for RRM measurement for dormant SCell is supported in R17.

Issue 1-3: NCSG under NE-DC and NR-DC
Agreement:
· Feasibility from requirement perspective of NCSG in EN-DC, NE-DC and NR-DC is FFS.
NCSG in SA has been confirmed in previous RAN4 meetings. Regarding NCSG support in DC, whether UE can support NCSG also depends on whether there is spare RF chain and BB resource to simultaneously process data from serving cells and conduct measurement on target cell. The availability of spare RF chain may change from time to time following e.g. SCell activation/deactivation, which is handled via MAC layer procedure. However, information exchange between MN and SN is on RRC level, which may not be able to timely reflect the availability of spare RF chain. 
On the other hand, NeedForGap in EN-DC, NE-DC and NR-DC is not supported in RAN2. If NCSG for DC is to be supported, RAN2 may have to design new Xn interface signaling, which will result in additional workload. Considering the limited timeline, we propose not to consider DC in this release.
[bookmark: _Ref92224625]Proposal 3: NCSG in EN-DC, NE-DC and NR-DC is not considered in R17.

Issue 1-5: NCSG in FR2
Agreement:
· NCSG is applicable in FR2 
· Option 1: NCSG is applicable only when the following conditions hold
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.
· UE has a spared chain for target cell measurement
· FFS for additional conditions
· Option 2: No additional conditions are required
· Option 3: Additional network assistance is introduced to enable NCSG in FR2
As discussed in previous RAN4 meetings, 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. 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 for 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, and legacy gap is needed for gap-based MO. 
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Figure 1 UE with inter-band FR2 CA
[bookmark: _Ref85536582]However, most likely the support of NCSG is reported before MO configuration (following LTE BC related capability reporting, or NR NeedForGap capability reporting). UE may have to assume there will be gap-based MO on n259 when reporting UE capability w.r.t. NCSG support.
[bookmark: _Ref92224690]Observation 1: most likely the support of NCSG is reported before MO configuration. UE may have to assume there will be gap-based MO when reporting NCSG capability. Therefore, UE can neither report ‘no-gap-no-ncsg’ nor ‘ncsg’ for the band on which there is at least one serving cell.
It was agreed in the last RAN4 meeting that the reporting granularity of NCSG support is per band in a band combination:
	Issue 3-1: how to indicate support of NCSG
Agreement:
· 3-1-1: how to indicate UE capability to support of NCSG feature before NW inquiring
· Introduce a general UE capability for support of NCSG 
· 3-1-2: how indicate the support of NCSG
· UE can report three different capabilities: ‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’ 
· 3-1-3: NCSG support reporting granularity 
· Per band in a band combination for inter-frequency measurement (same granularity as NeedForGap)
· 3-1-4: whether to use RRCReconfigurationComplete based framework
· Up to RAN2


For the example in Figure 1, UE shall report ‘gap’ for both n258 and n259. For the following example in Figure 2, UE would report ‘no-gap-no-ncsg’ or ‘ncsg’ (depending on UE implementation) for n259, and ‘gap’ for n258. 
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Figure 2 UE without inter-band FR2 CA
[bookmark: _Ref85536585]From network configuration perspective, since per-CC or per-band gap is not supported in R17 NW can only configure either NCSG or legacy gap for the UE if NCSG + concurrent gaps is not considered in RAN4 requirements. Therefore, NW can configure NCSG for the UE if all MOs on n259 don’t require legacy gap, which NW can configure gap for the UE if some MO(s) on n259 require legacy gap.
Based on the above analysis, conditions under option 1 are technically correct, such as: 
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.
· UE has a spared chain for target cell measurement
Even though it was agreed in the last RAN4 meeting that the reporting granularity of NCSG support is per band in a band combination, we prefer to capture above conditions in our spec since this would impact on the scheduling restriction design. For instance, if the first bullet is agreed, then most of the existing scheduling restriction requirement for inter-band inter-frequency measurement can be reused. However, if it is not agreed, i.e. NCSG can be configured even if there is serving cell(s) on the same, then existing scheduling restriction cannot be reused. New scheduling needs to be introduced to allow UE skipping data during NCSG since measuring neighbour cell and doing data with serving cell require different beams, while IBM operation on the same band is not supported yet.
[bookmark: _Ref92224713]Observation 2: it is important to specify conditions under which NCSG is feasible in FR2, which would impact the scheduling restriction design.
Therefore, we propose to capture the conditions with some modification in RAN4 spec:
[bookmark: _Ref92224641]Proposal 4: for a target band, UE can indicate support of NCSG when the following conditions are met:
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.


