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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. 
· Scenario and use cases
· NCSG pattern
· UE capability and network configuration of NCSG
· Measurement related requirements
· Others RRM requirements
2 Scenario and use cases
The open issues in [1] are captured below.
	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.
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 SSell.
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. 
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


Regarding the supporting of CSI-RS based inter-frequency measurement, we think it is not the most urgent issue at this moment. RAN4 should try to finalize the SSB-based requirement as well as inter-RAT EUTRAN requirements first. The extension to CSI-RS should be very straightforward as long as the SSB-based requirements are stable.
[bookmark: _Ref92101631]Proposal 1: RAN4 to work on CSI-RS based inter-frequency measurement requirement via NCSG after stabilizing the SSB-based requirements.
On supporting RRM measurement for dormant SCell via NCSG, we think it is feasible. But we are open to discuss whether to limit such kind of measurement within NCSG or not from RAN4 spec. In our view, either way is fine.
[bookmark: _Ref92101632]Proposal 2: It is feasible to support RRM measurement for dormant SCell via NCSG, but whether to limit it within NCSG is up to RAN4 decision.
Regarding NCSG supporting in EN-DC, NE-DC, and NR-DC, we suggest leaving this to RAN2 to decide, as already agreed in [2]. 
On FR2 supporting, we think that it is theoretically feasible to allow both IBM and CBM case in NCSG. With IBM, there will be no new requirements for scheduling restriction. With CBM, new scheduling restriction is needed, and this requires some additional works. The main issue to be address in CBM case is whether the target inter-frequency layer is synchronous to UE’s serving cells. If yes, we can directly apply the existing scheduling restriction requirement (e.g., restriction on SSB and one symbol before /after SSB). If no, network still does not have the idea on which symbol should be restricted. To our best understanding at this moment, there is no such a network signalling to indicate whether an inter-frequency layer is synchronous to UE’s serving cell. Concerning it is already late in Rel-17, we slightly prefer not to further work on the CBM case. In other words, we can support Option 1 of Issue 1-5 in [1] in general. One minor comment to Option 1 is that we do not think we need to mention “UE has a spared chain for target cell measurement” as one of the pre-conditions. This can be completely left for UE’s own judgement.
[bookmark: _Ref92101633]Proposal 3: In FR2, NCSG is applicable only when the target cell is not in the same band with all serving cells and when UE is performing IBM between the target cell band and each of serving cell band(s).
3 NCSG pattern
The open issues in [1] are captured below.
	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.


According to the agreement in last meeting, we can set up a one-to-one mapping rule between legacy measurement gap and NCSG for each gap pattern (GP) ID as Table 1. 
[bookmark: _Ref91771279]Table 1. A mapping table between legacy gaps and NCSG for each gap pattern ID.
	GP Id
	Legacy gap
	NCSG

	
	MGL (ms)
	MGRP (ms)
	VIL1, VIL2 (ms)
	ML (ms)
	VIRP (ms)

