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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, a WF for Network Controlled Small Gap was approved [1]. 
	Scenarios and use cases
· The use cases of NR NCSG can be similar as these of LTE
· The specific use cases can be FFS
· Whether the usage of per-CC gap can be FFS
· NCSG supports both synchronous/asynchronous operation
· FFS on whether to define separate NCSG patterns for sync and async needs more discussion
UE behavior within NCSG
· Same as UE within LTE NCSG, that is
· During VIL1/VIL2 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· During ML UE is expected to transmit and receive data on the corresponding serving cell(s).
NCSG pattern
· The general NCSG design principle :
· FFS on which legacy patterns in Rel16 can be reused for NCSG
· Option 1. All 26 NCSG patterns in Rel16
· Option 2 Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.
· Option 2a : reuse part of the legacy MG patterns with long MGL, e.g., gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2.
· Option 2b : NR gap patterns #0~23 .
· Option 2c :  RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements
· VIL: FFS on whether VIL shall be defined as the equivalent time of the interrupted slots or, equals to absolute RF retuning time defined in Rel-15
· FFS: depending on numerology
· ML: If legacy gap pattern can be reused for NCSG, we can assume that MGL= VIL1+ML+VIL2 
· VIRP: If legacy gap pattern can be reused for NCSG, VIRP = MGRP of legacy MG
· FFS on Per-UE/Per-FR NCSG applicability
· Option 1 : NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap.
· Option 2: Support both per FR and per UE NCSG patterns
NCSG configuration
· FFS on Implicit or explicit configuration of NCSG
· Option 1. UE may assume the implicit and explicit configurations of NCSG are not concurrently activated.
· Implicit activation of NCSG means UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
· Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
· Option 2. NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.
· FFS on Number of NSCG patterns configured
· Option 1. RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements
Impacts on RRM requirements due to NCSG
· FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 1a. for UE supporting per-FR gap, VIL is allowed only on the serving cell in the same FR wherein there is NCSG operation. Otherwise, VIL is allowed on all serving cells.
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Requirements related to MGTA and impact to UL transmission follow Rel-15.
· FFS on Per-UE or Per-FR capability support 
· Option 1:per UE and per FR NCSG for RRM measurement needs the specific UE capability.
Measurement applicability
· FFS: whether NCSG can be configured simultaneously with legacy gap pattern
· FFS on RF combination limitation
· FFS on Rx beam limitation
· FFS on searcher limitation
· RAN4 needs to further investigate the scheduling and measurement restriction between serving cell L1 measurement, intra-frequency measurements and inter-frequency measurements for NCSG
Specification impacts  
· FFS on Which clause can be used to include NCSG pattern in 38.133
· Option 1: Similar section for defining NCSG patterns can be introduced in the 38.133 section 9.1.2 Measurement capability.
· Option 2: NCSG patterns can be introduced in the 38.133 in a separate (dedicated) section
Signaling
· FFS on How to consider the relation between NCSG and ‘NeedForGap’?
· Option 1: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equaling NCSG.
· Option 2: The “NeedForGap” signaling structure can be reused for NR NCSG as a start point
· Other options not precluded.
· FFS on NW configuration signaling e.g gp-ncsg0/1…/n like LTE.
· Note: regardless of the selected option, decision will involve RAN2 feedback
 


