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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 (NCSG) was approved [1]. In this paper, we will further discuss the detail for NCSG. 
· Signalling and UE capability
· Scenario and use cases
· NCSG pattern
· NCSG configuration
· Impacts on RRM requirements
· Measurement applicability
2 Signalling and UE capability
The open issues and agreements in [1] are captured below.
	· FFS on necessary signaling for NCSG 
· Option 1 (Huawei, Qualcomm): Signalling supports for NCSG include at least
· NCSG configuration
· UE capability related to NCSG patterns and per-UE/per-FR NCSG
· UE capability related to need for NCSG for a target carrier
· Option 2 (Nokia, Ericsson, ZTE): Defer these discussions after NCSG pattern design as well 	as NCSG applicability and UE capability support are finalized
· Other options was not excluded
· FFS on how to consider the relation between NCSG and ‘NeedForGap’?
· Option 1 (Intel, Apple): The “NeedForGap” signaling structure can be reused for NR NCSG as a start point
· Option 1a (MTK, ZTE, Apple):  Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signaling structure with a new component ‘NCSG’. 
· Option 2 (Ericsson, CMCC, OPPO, Qualcomm):  Don’t reuse Rel-16 ‘NeedForGap’ ignaling for NCSG
· Option 3(Ericsson, CATT, Qualcomm, Nokia, OPPO): Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design
· Note: regardless of the selected option, decision will involve RAN2 feedback


In our view, how signaling will be provided and UE capability will be reported have a critical impact to the requirements. A very quick example is whether UE is allowed to report different NCSG capabilities for different bands. 
· If UE can report ‘no gap’ on some band, ‘NCSG’ on some other bands, and ‘gap’ on the remaining bands, then UE behavior is further depending on network configuration.
· If network does not configure any legacy gap nor NCSG, UE will only preform measurement on those bands reported with ‘no gap’ and skip the measurement on all the other bands
· If network configures NCSG to UE, UE can do measurement on bands reported with ‘no gap’ and NCSG and will skip measurements on those band that need legacy gap.
· If network configures legacy gap to UE, UE will conduct all gap-assisted measurements during the measurement gap.
· If UE can only report a single capability for all target bands, the requirement is simple because UE has to consider to worst case, e.g., as long as UE needs the legacy gap for one target band, it should never claim the support of NCSG or ‘no gap’. 
[bookmark: _Ref78724161]Proposal 1: RAN4 needs to decide whether UE is allow to report ‘no gap’, ’NCSG’ and ‘gap’ capabilities to different bands. The UE behaviour and the corresponding measurement requirements are highly depending on how signaling will be provided and UE capability will be reported.
In NR Rel-16, a new ‘NeedForGap’ mechanism was introduced without RAN4 requirements. The UE can report whether it supports ‘no gap’ measurement for a target band based on its current CA band combination. When UE reports ‘no gap’ for some specific bands, it means measurement gap is unnecessary on these bands. For example, UE reports 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


The ‘NeedForGap’ capability reporting has the following benefits:
1. It can be reported after every RRC re-configuration which changes the configurations of serving cells or measurement objectives. UE can have a real time assessment on this current HW/SW capability to determine whether or not to support the ‘no gap’ for particular bands.
2. It reduces hugely the signalling overhead that UE has to report, compared to LTE reporting mechanism. In LTE, UE has to report whether to support ‘no gap’ between all pairs of the target band for measurement and all its supported band combinations for CA. The overhead is rather large and not all reported pairs will be used by network. In Rel-16 ‘NeedForGap’, UE only needs to update its capability under current configurations (serving cells v.s. MOs). This reduces significantly the reporting overhead and every reported bit is useful.
[bookmark: _Ref71318541]Observation 1: The Rel-16 ‘NeedForGap’ mechanism allows UE to do a real time assessment on this current HW/SW capability to determine whether to support the ‘no gap’ for particular bands and also reduces the reporting overhead significantly, compared to LTE. 
In our understanding, NCSG is like ‘NeedForGap’ with controlled interruption. When UE supports NCSG for some specific bands, it implies measurement gap is unnecessary but interruption is still needed for measurement on these bands. The reason for this interruption could be either to switch ON/OFF the spare RF chains for power saving or to retune the RF frequency among different inter-frequency layers. It’s more practical to permit the limited interruption. 
[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. 
	NeedForGapsNR-r16  ::=                 SEQUENCE {
    bandNR-r16                            FreqBandIndicatorNR,
    gapIndication-r16                     ENUMERATED {gap, no-gap, ncsg}}