	0
	6
	40
	1
	5
	40

	1
	6
	80
	1
	5
	80

	2
	3
	40
	1
	2
	40

	3
	3
	80
	1
	2
	80

	4
	6
	20
	1
	5
	20

	5
	6
	160
	1
	5
	160

	6
	4
	20
	1
	3
	20

	7
	4
	40
	1
	3
	40

	8
	4
	80
	1
	3
	80

	9
	4
	160
	1
	3
	160

	10
	3
	20
	1
	2
	20

	11
	3
	160
	1
	2
	160

	12
	5.5
	20
	0.75
	5
	20

	13
	5.5
	40
	0.75
	5
	40

	14
	5.5
	80
	0.75
	5
	80

	15
	5.5
	160
	0.75
	5
	160

	16
	3.5
	20
	0.75
	3
	20

	17
	3.5
	40
	0.75
	3
	40

	18
	3.5
	80
	0.75
	3
	80

	19
	3.5
	160
	0.75
	3
	160

	20
	1.5
	20
	0.75
	1
	20

	21
	1.5
	40
	0.75
	1
	40

	22
	1.5
	80
	0.75
	1
	80

	23
	1.5
	160
	0.75
	1
	160

	24
	10
	80
	N.A
	N.A
	80

	25
	20
	160
	N.A
	N.A
	160



Regarding additional mandatory NCSG patterns other than GP#0 and #1, we see the necessity to introduce mandatory gap patterns at least for per-FR2 gaps. Otherwise, there is no mandatory NCSG to be used when network configure per-FR2 NCSG to UE. In this sense, it seems very straightforward to re-use the agreement we had in Rel-15, i.e., mandate GP#13 and #14 for UE supporting per-FR NCSG.
[bookmark: _Ref92101634]Proposal 4: In addition to NCSG GP#0 and #1, NCSG GP#13 and #14 are mandatorily supported for UE supporting per-FR NCSG. 
If we limit the discussion to NR-only measurement, in Rel-16 RAN4 had some further agreement on the mandatory GPs (e.g., #2, #3, #11, #17, #18, #19). The question here is whether NCSG should follow the same conclusions. In our view, as the NCSG ML is the same as the legacy gap ML, we do not see the difficulty for UE to also support additional mandatory NCSG for NR measurement only.
[bookmark: _Ref92101635]Proposal 5: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory.
Another issue we want to raise is about how network indicates the offset to NCSG. In legacy gap, the gap offset refers to the beginning of the gap MGL and is indicated based on ‘ms’ granularity with mgta (0.5ms for FR1 and 0.25ms for FR2) to slightly adjust the actual starting time. For NCSG, we could have 2 options, as illustrated in Figure 1. 
· Option 1: From the beginning of VIL1. 
· Option 2: With the same gap relative to the start of ML.
In our view, Option 1 is more straightforward, while Option 2 may mean that network does not need to re-configure the offset when transforming a legacy gap to an NCSG. In general, both options can work, but we slightly prefer Option 1 due to simplicity. 
[bookmark: _Ref92101636]Proposal 6: The offset of NCSG refers to the starting point of VIL1.
[image: ]
[bookmark: _Ref91775161]Figure 1. Two options on the reference point for NCSG offset indication
One following issue is about mgta. In our understanding, mgta was introduced to accommodate the issue that the gap offset is indicated based on ‘ms’ granularity but the RF re-tuning time is only a fraction of ms (e.g., 0.5ms in FR1 and 0.25 in FR2) in legacy gap. The introduction of mgta helps to advance RF re-tuning time. So that we can guarantee that the starting point of ML aligns with the slot#0, as illustrated in  Figure 2.
[image: ]
[bookmark: _Ref91777475]Figure 2. The motivation of introducing mgta for legacy gap. Take FR1 as an example.
The VIL1 of NCSG for FR1 is 1ms, which aligns with the gap offset granularity. Therefore, we believe that the NCSG can work well even if mgta is not configured. However, for FR2, the VIL1 is 0.75ms, which may not work with mgta 0.25ms, as shown in Figure 3. If we want the starting point of ML to align with the 1ms boundary, we need to introduce a negative mgta -0.25ms.
[image: ]
[bookmark: _Ref91781427]Figure 3. The motivation of introducing mgta -0.25ms for NCSG in FR2.
[bookmark: _Ref92101637]Proposal 7: Introduce a new mgta -0.25ms for NCSG in FR2 only.
4 UE capability and network configuration 
The open issues in [1] are captured below.
	[bookmark: _Hlk91782746]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

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


In last meeting, we found that companies’ comment to Issue 3-2 of [1] were not on the same page. Therefore, some clarification is needed. As we know, there are many different measurement types defined in current spec. Taking SSB-based measurement as an example, we have the 4 following measurement types:
1) Intra-frequency measurement without gap
2) Intra-frequency measurement with gap
3) Inter-frequency measurement with gap
4) Inter-frequency measurement without gap (Not to be handled by NCSG as agreed in Issue 4-3 of [1])
In our understanding, 1) should not be involved in the discussions, because it never requires any MG nor NCSG. Therefore, we never need to assume 1) to be measured via NCSG nor MG and it will not be considered in the UE capability report to network (i.e., Issue 3-2 of [1]). Regarding 2) and 3), RAN4 had agreed in [3] that they will be considered in NCSG scope. 
Extending from above example, we think it is important to clarify firstly the scope of measurement types to be considered in the discussions of Issue 3-2. According to the discussion so far, the measurement types are
· De-activated SCell measurement
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· TBD: Dormant SCell L3 measurement
· TBD: CSI-RS based inter-frequency measurement
In other words, if UE reports the capability ‘ncsg’ on a target band to network, UE should be able to support all measurement types via NCSG agreed by RAN4 on that target band. Note that intra-frequency measurement without gap and inter-frequency measurement without gap is not in the scope of this discussion. 
[bookmark: _Ref92101638]Proposal 8: Only those measurement types RAN4 agreed to be measured via NCSG will be considered when discussing the issue about NW configuration and corresponding UE behaviour (i.e., Issue 3-2 of R4-2120305). 
[bookmark: _Ref92101639]Proposal 9: When UE reports the NCSG capability (‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’) on a target band to network, the reported capability applies to all measurement types agreed by RAN4 on that target band. 

