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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In RANP#89 e-meeting, a new WI for NR and MR-DC measurement gap enhancements was approved [1]. One of the topics in this WI is Network Controlled Small Gap. 
	Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· RRM requirements for NCSG [RAN4]
i. Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
ii. Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
iii. Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
iv. Measurement requirements with NCSG
· Specification of applicability of NCSG patterns [RAN4]
· Procedures and signaling for NCSG patterns [RAN2] 


In this paper, we will discuss the detail for Network Controlled Small Gap. 
2 Backgrounds 
[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 related band combination and have additional RF chains during the 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 1: Intra-frequency measurements with MG, inter-frequency measurements with MG or Inter-RAT measurements may use NCSG instead of MG when UE supports related band combination and have additional RF chains during the 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’ in some band combination by RRC configuration. When UE reports ‘no gap’ for some specific bands, it means measurement gap is unnecessary on these bands. However, there is an ambiguity left in Rel-16 that with ‘no gap’ UE is still allowed to cause interruptions or not. 
Observation 1: In Rel-16 NeedForGap’ mechanism, there is an ambiguity left that with ‘no gap’ UE is still allowed to cause interruptions or not.
In our understanding, NCSG is exactly the same 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 re-use this NeedForGap reporting for NCSG and further clarify ‘no gap’ means ‘NCSG’ with interruption. In our view, this could bring the following benefits:
· Resolve the ambiguity on whether interruption is allowed when UE indicate ‘no gap’ in NeedForGap’;
· Avoid complicated interpretation when both NeedForGap and NCSG capabilities are reported;
· More practical to UE implementation since interruption is always allowed.
[bookmark: _Ref61447682]Proposal 2: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equalling NCSG. 
4 NCSG pattern
In legacy LTE, NCSG pattern was already defined. In NR, a similar VIRP, VIL, 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 legacy NR is to allow UE to skip data RX/Tx, which contradicts to the concept of NCSG. Thus, gap pattern #24 and #25 won’t apply to NCSG.
[bookmark: _Ref61202968]Proposal 3: The NR gap patterns #0~23 can be used to NCSG pattern and gap patterns #24 and #25 won’t apply to NCSG.
In NR, VIL may be different due to FR1 and FR2. RAN4 had already defined the RF switching time is 0.5ms for FR1 and 0.25ms for FR2. Thus, we can define the VIL length as 0.5ms for FR1 and 0.25ms for FR2 directly. The overall interruption length depends on aggressor reference cell VIL and victim cell’s SCS. 
· For per-UE-gap, total interruption time on a serving cell during VIL is defined based on VIL(N) = 0.5ms, 
· For per-FR FR1-gap, total interruption time on FR1 serving cells during VIL is defined only based on VIL(N) = 0.5ms, 
· For per-FR FR2-gap,  total interruption time on FR2 serving cells during MGL is defined only based on VIL(N) = 0.25ms.


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


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


Figure 3. NCSG gap 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.



[bookmark: _Ref61202972]Proposal 4: Both VIL length before and after measurements can be 0.5ms for per-UE gap and FR1 gap. Both VIL length before and after measurements can be 0.25ms for FR2 gap.
[bookmark: _Ref61202976]Proposal 5: For NCSG, the requirements related to MGTA and impact to UL transmission follow Rel-15.
[bookmark: _Ref61202980]Proposal 6: For NCSG, the VIRP is the same as MGRP in Rel-15. 
[bookmark: _Ref61202983]Proposal 7: The overall interrupted slots (before and after ML) is 3 for asynchronous operation when victim cell’s SCS=15KHz and VIL=0.5ms in FR1.
5 Applicability Rule
When UE reports supporting NCSG because of additional unused RF chains, it also 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 how to interpret the meaning for reported capability for 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 in the table below. It doesn’t mean UE can perform measurements in parallel for B3 and B4. Thus, UE cannot measure multiple inter-frequencies/Inter-RAT per measurement gap even though UE reports NCSG for related bands.
	CC
	B1
	B2
	B3
	B4

	B1+B2
	0
	0
	0
	0


[bookmark: _Ref61202986]Proposal 8: UE is not expected to measure 2 inter-freq/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 the frequencies in these bands together with reception/transmission data or measurement in active serving cells depends Rx beam limitation.
· For FR2 intra-band, it shall assume UE will use the same Rx beam to receive the signals at one time. UE cannot simultaneously receive data or perform L1 measurements together with L3 measurement by NCSG because UE shall use fine beam to receive the data/L1 measurement but use rough beam to perform L3 measurements. 
UE also cannot 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 CBM, the scenario will be similar as FR2 intra-band. UE may still not receive the data, perform L1 or L3 measurements for active serving cells and measure an inter-frequency via NCSG in parallel because UE must use the same Rx beam to receive the signals for these bands as the active serving cells. 
[bookmark: _Ref61202993]Proposal 9: For FR2 intra-band or inter-band with CBM, UE can’t receive data or perform L1 or L3 measurements simultaneously with inter-frequency L3 measurement even if UE claims NCSG for these bands.
Searcher Limitation
In Rel-15, due to hardware limitation, UE is only required to support at least two searchers for NR measurements. Although UE supports NCSG for some NR bands, UE can only measure at most two NR frequencies at a time. However, there is no limitation for inter-RAT measurements. Thus, UE may be able to measure an additional inter-RAT with NR serving cell measurements at a time. For example, when UE performs intra-frequency measurements for PCell and one SCell, this inter-RAT frequency which belongs to a NCSG band can be measured at the same time.
[bookmark: _Ref61202996]Proposal 10: Due to no searcher limitation, when UE performs intra-frequency measurements for PCell and one SCell. FFS whether an additional inter-RAT measurement for NCSG band can also be performed in parallel.
6 NCSG measurements type
A general issue for RAN4 to discuss is how to classify the frequencies with NCSG and the type of NCSG gap. 
· Reuse CSSFwithin_gap
In legacy LTE, when there is no measurement gap configured among PCell and SCell(s), the NW can explicitly configures the NCSG gap pattern. In other words, NCGS only replaces the legacy gap, but cannot be configured simultaneous with the legacy gap. The CSSFwithin_gap can be simply reused for NCSG. However, when there is still measurement gap configured for some frequency layers’ measurements, NW cannot configure NCSG. 