The benefits for doing this are
· Inherit all benefits of the reporting mechanism of ‘NeedForGap’. 
· Aggregate all gap-less related reporting in one piece of IE. Network never needs to handle the case that UE reports ‘gap’ in one band in NeedForGaps but reports ‘NCSG’ in the same band in a different IE. 3GPP can also avoid all the lengthy discussions on how to handle the inconsistency between 2 separate UE capabilities.  
[bookmark: _Ref61447682][bookmark: _Ref71318547]Proposal 2: Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signalling with a new component ‘NCSG’. 
Pre-FR gap capability is already reported in Rel-15. UE should be able to report its NCSG capability consistent to its pre-FR gap capability. In other words, 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. By leveraging Rel-15 per-FR gap capability, we can reduce the need for additional capability reports for NCSG.
[bookmark: _Ref78724166][bookmark: _Ref67573425]Proposal 3:  No additional NCSG capability for per-UE and per-FR differentiation is needed. 
[bookmark: _Ref78724170]Proposal 4: Network follows Rel-15 independentGapConfig to know whether UE can support per-FR NCSG.
· When UE only supports per-UE gap, network can configure only pre-UE NCSG and the NCSG interruptions are allowed in all FRs. 
· When UE supports per-FR gap, network can configure pre-FR NCSG and the NCSG interruptions allowed only in the same FR.
3 Scenarios and use cases 
The open issues and agreements in [1] are captured below.
	· In principle, NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements.
· FFS on whether NW should configure the legacy MG rather than NCSG even UE can support both of them. 
· Measuring deactivated SCC shall be studied as one scenario for NCSG usage as we agreed unless critical issues were identified.



According to current agreement, we provide Table 1 to summarize our understanding on all the cases that to requires legacy gap in Rel-15/16 measurements and the cases that are supported by NCSG. Note that 
· Case 2) Intra-freq measurement w/o gap for de-activated SCell does not require gap in Rel-15/16, but it is allowed to be conducted via NCSG in Rel-17.
· Case 6) CSI-RS based Inter-freq measurement can only be conducted via legacy gap, but whether to allow it in NCSG needs to be further studied. The reason is that the current NeedforGap framework only considers SSB-based measurement.
· Case 8) & 9) 2G, 3G and PRS measurements are not expected to be conducted via NCSG.

[bookmark: _Ref78720763]Table 1. Cases that requires legacy gap for Rel-15/16 measurements and supported by NCSG 
	Case
	Rel-15/16 measurements that need MG
	Supported by NCSG in Rel-17

	1
	Intra-freq w/o gap for activated serving cells (SSB, CSI-RS)
	
	

	2
	Intra-freq w/o gap for de-activated/dormant SCell (SSB)
	
	

	3
	Intra-freq w/ gap (SSB)
	
	

	4
	Inter-freq w/o gap (SSB)
	
	

	5
	Inter-freq w/ gap (SSB)
	
	

	6
	Inter-freq w/ gap (CSI-RS)
	
	

	7
	Inter-RAT (LTE)
	
	

	8
	Inter-RAT (2G/3G)
	
	

	9
	PRS
	
	



[bookmark: _Ref71318549][bookmark: _Ref61202957]Proposal 5: The use case for NCSG includes 1) de-activated or dormant SCell measurement, 2) SSB-based intra-frequency measurement with gap, 3) SSB-based inter-frequency measurements with gap, and 4) inter-RAT EUTRAN measurements. 
According to the current cases allowed in NCSG, we can see that it does not perfectly align with the scope of CSS outside gap or CSSF within gap. 
· If we consider NCSG as a kind of CSSF outside gap measurement, we need to additionally add case 3), 5) and 7) into the CSSF calculation. 
· If we consider NCSG as a kind of CSSF within gap measurement, we need to additionally add case 2) in to the CSSF calculation. 
Therefore, our suggestion is to create a new CSSF dedicated for NCSG measurement, e.g., CSSF within NCSG.
[bookmark: _Ref78724173]Proposal 6: Define a new CSSF dedicated for NCSG measurement. 