In this paper, we will further discuss the detail for Network Controlled Small Gap. 
2 Backgrounds 
In last meeting, there were some discussions on the use case for NCSG in NR Rel-17. From our understanding, the similar use case in LTE can be applied except the per-CC gap usage. In this Rel-17 WI, the per-CC gap is out of scope. Thus, RAN4 also should not consider per-CC scenario in NCSG. 
[bookmark: _Ref67562210]Proposal 1: Do not consider per-CC scenario for NCSG in Rel-17.
[bookmark: _Ref67562214]Proposal 2: The use cases for NCSG in NR are as follow.
· Enable measurement on target frequency layers with interruption controlled on activated CC
· Reduce interruption rate due to deactivated SCell measurement
Enable measurement on unused RF chains
[bookmark: _Ref54117246]When UE supports CA/DC, UE may have additional RF chains which are not been configured. These additional RF chains can be used to perform measurements. Measurements for target intra-frequency with MG, inter-frequency or Inter-RAT may not need MG once UE supports corresponding band combination and has additional RF chains for measurements. Although no measurement gap is needed, the additional interruption is still there due to RF power on/off before or after the measurement occasions, such as SMTC window.
[bookmark: _Ref61202957]Proposal 3: Intra-frequency measurements with MG, inter-frequency measurements with MG or inter-RAT measurements may use NCSG instead of MG when UE supports the corresponding band combination and has additional RF chains for measurements.
3 Relation between NCSG and ‘NeedForGap’
In NR Rel-16, a ‘NeedForGap’ mechanism was introduced without RAN4 requirements. The UE can report whether it supports ‘no gap’ measurement in specific bands under its current band combination. When UE reports ‘no gap’ for some specific bands, it means measurement gap is unnecessary on these bands. 
In our understanding, NCSG is similar as ‘NeedForGap’ with interruption allowed. When UE supports NCSG for some specific bands, it implies measurement gap is unnecessary but interruption is still needed for measurement on these bands. It’s more practical to permit the limited interruption for UE to switch ON/OFF or re-tune the RF when measuring the inter-frequency MOs with spare RF chains. 
In Rel-16, UE can reports whether it supports ‘no gap’ for a target band under current CA band combinations. For example, the UE will report its capability for ‘NeedForGap’ as follow. B1 and B2 are bands with the active serving cells. B4 or B5 can be measured without gap when the active serving cells belong to B1+B2. (‘0’: gap is not needed, ‘1’: gap is needed). 
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1+B2 (Pcell+Scell)
	1
	0
	1
	1
	0
	0


[bookmark: _Ref61202961]When NCSG is introduced, we can just re-use this NeedForGap reporting structure for NCSG and add a new component ‘NCSG’ (e.g., ‘2’: NCSG), instead of creating a brand new UE capability reporting. The benefits for doing this are
· Leverage the dynamic UE capability reporting framework of NeedForGap to reduce the UE capability overhead, which is the main problem we see in LTE reporting.
· Aggregate all gap-less related reporting in one piece of IE. So that 3GPP can avoid all the lengthy discussions on how to handle the inconsistency between 2 separate UE capabilities.  
[bookmark: _Ref61447682]Proposal 4: Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signalling structure with a new component ‘NCSG’. 
4 NCSG pattern
VIL definition
In NR, RAN4 had already defined the RF switching time is 0.5ms for FR1 and 0.25ms for FR2. Thus, we can define the interruption length caused by RF retuning as 0.5ms for FR1 and 0.25ms for FR2 directly. In legacy LTE, the NCSG pattern is defined by the overall interruption slots, but this design is not suitable for NR now. In NR, due to multiple numerologies and more gap patterns, if we define the NCSG patterns by reusing the LTE definition, it will introduce lots of redundant parameters reporting together even if the absolute RF retuning time is always the same. Actually, the essential UE operations are still 1) re-tune the RF frequency and 2) do the measurement during NCSG. Thus, to simplify the NCSG reporting mechanism and reuse the Rel-15 MG patterns reporting as much as possible, we suggest to directly use absolute RF retuning time (RRT) to define the NCSG patterns. 
[bookmark: _Ref67562240][bookmark: _Ref67573361]Proposal 5: Introduce absolute RRT (RF retuning time) to replace VIL in NCSG pattern definition. RRT is 0.5ms in FR1 and 0.25ms in FR2, occurring in the beginning and the end of NCSG. 
[bookmark: _Ref67573364]Proposal 6: VIL is the interrupted slots on active serving cells and is defined by following R15 measurement interruption rule which depends on both
· Victim cell SCS and Aggressor reference cell RRT, and
· Sync and Async. deployment
While RRT is victim cell agnostic, the VIL can be victim cell dependent. VIL can be defined as the total interrupted slots similar as the definition in LTE but it doesn’t need the signaling to report to NW because both NW and UE knows the correct interruption occasions and slot length. Similar as legacy Rel-15 to capture the total interruption slots by MG, VIL is the impact of RRT on active serving cells and can be explicitly captured in the specification. The overall interruption length depends on aggressor reference cell RRT and victim cell’s SCS. 
· For per-UE-gap, VIL on a serving cell is defined based on RRT = 0.5ms; 
· For per-FR FR1-gap, VIL on FR1 serving cells is defined only based on RRT = 0.5ms; 
· For per-FR FR2-gap, VIL on FR2 serving cells is defined only based on RRT = 0.25ms.