With above understanding, we can now discuss the corresponding UE behavior under different combination of UE capabilities and network configurations. The main difference between Option 1 and Option 2 is on the case when UE can support a more advanced feature, but network configuration does not follow the UE capability, e.g., UE can do no-gap-no-ncsg but network configures NCSG or MG, or UE can do NCSG but network configures MG. In these cases, we tend to believe the intention of such a configuration is to ask UE to fallback, and UE simply just needs to follow network configurations. 
[bookmark: _Ref92101640]Proposal 10: When UE supports no-gap-no-ncsg on a target band but configured with NCSG or MG, UE performs the measurement on that target band based on NCSG or MG. When UE supports NCSG on a target band but configured with MG, UE performs the measurement on that target band based on MG.

Regarding Issue 3-3, Option 2 is currently not even considered in the baseline per-FR gap capability reporting for legacy MG. Therefore, we do not think it is the time to support this for NCSG. In later releases, we can consider enhancing both MG and NCSG reporting in this direction.
[bookmark: _Ref92101641]Proposal 11: Do not introduce per BC UE capability indication for per-UE and per-FR differentiation for NCSG on top of per-UE indication in Rel-17.

5 Measurement related requirements
The open issues in [1] are captured below.
	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


Regarding FR1 scheduling restriction, it seems RAN4 already has some consensus for intra-frequency measurement, but companies still have different views for inter-frequency case. 
· For intra-band case, we believe that UE may still have difficulty in measurement when DL/UL collision and/or mix-numerology happens between serving cell carrier and neighboring cell carrier. Therefore, scheduling restriction is needed. However, an inter-frequency layer may not be synchronous to UE’s serving cells. This means we are not able to adopt the scheduling restriction granularity down to symbol level. We need to assume the whole SMTC duration is restricted. 
· [bookmark: _Hlk92098093]For inter-band case, one reason to introduce scheduling restriction is due to the RF limitation on simultaneously Tx-Rx, e.g., when UE is transmitting UL signals on a band, UE’s measurements on a target band suffers from some degradation. The other reason is about mix-numerology. However, currently, we do not have the corresponding UE capability for simultaneous Tx-Rx and mix-numerology between an arbitrary inter-frequency and UE’s serving cells. A simple solution is to handle these by UE’s NCSG capability reporting (Just like FR2 IBM/CBM issue), i.e., UE reports ‘ncsg’ or ‘no-gap-no-ncsg’ on a target band, only if UE can support simultaneous TX-Rx and mix-numerology between this target band and UE’s serving cells.
[bookmark: _Ref92101642]Proposal 12: For FR1 intra-band, existing scheduling restriction requirements apply with the modification that all symbols in SMTC windows are restricted
[bookmark: _Ref92101643]Proposal 13: For FR1 inter-band, no scheduling restriction is needed. UE reports ‘ncsg’ or ‘no-gap-no-ncsg’ on a target band, only if UE can support simultaneous TX-Rx and mix-numerology between this target band and UE’s serving cells.
Regarding FR2, we believe that it can inherit everything from FR1 with the additional limitation due to IBM. In a bit detail, the intra-band case is already out because of CBM only. On inter-band case, UE reports ‘ncsg’ or ‘no-gap-no-ncsg’ on a target band, only if UE can support simultaneous TX-Rx, mix-numerology and IBM between this target band and UE’s serving cells.
[bookmark: _Ref92101644]Proposal 14: For FR2 inter-band, no scheduling restriction is needed. UE reports ‘ncsg’ or ‘no-gap-no-ncsg’ on a target band, only if UE can support simultaneous TX-Rx, mix-numerology and IBM between this target band and UE’s serving cells.