4 NCSG pattern 
The open issues and agreements in [1] are captured below.
	· Define NCSG patterns for subset of the legacy MG patterns in [TS38.133 v16.5.0].
· FFS on which subset of legacy MG patterns 
· FFS on RAN4 needs to define separate NCSG patterns for sync and async scenarios
· Option 1 (Ericsson, Nokia, Intel, Qualcomm):  Yes
· Different NCSG patterns for synchronous and asynchronous operations in FR1
· Same NCSG patterns for synchronous and asynchronous operations in FR2.
· Option 2 (ZTE, OPPO, Huawei,MTK,vivo, CATT): No
· No need to separate NCSG patterns needed for synchronous and asynchronous operations.
· Option 3 (CMCC, MTK, vivo, Apple): same NCSG patterns for synchronous and asynchronous operations, provided that the NCSG pattern only comprise the RF retuning time and ML. Interruption is not captured in VIL(RRT) and specified separately.
· FFS on gap pattern index for NCSG 
· FFS on VIL:
· Option 1a (Qualcomm, Intel, Ericsson, vivo, ZTE, OPPO): VIL should be explicitly defined based on the number of interrupted durations in absolute time 
· Option 1b (Apple, CATT, Qualcomm, ZTE): VIL should be explicitly defined based on the number of  interrupted duration in slot 
· Option 2( MTK, Huawei, CMCC, Nokia): based on absolute  RF retuning time (tentatively denoted as “RRT”).
· FFS on ML of NCSG (or the total length of NCSG).
· Option 1: the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of  the legacy gap
· Option 2: the total length of NCSG (“ML + VIL1+VIL2”) is larger than MGL of the legacy gap and the effective measurement window of NCSG (which is equal to ML) is same as “legacy MGL – 2 *RRT)”. 



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: Extend the NR gap patterns #0~23 for NCSG, but not #24 and #25. 
In legacy LTE, the NCSG pattern is defined by the overall interruption slots, but this design is not suitable for NR now. 
In LTE, if NCSG pattern #0 is configured in MCG, then UE should assume NCSG pattern #2 on the asynchronous SCG. But theoretically, both patterns #0 and #2 trying to address the same measurement behavior. The only difference is their VIL do to sync/async difference. 
In NR, we do not see the benefit to create additional gap patterns just because of this sync/async difference. NR already has 1) multiple numerologies, 2) more gap patterns and 3) more complicated sync/async scenarios. If we define the NCSG patterns by reusing the LTE definition, it will introduce lots of redundant parameters even if the absolute RF retuning time is always the same. 
In Rel-15 NR, RAN4 had already defined the RF switching time is 0.5ms for FR1 and 0.25ms for FR2. 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 and reuse the Rel-15 MG patterns as much as possible, we suggest to directly use absolute RF retuning time (RRT) to define the NCSG patterns, i.e.,  the existing MG indices can be mapping to NCSG patterns in a one-to-one matter with MGL = 2*RRT+ML. 
[bookmark: _Ref67562240][bookmark: _Ref71318550]Proposal 8: Introduce absolute RRT (RF retuning time) to replace VIL in NCSG pattern definition. RRT is [0.5]ms in FR1 and [0.25]ms in FR2, occurring in the beginning and the end of NCSG, i.e., ML=MGL-RRT1-RRT2
[bookmark: _Ref67573364]With a clear RRT defined, RAN4 can quickly leverage the existing approach in all the other interruption requirements to define the gap interruption (VIL) for NCSG. VIL can be defined as the total interrupted slots on victim cells but it doesn’t need to be reported to NW. VIL can be defined as the impact of RRT on active serving cells and can be clearly captured in the specification. The length of VIL depends on FR of the aggressor RRT, victim cell’s SCS and the sync/async condition. Figures 1, 2, 3, 4 provides some examples on how the VIL can be determined. 
[image: ]
Figure 1. Gap interruption for Per-UE gap or FR1 gap under synchronous scenario without MGTA
[image: ]
Figure 2. Gap interruption for Per-UE gap or FR1 gap under synchronous scenario with MGTA
[image: ]
Figure 3. Gap interruption for Per-UE gap or FR1 gap under asynchronous scenario without MGTA
[image: ]
Figure 4. Gap interruption for Per-UE gap or FR1 gap under asynchronous scenario with MGTA