Figure 1. NCSG with ML = N(ms) and MG timing advance of 0ms for all serving cells in synchronous operation


Figure 2. NCSG with ML = N(ms) with MG timing advance of 0.5ms for all serving cells in synchronous operation


Figure 3. NCSG with ML = N(ms) and MG timing advance of 0ms for all serving cells in asynchronous operation

Table 1. Total number of interrupted slots on all serving cells for synchronous operation with per-UE measurement gap or per-FR measurement gap 
	NR 
	Total number of interrupted slots on serving cells 

	SCS
	When MG timing advance of 0ms is applied, VIL=0.5ms
	When MG timing advance of 0.5ms is applied, VIL=0.5ms

	(kHz)
	
	

	15
	1
	1

	30
	1
	1

	60
	2
	2

	120
	4
	4

	NOTE 1:	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.
NOTE 2:	Non-overlapped half-slots occur before and after the VIL. Whether a Rel-17 UE can receive and/or transmit in those half-slots is up to UE implementation.



Table 2. Total number of interrupted slots on all serving cells for asynchronous operation with per-UE measurement gap or per-FR measurement gap 
	NR 
	Total number of interrupted slots on serving cells 

	SCS
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied 

	(kHz)
	VIL1=0.5ms
	VIL2=0.5ms
	VIL1=0.5ms
	VIL2=0.5ms

	15
	2 or 1 Note 3
	1 or 2 Note 3
	2 or 1 Note 3
	1 or 2 Note 3

	30
	2
	2
	2
	2

	60
	3
	3
	3
	3

	120
	5
	5
	4
	5

	NOTE 1:	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.
NOTE 2:	Non-overlapped half-slots occur before and after the VIL. Whether a Rel-17 UE can receive and/or transmit in those half-slots is up to UE implementation.
NOTE 3:	The numbers of interrupted slots for VIL1 and VIL2 should not be the same. 



Table 3. Total number of interrupted slots on FR2 serving cells with per-FR measurement gap for FR2
	NR 
SCS
(kHz)
	Total number of interrupted slots on FR2 serving cells 

	
	When MG timing advance of 0ms is applied, VIL=0.25ms
	When MG timing advance of 0.25ms is applied, VIL=0.25ms

	60
	1
	1

	120
	2
	2

	NOTE 1: The total number of interrupted slots is based on that SFN and subframe reference for per-FR gap in FR2 indicated by high layer parameter refServCellIndicator.
NOTE 2:	Non-overlapped half-slots occur before and after the VIL. Whether a Rel-17 UE can receive and/or transmit in those half-slots is up to UE implementation.