Issue 2-6: On top of #0 and #1, whether additional NCSG gap patterns shall be mandatorily supported if UE supports NCSG.
Agreement:
· NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported if UE supports NCSG. 
· FFS on whether other NCSG patterns are mandatorily supported.
· FFS on whether existing gap applicability in Rel-16 for NR-only measurement can apply for NCSG.
A R17 UE which supports NCSG shall also support all the mandatory legacy gap patterns defined in R16. Technically, we think the UE can also support the NCSG patterns which correspond to the mandatory legacy gap patterns. However, it is important to keep the gap applicability for NR-only measurement, to minimize the impact on features. Conservatively, we prefer to keep only #0 and #1 as mandatory NCSG pattern.
[bookmark: _Ref92224645]Proposal 5: Keep only #0 and #1 as mandatory NCSG patterns. If other mandatory patterns are considered, existing gap applicability for NR-only measurement shall still apply.

Issue 3-2: NW configuration and corresponding UE behaviour 
Agreement:
· Option 1: 
	           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 Measurement within MG

	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG Measurement within NCSG with only NCSG interruption allowed
	Measurement outside MG Measurement within MG


· Option 2: 
	                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 3: FFS 
First, according to agreements under issue 3-1 in the last RAN4 meeting, case 2 shall be updated to ‘ncsg’. Then let’s look at the difference between option 1 and 2.
The first difference is for case 2/c, wherein UE supports NCSG while NW configures legacy gap. Both option 1 and 2 propose to let UE measure it with legacy MG, which is reasonable to us. Difference is in option 2, it is further clarified that only legacy gap interruption allowed. We think it is also reasonable assumption.
The second difference is for case 3/b, wherein UE support measurement w/o gap/interruption and NW configures NCSG for the UE. Option 1 proposes to let UE measure it within NCSG while option 2 proposes to let UE measure it outside NCSG. Honestly, we don’t observe huge difference between measuring within and outside NCSG. However, option 1 proposes to allow NCSG interruption, which is unnecessary since UE won’t cause any interruption for this case. Otherwise, UE shall report case 2 rather than case 3.
The third difference is for case 3/c, wherein UE support measurement w/o gap/interruption and NW configures MG for the UE. This is similar the case 3/b, and also similar to interFrequencyMeas-NoGap-r16. We don’t see huge difference between measuring it within or outside MG, since it will share the measurement opportunity either with layers which are measured within gap or layers which are measured outside gap.
Therefore, option 2 is OK for us. Alternatively, we can also introduce a similar flag (as interFrequencyConfig-NoGap-r16) to let NW decide whether UE shall measure it with or without gap.
[bookmark: _Ref92224649]Proposal 6: NW configuration and corresponding UE behaviour is option 2a:
	                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 ncsg
	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
	Option 1: Measurement outside NCSG
Option 2: introduce a new flag (similar to interFrequencyConfig-NoGap-r16) to let NW decide whether to measure with or without NCSG.
	Option 1: Measurement outside MG
Option 2: introduce a new flag (similar to interFrequencyConfig-NoGap-r16) to let NW decide whether to measure with or without NCSG.



Issue 3-3: Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap
Agreement:
· Option 1: No 
· Option 2: Define a per BC indication for per FR NCSG. 
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: _Ref92224654]Proposal 7: no dedicated NCSG capability is needed for per-UE and per-FR differentiation.

Issue 4-2: scheduling restriction 
Agreement:
· Scheduling restriction in FR1:
· Option 1: 
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply except that all symbols in SMTC windows are restricted. 
· For inter-frequency measurement and the target carrier and the serving cell are in different bands, all symbols in SMTC windows are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.
· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.
· Option 2: 
· For intra-frequency measurement, existing scheduling restriction requirements apply. 
· For inter-frequency measurement and the target carrier and the serving cell are in same band, existing scheduling restriction requirements apply 
· For inter-frequency measurement and the target carrier and the serving cell are in different bands, SSB symbols to be measured are restricted when scheduling restrictions apply, and whether scheduling restrictions apply depends on UE capability.
· SSB symbols to be measured are the SSB symbols indicated by SSB-ToMeasure, if it is configured; otherwise, all L SSB symbols within the SMTC window duration
· NW should be informed whether UE needs scheduling restriction or not for a combination of an inter-frequency target carrier and a serving cell.
· Scheduling restriction in FR2: FFS
According to both option 1 and 2, most of the existing scheduling restriction can be reused. Compared to option 1, option 2 seems closer to existing scheduling restriction. We are open for discussion. However, as discussed in observation 3 above, it is important to discuss the conditions under which NCSG is feasible in FR2, since it would ipact on scheduling restriction design.
[bookmark: _Ref92224663]Proposal 8: RAN4 shall consider the conditions under which NCSG is feasible in FR2 when discussing scheduling restriction in FR2.