In last meeting, RAN4 agreed to create a new CSSF within NCSG, separated from CSSF within gap and CSSF outside gap. Regarding the exact calculation of the CSSF value, we suggest to simply count all the frequency layers that are assumed to be measured by NCSG.
[bookmark: _Ref92101645]Proposal 15: The value of CSSF within NCSG is the number of all frequency layers that are assumed to be measured by NCSG.

Regarding the delay requirement, we can start from inter-frequency measurement with gap and replace the MGRP of legacy gap by MGRP of the NCSG.
[bookmark: _Ref92101646]Proposal 16: The measurement delay requirements for NCSG can be defined by inter-frequency measurement with gap by replacing the MGRP of legacy gap by MGRP of the NCSG

6 Other RRM requirements
[bookmark: _Ref54117246]The open issues in [1] are captured below.
	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.
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 


In our view, a single bit in the current RRC signaling is already sufficient (e.g., within GapConfig). Exact detail is up to RAN2. There is no need to further introduce additional mechanism for transformation between NCSG and legacy gap.
[bookmark: _Ref92101647]Proposal 17: A single bit in the current RRC signaling for transformation between NCSG and legacy gap is already sufficient. No introduction of new mechanism is needed.

Regarding the mapping table between legacy gap and NCSG, we do believe that this is already necessary based on the RAN4 agreement [2] in the last meeting:
	Agreements: 
RAN4 will develop NCSG patterns corresponding to legacy gap patterns #0~#23


Besides, this mapping table is also the foundation when we further discuss the (conditional) mandatory NCSG patterns.
[bookmark: _Ref92101648]Proposal 18: RAN4 to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns.
7 Conclusion
In the contribution, we discuss the issues for NCSG. We have the following proposals: 
Proposal 1: RAN4 to work on CSI-RS based inter-frequency measurement requirement via NCSG after stabilizing the SSB-based requirements.
Proposal 2: It is feasible to support RRM measurement for dormant SCell via NCSG, but whether to limit it within NCSG is up to RAN4 decision.
Proposal 3: In FR2, NCSG is applicable only when the target cell is not in the same band with all serving cells and when UE is performing IBM between the target cell band and each of serving cell band(s).
Proposal 4: In addition to NCSG GP#0 and #1, NCSG GP#13 and #14 are mandatorily supported for UE supporting per-FR NCSG.
Proposal 5: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory.
Proposal 6: The offset of NCSG refers to the starting point of VIL1.
Proposal 7: Introduce a new mgta -0.25ms for NCSG in FR2 only.
Proposal 8: Only those measurement types RAN4 agreed to be measured via NCSG will be considered when discussing the issue about NW configuration and corresponding UE behaviour (i.e., Issue 3-2 of R4-2120305).
Proposal 9: When UE reports the NCSG capability (‘no-gap-no-ncsg’, ’ncsg’ and ‘gap’) on a target band to network, the reported capability applies to all measurement types agreed by RAN4 on that target band.
Proposal 10: When UE supports no-gap-no-ncsg on a target band but configured with NCSG or MG, UE performs the measurement on that target band based on NCSG or MG. When UE supports NCSG on a target band but configured with MG, UE performs the measurement on that target band based on MG.
Proposal 11: Do not introduce per BC UE capability indication for per-UE and per-FR differentiation for NCSG on top of per-UE indication in Rel-17.
Proposal 12: For FR1 intra-band, existing scheduling restriction requirements apply with the modification that all symbols in SMTC windows are restricted
Proposal 13: For FR1 inter-band, no scheduling restriction is needed. UE reports ‘ncsg’ or ‘no-gap-no-ncsg’ on a target band, only if UE can support simultaneous TX-Rx and mix-numerology between this target band and UE’s serving cells.
Proposal 14: For FR2 inter-band, no scheduling restriction is needed. UE reports ‘ncsg’ or ‘no-gap-no-ncsg’ on a target band, only if UE can support simultaneous TX-Rx, mix-numerology and IBM between this target band and UE’s serving cells.
Proposal 15: The value of CSSF within NCSG is the number of all frequency layers that are assumed to be measured by NCSG.
Proposal 16: The measurement delay requirements for NCSG can be defined by inter-frequency measurement with gap by replacing the MGRP of legacy gap by MGRP of the NCSG
Proposal 17: A single bit in the current RRC signaling for transformation between NCSG and legacy gap is already sufficient. No introduction of new mechanism is needed.
Proposal 18: RAN4 to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns.
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