NCSG Patterns
In legacy LTE, NCSG pattern was already defined. In NR, a similar VIRP, VILRRT, ML pattern can also be defined. To simplify the design, the first 24 NR gap patterns (#0~23) can be reused for NCSG gap patterns. However, the intention of introducing #24 and #25 in Rel-16 NR is to allow UE to skip data RX/Tx, which contradicts to the concept of NCSG. Thus, gap patterns #24 and #25 won’t apply to NCSG.
[bookmark: _Ref61202968]Proposal 7: The NR gap patterns #0~23 can be used to NCSG pattern, and gap patterns #24 and #25 won’t apply to NCSG. 
As we discussed above, NCSG gap patterns can reuse the methodology of MG patterns reporting as much as possible. When we define the NCSG pattern with RRT and ML, the existing MG indices can be mapping to NCSG patterns in a one-to-one matter with MGL = 2*RRT+ML. The supported NCSG pattern shall be the same as UE’s reported legacy MG pattern. Thus, no additional NCSG pattern reporting is needed. At the same time, at least for NR-only measurements and mandatory gap patterns shall be also applied to NCSG. It means UE shall support the same mandatory NCSG patterns as legacy gap patterns in Rel-16, if it supports NCSG. 
[bookmark: _Ref67573399]Proposal 8: When UE supports NCSG, the supported gap pattern index shall be the same as its reported legacy MG pattern capability. 
[bookmark: _Ref67573402]Proposal 9: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs   
5 Scheduling Restriction
When UE supports NCSG, it implies the UE can measure some inter-frequency/inter-RAT layers in parallel with the active serving cells. However, there are several factors to restrict the parallel processing for UE. 
RF combination limitation
A potential issue for UE’s capability reporting is interpretation in multiple bands. Although UE reports to support NCSG on multiple bands, due to the UE RF implementation, UE cannot always guarantee to conduct measurement simultaneously on 2 inter-frequencies. For example, UE reports to support B3 and B4 for NCSG (‘2’: NCSG) in the table below. It doesn’t mean UE can perform measurements in parallel for B3 and B4 at the same time because of the RF combination limitation. Thus, UE cannot measure multiple inter-frequencies/inter-RAT per measurement gap occasion.
	CC
	B1
	B2
	B3
	B4