[bookmark: _Ref78724175][bookmark: _Ref71318551]Proposal 9: VIL is defined based on the slots of a victim cell fully or partially overlapped with the RRT duration of NCSG 

The supported NCSG patterns shall be the same as UE reported legacy MG patterns. 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: _Ref71318552][bookmark: _Ref67573399]Proposal 10: When UE supports NCSG, the supported gap pattern index shall be the same as its reported legacy MG pattern capability in Rel-15/16. 
[bookmark: _Ref67573402][bookmark: _Ref71318553]Proposal 11: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.  
5 NCSG configuration 
The open issues and agreements in [1] are captured below.
	· FFS on explicit configuration for NCSG
· Option 1 (OPPO, Intel) NCSG configuration shall be based on legacy MG configuration 
· Option 1a (MTK, HW, OPPO):  Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
· Option 2(CATT, ZTE): Up to RAN2
· FFS other options



To simplify the signalling, we think it is sufficient to add a single bit indication associated to (or within) the existing gap configuration MeasGapConfig to transform the legacy gap configuration to NCSG. If the bit is toggled, UE assumes the gap pattern is NCSG. If not, UE assumes the legacy gap is used.  
[bookmark: _Ref71194614]Proposal 12:  Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
6 Impacts on RRM requirements due to NCSG 
The open issues and agreements in [1] are captured below.
	· FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Option 3: the interruption is proposed as following
	SCS
	Synchronous
	Asynchronous

	
	interruption length before measurement
	interruption length after measurement
	interruption length before measurement
	interruption length after measurement

	15KHz
	1 slot
	1 slot
	2 slots
	2 slots

	30KHz
	2 slots
	2 slots
	3 slots
	3 slots

	60KHz
	3 slots
	3 slots
	4 slots
	4 slots

	120KHz
	6 slots
	6 slots
	7 slots
	7 slots


· Option 3a :Translate 1ms(FR1) and 0.75ms(FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
· Option 4 
· VIL on active victim serving cells is the number of interrupted slots calculated based on
· Aggressor reference cell RRT, 
· Victim cell SCS, and 
· Sync or async. operation
· Option 5: RAN4 to further discuss the condition, capability and impacts to measurement requirements for UE to use NCSG to control interruptions due to measurement on deactivated SCC or Scell in dormancy
· The existing measurement mode requirements (effective MGRP, data scheduling depends on gap configuration) can be the baseline
· 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.
· Option 2:  No additional NCSG capability for per-UE and per-FR differentiation is needed
· Others
· CCSF
· Only one layer can be measured for each NCSG occasion, which is the assumption for deriving CSSF


The interruption requirements are mentioned in previous section. The per-UE or per-FR capability report has also been discussed in a previous section. Therefore we are not going to repeat them here.
In order to specify the final measurement requirement, how signaling will be provided and UE capability will be reported need to be clarified first.
7 Measurement applicability 
The open issues and agreements in [1] are captured below.
	· Defer the discussion on simultaneous configuration of NCSG and legacy MG based on concurrent MG framework to the 2nd stage of this WI.
· FFS on Rx beam limitation
· Option 1. (MTK, Ericsson, Huawei):  NCSG pattern is also supported for FR2 
· Option 1a. (MTK) NW needs to be informed that the inter-frequency measurements with NCSG is CBM or IBM with serving cells in FR2.
· Option 2(CATT) NCSG in FR2 should be deprioritized in current stage.
· FFS on scheduling and measurement restriction
· Option 1 (Ericsson, CATT): When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply, 
· Option 1a(Qualcomm): RAN4 to discuss if existing scheduling restrictions of 9.2.5.3.3 for measurement on FR2 intra-frequency cell shall be extended for the use case of measurement on intra- or inter-frequency cell via NCSG instead of legacy MG.
· Option 2(Huawei, OPPO, Intel): Scheduling restriction for NCSG is FFS, and check with RAN2 on the feasibility of informing NW the CBM or IBM between inter-frequency measurements and serving cells in FR2.