Issue 5-2: transformation between NCSG and legacy gap 
Agreement:
· It is FFS whether to define transformation between NCSG and legacy gap. 
· Note: Companies are encouraged to provide more input in the next meeting, covering the purpose of such transformation, triggering mechanism (such as RRC or MAC-CE) and etc.
In our view, RRC based transformation between NCSG and legacy gap is not that necessary, since RRC can already change all the configuration. NW can cancel the NCSG and configure legacy gap in the same RRC, and vice versa. Regarding MAC-CE based transformation, we can see some use case. For instance, once UE needs to perform positioning related measurement, legacy gap is needed since it has already been agreed in the last RAN4 meeting that NCSG cannot be used PRS measurement. Using MAC-CE to transform NCSG to legacy gap for PRS measurement can increase efficiency to some extent. However, considering limited time left for this work item, it may be challenging to complete the whole design. 
[bookmark: _Ref92224743]Observation 3: RRC based transformation between NCSG and legacy gap is unnecessary.
[bookmark: _Ref92224749]Observation 4: MAC-CE based transformation between NCSG and legacy gap can bring efficiency to some extent. However, considering limited time left for this work item, it may be challenging to complete the whole procedure.

Issue 5-3: Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns
Agreement:
· Option 1: No 
· Option 2: yes 
The mapping table can be used for transformation between NCSG and legacy gap, which can be further discussed once issue 5-2 is concluded. Besides, the table can also be used for facilitating discussion. For instance, when discussing the mandatory NCSG pattern, RAN4 agreed in the last meeting that #0 and #1 are mandatory. Actually, exact patterns for #0 and #1 have not been defined yet. Nevertheless, it is common understanding that NCSG #0 and #1 correspond to legacy pattern #0 and #1. Since RAN4 is supposed to discuss NCSG pattern in this meeting, there is no need to explicitly define a mapping table just for this purpose.
[bookmark: _Ref92224667]Proposal 9: a mapping table between legacy measurement gap patterns and corresponding NCSG patterns can be further discussed once RAN4 reaches consensus on whether to introduce such transformation.

3. Conclusion
In this contribution, we further discuss the NCSG design. After discussion the following conclusions are provided: 
Proposal 1: NCSG for CSI-RS based inter-frequency measurement with gap is not supported in R17.
Proposal 2: NCSG for RRM measurement for dormant SCell is supported in R17.
Proposal 3: NCSG in EN-DC, NE-DC and NR-DC is not considered in R17.
Observation 1: most likely the support of NCSG is reported before MO configuration. UE may have to assume there will be gap-based MO when reporting NCSG capability. Therefore, UE can neither report ‘no-gap-no-ncsg’ nor ‘ncsg’ for the band on which there is at least one serving cell.
Observation 2: it is important to specify conditions under which NCSG is feasible in FR2, which would impact the scheduling restriction design.
Proposal 4: for a target band, UE can indicate support of NCSG when the following conditions are met:
· The serving cell(s) and the target cell are on different bands.
· UE is performing IBM on the serving cell band and the target cell band.
Proposal 5: Keep only #0 and #1 as mandatory NCSG patterns. If other mandatory patterns are considered, existing gap applicability for NR-only measurement shall still apply.
Proposal 6: NW configuration and corresponding UE behaviour is option 2a:
Proposal 7: no dedicated NCSG capability is needed for per-UE and per-FR differentiation.
Proposal 8: RAN4 shall consider the conditions under which NCSG is feasible in FR2 when discussing scheduling restriction in FR2.
Observation 3: RRC based transformation between NCSG and legacy gap is unnecessary.
Observation 4: MAC-CE based transformation between NCSG and legacy gap can bring efficiency to some extent. However, considering limited time left for this work item, it may be challenging to complete the whole procedure.
Proposal 9: a mapping table between legacy measurement gap patterns and corresponding NCSG patterns can be further discussed once RAN4 reaches consensus on whether to introduce such transformation.
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