	B1+B2
	0
	0
	2
	2


[bookmark: _Ref61202986]Proposal 10: UE is not expected to measure more than one inter-freq/inter-RAT layers in parallel even if UE reports the support of NCSG to both corresponding bands.
Rx beam limitation 
In FR1, owing to using the omnidirectional antennas, UE can receive data or perform L1/L3 intra-frequency measurement together with an inter-frequency measurement with NCSG.
In FR2, when UE reports to support NCSG for some bands, whether UE can measure in these bands together with reception/transmission data or measurement in active serving cells depends Rx beam limitation.
· For FR2 intra-band or inter-band with CBM, it shall assume UE will use the same Rx beam to receive the signals at a time. UE cannot simultaneously receive data or perform L1 measurements together with L3 measurement during NCSG because UE may use fine beam to receive the data/L1 measurement but use rough beam to perform L3 measurements. 
UE may also not be able to perform L3 measurement for both intra-frequency and inter-frequency via NCSG because UE can only receive the signal from one Rx beam at a time but intra-frequency SMTC and inter-frequency SMTC may not always align in time domain. 
Thus, although UE has additional RF chains, UE may still not receive/transmit the data, perform L1 or L3 measurements for active serving cells and measure the inter-frequency for related intra-bands in parallel.
· For FR2 inter-band with IBM, UE has the independent beams to receive the signals and perform L3 measurements. Thus, when UE performs the inter-frequency NCSG measurements with IBM capability, there is no scheduling restriction on the active serving cells.
[image: ]
[bookmark: _Ref67562201]Observation 1: UE is not expected to perform data reception/transmission on serving cell together with the inter-frequency measurements during NCSG in an intra-band or inter-band with CBM scenario, but it’s possible for inter-band with IBM.
When UE reports the CBM/IBM capability for supported band combinations, NW still don’t have the knowledge on the CBM/IBM capability between an arbitrary inter-frequency and UE’s active serving cells. Thus, to maximize the utilization of NCSG capability, NW needs to know the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
[bookmark: _Ref61202993]Proposal 11: NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
6 NCSG configuration and measurement type
A general issue for RAN4 to discuss is how to configure the NCSG gap. In legacy LTE, there are two type of configurations for NCSG. From our understanding, NW explicitly configures the NCSG pattern with RRT/ML/VGRP and offset is a baseline for discussion NCSG configuration. The implicit activation method may have some contradiction with the Rel-15 rules in legacy MG, i.e., if network does not configure any measurement gap, UE will not measure any frequency that needs gap. 
In addition, implicit activation means when the measurement gap is configured without no MOs needing legacy gap, NCSG can automatically be enabled. It is somehow more like a pre-configured gap behaviour. So we suggest to deprioritize the implicit configuration in 1st stage and focus on defining the basic UE’s behaviour based on the explicit configuration.
Another benefit for explicit configuration is forward compatibility. Implicit configuration somehow implies NCGS only replaces the legacy gap, but cannot be configured simultaneously with the legacy gap. Explicit configuration allows concurrent configuration of NCSG and legacy gap. To simplify spec work, we also suggest to introduce a new CSSF specifically for NCSG.
[bookmark: _Ref67573418]Proposal 12: RAN4 shall start the NCSG discussion based on explicitly configuration to replace legacy gap.
[bookmark: _Ref67573421][bookmark: _Ref67575758]Proposal 13: In the 2nd stage, consider NCSG to be concurrently configured with legacy gap.
Proposal 14:  Introduce CSSF within NCSG for NCSG measurements. UE is only required to measure one frequency layer in each NCSG occasion.
7 NCSG capability and measurement mode
As we mentioned in section 3 about NCSG reporting, UE will report the supported bands for NCSG. The band level reporting granularity is finer than frequency range level. Thus, both NW and UE will have the common understanding on whether UE supports NCSG in FR1 only, FR2 only or both FR1 and FR2. Furthermore, when UE only supports per-UE gap, the NCSG shall be per-UE. When UE supports per-FR gap, the NCSG interruption will be constrained in the FR. No additional NCSG capability is needed for per-UE and per-FR differentiation.
[bookmark: _Ref67573425]Proposal 15:  No additional NCSG capability for per-UE and per-FR differentiation is needed.
· When UE only supports per-UE gap, the NCSG is per-UE. 
· When UE supports per-FR gap, the NCSG interruption is constrained in the FR.
In legacy Rel-15, RAN4 also discussed the ‘measurement mode’ for legacy gap. Measurement mode discussion focus on resolving the mismatch issues when UE reports to support per-FR gap but NW configures per-UE gap, or there is no serving cell in a particular FR. Thus, we believe the similar measurement mode issue for NCSG shall also be discussed in RAN4. The detail analysis is captured in the backup.
[bookmark: _Ref67573427]Proposal 16:  RAN4 shall discuss the NCSG measurement mode issue similar as legacy MG. 
· The existing measurement mode requirements (effective MGRP, data scheduling depends on gap configuration) can be the baseline.
8 Conclusion
In the contribution, we discuss the issues for concurrent gap. We have the following proposals: 
Observation 1: UE is not expected to perform data reception/transmission on serving cell together with the inter-frequency measurements during NCSG in an intra-band or inter-band with CBM scenario, but it’s possible for inter-band with IBM.
Proposal 1: Do not consider per-CC scenario for NCSG in Rel-17.
Proposal 2: The use cases for NCSG in NR are as follow.
· Enable measurement on target frequency layers with interruption controlled on activated CC
· Reduce interruption rate due to deactivated SCell measurement
Proposal 3: Intra-frequency measurements with MG, inter-frequency measurements with MG or inter-RAT measurements may use NCSG instead of MG when UE supports the corresponding band combination and has additional RF chains for measurements.
Proposal 4: Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signalling structure with a new component ‘NCSG’.
Proposal 5: Introduce absolute RRT (RF retuning time) to replace VIL in NCSG pattern definition. RRT is 0.5ms in FR1 and 0.25ms in FR2, occurring in the beginning and the end of NCSG. 
Proposal 6: VIL is the interrupted slots on active serving cells and is defined by following R15 measurement interruption rule which depends on both
· Victim cell SCS and Aggressor reference cell RRT, and
· Sync and Async. deployment
Proposal 7: The NR gap patterns #0~23 can be used to NCSG pattern, and gap patterns #24 and #25 won’t apply to NCSG.
Proposal 8: When UE supports NCSG, the supported gap pattern index shall be the same as its reported legacy MG pattern capability. 
Proposal 9: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns
Proposal 10: UE is not expected to measure more than one inter-freq/inter-RAT layers in parallel even if UE reports the support of NCSG to both corresponding bands.
[bookmark: _GoBack]Proposal 11: NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
Proposal 12: RAN4 shall start the NCSG discussion based on explicitly configuration to replace legacy gap.
Proposal 13: In the 2nd stage, consider NCSG to be concurrently configured with legacy gap.
Proposal 14:  Introduce CSSF within NCSG for NCSG measurements. UE is only required to measure one frequency layer in each NCSG occasion.
Proposal 15:  No additional NCSG capability for per-UE and per-FR differentiation is needed.
· When UE only supports per-UE gap, the NCSG is per-UE. 
· When UE supports per-FR gap, the NCSG interruption is constrained in the FR.
Proposal 16:  RAN4 shall discuss the NCSG measurement mode issue similar as legacy MG
· The existing measurement mode requirements (effective MGRP, data scheduling depends on gap configuration) can be the baseline.
9 Reference
[bookmark: _Hlk51315259][1] R4-2103677, “WF on R17 NR MG enhancements – Pre-configured MG patterns and NCSG”, Intel Corporation
10 Backup: NCSG measurement mode
UE supports per-UE gap only
When UE supports per-UE gap and NCSG, UE may report NCSG capability within FR1 only, FR2 only, FR1+FR2. After that, NW may configure MOs for FR1 only, FR2 only, FR1+FR2. To simplify the discussion, assuming only one FR1 band and one FR2 band need to be reported for NCSG. 
Scenario 1-1: UE supporting FR1 NCSG only
When UE reporting supports FR1 NCSG only(‘0’: No gap, ‘1’: gap, ‘2’:NCSG), it means UE has an spare RF chain for band B2 in FR1 for NCSG. 
	