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, UE will use the same Rx beam to receive the signals at a time. UE may not be able to receive data and perform measurement during NCSG simultaneously because UE may use fine beam to receive the data but rough beam for L3 measurements.
· 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 2: 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. Therefore, RAN4 needs to work on a solution. In our view, to simplify the spec we can assume 
· Option 1: UE only reports NCSG on that target band if IBM is possible. UE shall not claim NCSG if the target band shares CBM with serving cells. With this limitation, RAN4 does not need to consider how to define requirements for the CBM case.
· Option 2: UE can report NCSG on that target band with additional information about IBM and CBM for forward compatibility. RAN4 can still try to conclude the requirement for the IBM case in this release, while leaving CBM requirements in later releases.
[bookmark: _Ref61202993][bookmark: _Ref78724181][bookmark: _Ref54117246]Proposal 13: To handle the problem of Rx beam limitation during NCSG, consider the following options 
· UE only reports NCSG on that target band if IBM is possible. 
· UE can report NCSG on that target band with additional information about IBM and CBM for forward compatibility.  RAN4 focus on IBM requirement in this release.
8 Conclusion
In the contribution, we discuss the issues for concurrent gap. We have the following observations and proposals: 
Proposal 1: RAN4 needs to decide whether UE is allow to report ‘no gap’, ’NCSG’ and ‘gap’ capabilities to different bands. The UE behaviour and the corresponding measurement requirements are highly depending on how signaling will be provided and UE capability will be reported.
Observation 1: The Rel-16 ‘NeedForGap’ mechanism allows UE to do a real time assessment on this current HW/SW capability to determine whether to support the ‘no gap’ for particular bands and also reduces the reporting overhead significantly, compared to LTE.
Proposal 2: Rel-17 NCSG capability is reported on top of existing RAN2 ‘NeedForGap’ signalling with a new component ‘NCSG’.
Proposal 3:  No additional NCSG capability for per-UE and per-FR differentiation is needed.
· Proposal 4: Network follows Rel-15 independentGapConfig to know whether UE can support per-FR NCSG.
Proposal 5: The use case for NCSG includes 1) de-activated or dormant SCell measurement, 2) SSB-based intra-frequency measurement with gap, 3) SSB-based inter-frequency measurements with gap, and 4) inter-RAT EUTRAN measurements.
Proposal 6: Define a new CSSF dedicated for NCSG measurement.
Proposal 7: Extend the NR gap patterns #0~23 for NCSG, but not #24 and #25.
Proposal 8: Introduce absolute RRT (RF retuning time) to replace VIL in NCSG pattern definition. RRT is [0.5]ms in FR1 and [0.25]ms in FR2, occurring in the beginning and the end of NCSG, i.e., ML=MGL-RRT1-RRT2
Proposal 9: VIL is defined based on the slots of a victim cell fully or partially overlapped with the RRT duration of NCSG
Proposal 10: When UE supports NCSG, the supported gap pattern index shall be the same as its reported legacy MG pattern capability in Rel-15/16.
Proposal 11: Existing gap applicability in Rel-16 for NR-only measurements and mandatory gap patterns is re-used for NCSG capable UEs.
Proposal 12:  Introduce a single bit for existing MeasGapConfig to transform the legacy gap into NCSG (detail to be left to RAN2).
Observation 2: 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 13: To handle the problem of Rx beam limitation during NCSG, consider the following options
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