	FR1
	FR2

	CC
	B2
	B3

	B1
	2
	1


NW may configures NCSG per-UE gap together with FR1 only, FR2 only, FR1+FR2 MOs as follow. It should be careful that the FR1 MOs will be measured in CSSF within NCSG, but FR2 MOs had to be measured in CSSF within gap.
The possible UE behaviour is captured in the table below.
	NCSG Gap type
	MOs

	
	FR1
	FR2
	FR1+FR2

	Per-UE
	Interruption to serving cell;
Meas. FR1 MO
	Scheduling restriction to serving cell;
No measurement
	Interruption to serving cell;
Meas. FR1 MO

	Note:
Interruption - Meas. with interruption to the serving cell following the configured MGRP.
Scheduling restriction - No meas. but with interruption to the serving cell depends on configured MGRP.
No measurement - Configured MO can’t be measured by configured gap type. 



Scenario 1-2: UE supporting FR2 NCSG only
The UE’s behaviour is similar as scenario 1-1 but switching the table contents between FR1 and FR2.
	NCSG Gap type
	MOs

	
	FR1
	FR2
	FR1+FR2

	Per-UE
	Scheduling restriction to serving cell;
No measurement
	Interruption to serving cell;
Meas. FR2 MO
	Interruption to serving cell;
Meas. FR2 MO

	Note:
Interruption - Meas. with interruption to the serving cell following the configured MGRP.
Scheduling restriction - No meas. but with interruption to the serving cell depends on configured MGRP.
No measurement - Configured MO can’t be measured by configured gap type. 



Scenario 1-3: UE supporting FR1+FR2 NCSG
When UE reporting supports FR1+FR2 NCSG (‘0’: No gap, ‘1’: gap, ‘2’:NCSG), it means UE has spare RF chains for band B2 in FR1 and band B3 in FR2 for NCSG.
	
	FR1
	FR2

	CC
	B2
	B3

	B1
	2
	2


The UE’s behaviour is the union of scenario 1-1 and 1-2.
	NCSG Gap type
	MOs

	
	FR1
	FR2
	FR1+FR2

	Per-UE
	Interruption to serving cell;
Meas. FR1 MO
	Interruption to serving cell;
Meas. FR2 MO
	Interruption to serving cell;
Meas. FR1, FR2 MOs

	Note:
Interruption - Meas. with interruption to the serving cell following the configured MGRP. 



UE supports per-FR gap
When UE supports per-FR gap and NCSG, the scenarios will be more complex. It shall consider the following bullets to define UE’s measurement behaviour.
· Serving cells: FR1, FR2, FR1+FR2
· UE Reporting NCSG capabilities: FR1, FR2, FR1+FR2
· NW configures gap type: per-UE gap, per-FR1 gap, per-FR2 gap, per FR1 gap + per FR2 gap
· NW configures MOs type: FR1, FR2, FR1+FR2
In legacy R15, when there is no serving cells in a particular FR and UE supports per-FR gap, it implies UE can support a gapless measurements in this FR. Thus, UE can’t report to support NCSG in this FR too. The total scenarios can be shrink based on this agreements in legacy release.  
	UE reporting NCSG capability
	Serving cells

	
	FR1
	FR2
	FR1+FR2

	FR1
	Y
	N
	Y

	FR2
	N
	Y
	Y

	FR1+FR2
	N
	N
	Y


The general rules for UE supporting NCSG can be as followed.
· R15 MG requirement is the baseline.
· Effective MGRP
· Data scheduling depends on gap configuration
· If configures NCSG but no MO, or not need NCSG in the FR, data scheduling depends on NCSG
· If configures MO which needs NCSG but no NCSG and MG, and 
· when no serving cell in the particular FR, effective MGRP applied.
· when there is serving cell in the particular FR, UE doesn’t need to meas.
· If configured MOs which supports NCSG meas. but NW configures MG, UE behavior fall back to R15
· If configured MOs which only supports legacy MG meas. but NW configures NCSG, UE doesn’t need to meas.
We will discuss UE’s behavior for the possible scenarios with green colors.
· Serving cell in FR1, UE reporting to support FR1 NCSG only
· Serving cell in FR1+FR2, UE reporting to support FR1 NCSG only
· Serving cell in FR1+FR2, UE reporting to support FR1+FR2 NCSG
Scenario 1-1: serving cell in FR1 only; UE reporting to support FR1 band NCSG only
When UE reporting supports FR1 NCSG only(‘0’: No gap, ‘1’: gap, ‘2’:NCSG), it means UE has an spare RF chain for band B2 in FR1 for NCSG. Be careful that UE shall report ‘no gap’ in FR2 band due to no FR2 serving cells.
	
	FR1
	FR2

	CC
	B2
	B3

	B1
	2
	0


It means UE has a spare RF chain for band B2 in FR1 for NCSG and a spare RF chain to FR2 for ‘no gap’. When NW configures possible NCSG gap types with per-UE, per-FR1 only, per-FR2 only or per FR1+FR2 and MOs for FR1 only, FR2 only, and both FR1+FR2. The possible UE behaviours are as follow.
	NCSG Gap type
	MOs

	
	FR1
	FR2
	FR1+FR2

	Per-UE
	FR1: Interruption to FR1
FR2: No meas., no interruption
	FR1: Scheduling restriction to FR1
FR2: Meas. to FR2
	FR1: Interruption to FR1
FR2: Meas. to FR2

	Per-FR1
	FR1: Interruption to FR1;
FR2: no meas., no interruption
	FR1: Scheduling restriction to FR1
FR2: Effective MGRP to FR2
	FR1: Interruption to FR1
FR2: Effective MGRP to FR2

	Per-FR2
	FR1: No meas., no interruption
FR2: Scheduling restriction to FR2
	FR1: No meas., no interruption
FR2: Effective MGRP to FR2
	FR1: No meas., no interruption
FR2: Effective MGRP to FR2

	Per FR1+FR2
	FR1: Interruption to FR1 
FR2: Scheduling restriction to FR2
	FR1: Scheduling restriction to FR1
FR2: Meas. to FR2
	FR1: Interruption to FR1
FR2: Meas. to FR2

	Note:
Interruption to a FR - Meas. with interruption in a FR following the configured MGRP.
Scheduling restriction to a FR - No meas. but with interruption in a FR depends on configured MGRP.
No meas., no interruption - No MO and no serving cell configuration.
Effective MGRP to a FR - Meas. with effective MGRP other than configured MGRP.
Meas. to a FR - Meas. without interruption to a FR following the configured MGRP.



Scenario 2-1: serving cell in both FR1+FR2; UE reporting to support FR1 band NCSG only
When UE reporting supports FR1 NCSG only(‘0’: No gap, ‘1’: gap, ‘2’:NCSG), it means UE has an spare RF chain for band B2 in FR1 for NCSG. The difference with scenario 1-1 is both FR1 and FR2 have serving cells. Thus, UE doesn’t report gapless measurements in FR2. 
	
	FR1
	FR2

	CC
	B2
	B3

	B1
	2
	1


When NW configures possible NCSG gap types with per-UE, per-FR1 only, per-FR2 only or per FR1+FR2 and MOs for FR1 only, FR2 only, and both FR1+FR2. The possible UE behaviours are as follow.
	NCSG Gap type
	MOs

	
	FR1
	FR2
	FR1+FR2

	Per-UE
	FR1: Interruption to FR1;
FR2: Scheduling restriction to FR2
	FR1: Scheduling restriction to FR1
FR2: Scheduling restriction to FR2
	FR1: Interruption to FR1;
FR2: Scheduling restriction to FR2

	Per-FR1
	FR1: Interruption to FR1;
FR2: No meas., no interruption
	FR1: Scheduling restriction to FR1
FR2: No meas., no interruption
	FR1: Interruption to FR1;
FR2: No meas., no interruption

	Per-FR2
	FR1: No meas., no interruption 
FR2: Scheduling restriction to FR2
	FR1: No meas., no interruption 
FR2: Scheduling restriction to FR2
	FR1: No meas., no interruption
FR2: Scheduling restriction to FR2

	Per FR1+FR2
	FR1: Interruption to FR1 
FR2: Scheduling restriction to FR2
	FR1: Scheduling depends on gap in FR1
FR2: Scheduling restriction to FR2
	FR1: Interruption to FR1
FR2: Scheduling restriction to FR2

	Note:
Interruption to a FR - Meas. with interruption in a FR following the configured MGRP.
Scheduling restriction to a FR - No meas. but with interruption in a FR depends on configured MGRP.
No meas., no interruption - No MO and no serving cell configuration.



Scenario 2-2: serving cell in both FR1+FR2; UE reporting to support both FR1+FR2 band NCSG
When UE reporting supports FR1+FR2 NCSG (‘0’: No gap, ‘1’: gap, ‘2’:NCSG), it means UE has spare RF chains for band B2 in FR1 and band B3 in FR2 for NCSG.
	
	FR1
	FR2

	CC
	B2
	B3

	B1
	2
	2


When NW configures possible NCSG gap types with per-UE, per-FR1 only, per-FR2 only or per FR1+FR2 and MOs for FR1 only, FR2 only, and both FR1+FR2. The possible UE behaviours are as follow.
	NCSG Gap type
	MOs

	
	FR1
	FR2
	FR1+FR2

	Per-UE
	FR1: Interruption to FR1;
FR2: Scheduling restriction to FR2
	FR1: Scheduling restriction to FR1
FR2: Interruption to FR2
	FR1: Interruption to FR1;
FR2: Interruption to FR2

	Per-FR1
	FR1: Interruption to FR1;
FR2: No meas.; no interruption
	FR1: Scheduling restriction to FR1
FR2: No meas.; no interruption;
	FR1: Interruption to FR1;
FR2: No meas.; no interruption;

	Per-FR2
	FR1: No meas.; no interruption
FR2: Scheduling restriction to FR2
	FR1: No meas.; no interruption;
FR2: Interruption to FR2
	FR1: No meas.; no interruption;
FR2: Interruption to FR2

	Per FR1+FR2
	FR1: Interruption to FR1
FR2: Scheduling restriction to FR2
	FR1: Scheduling restriction to FR1
FR2: Interruption to FR2
	FR1: Interruption to FR1
FR2: Interruption to FR2
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Rx beam 1: data transmission

Rx beam 2: SSB measurement
come at the same time occasions
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