· Reuse CSSFwithout_gap
In Rel-16 NR, a type of inter-frequency without gap was introduced. These frequencies can be scaling by CSSFwithout_gap. The NCSG frequencies can be treated similar as inter-frequency measurement without gap. Owing to the frequency layers without gap can be measured in parallel, it obviously has the benefit of reducing the UE measurement latencies, which is positive for the overall system performance.

· Introduce CSSFwithin_NCSG
The UE’s behaviour for NCSG is different with legacy MG and without MG because NCSG means limited interruption. In other words, NW can configures both legacy MG and NCSG. The NCSG can be believed as a new type when UE performs measurement. UE’s measurement scheduling for the NCSG frequency will be the same as frequency measured within gap. The benefit for NCSG is NW can still schedule data for active serving cells when UE perform measurements for these NCSG frequency layers.
[bookmark: _Ref61448043]Proposal 11: RAN4 to discuss the type of NCSG as follow.
· Option 1: Reuse CSSFwithin_gap 
NW configures NCSG to replace legacy gap. 
· Option 2: Reuse CSSFwithout_gap 
NW configures NCSG simultaneously with legacy gap, and the frequencies of NCSG can be included in CSSFwithout_gap similar as inter-frequency without gap.
· Option 3: Introduce CSSFwithin_NCSG 
NW configures NCSG simultaneously with legacy gap, and NCSG can be believed as a new type of gap.
7 L1 measurements parallel with NCSG
In FR1, due to omnidirectional antennas, the L3 measurements in NCSG can be performed simultaneously with L1 measurements. However, in FR2, L3 measurements in NCSG may not be performed simultaneously with L1 measurements because of Rx beam reception. The main difference with the relation between measurement gap and L1 measurements is L1 measurements can still be performed during NCSG ML. The sharing relation for NCSG, SMTC for intra-frequency measurements and L1 measurements is shown as following table. (NCSG means the SMTC occasions for inter-frequency measurements with NCSG; SMTC means the SMTC occasions for intra-frequency measurements; L1 measurements means the SSB occasion for L1 measurements)
[bookmark: _Ref61203000]Proposal 12: The relation for these type of parallel measurements are shown as follow.  
(NCSG means the SMTC occasions for inter-frequency measurements with NCSG; intra-frequency SMTC means the SMTC occasions for intra-frequency measurements; L1 measurements means the SSB occasion for L1 measurements) 
	
	NCSG
	intra-frequency SMTC
	L1 measurements

	NCSG
	-
	-
	-

	intra-frequency SMTC
	1. Intra-band: can’t perform in parallel
2. Inter-band
a. IBM: perform in parallel
b. CBM: can’t perform in parallel          
	-
	-

	L1 measurements
	1. Intra-band: can’t perform in parallel
2. Inter-band
a. IBM: perform in parallel
b. CBM: can’t perform in parallel
	can’t perform in parallel 
	-



8 Conclusion
In the contribution, we discuss the issues for concurrent gap. We have the following proposals: 
Proposal 1: Intra-frequency measurements with MG, inter-frequency measurements with MG or Inter-RAT measurements may use NCSG instead of MG when UE supports related band combination and have additional RF chains during the measurements.
Proposal 2: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equalling NCSG.
Proposal 3: The NR gap patterns #0~23 can be used to NCSG pattern and gap patterns #24 and #25 won’t apply to NCSG.
Proposal 4: Both VIL length before and after measurements can be 0.5ms for per-UE gap and FR1 gap. Both VIL length before and after measurements can be 0.25ms for FR2 gap.
Proposal 5: For NCSG, the requirements related to MGTA and impact to UL transmission follow Rel-15.
Proposal 6: For NCSG, the VIRP is the same as MGRP in Rel-15.
Proposal 7: The overall interrupted slots (before and after ML) is 3 for asynchronous operation when victim cell’s SCS=15KHz and VIL=0.5ms in FR1.
Proposal 8: UE is not expected to measure 2 inter-freq/RAT layers in parallel even if UE reports the support of NCSG to both corresponding bands.
Proposal 9: For FR2 intra-band or inter-band with CBM, UE can’t receive data or perform L1 or L3 measurements simultaneously with inter-frequency L3 measurement even if UE claims NCSG for these bands.
Proposal 10: Due to no searcher limitation, when UE performs intra-frequency measurements for PCell and one SCell. FFS whether an additional inter-RAT measurement for NCSG band can also be performed in parallel.
Proposal 11: RAN4 to discuss the type of NCSG as follow.
· Option 1: Reuse CSSFwithin_gap 
NW configures NCSG to replace legacy gap. 
· Option 2: Reuse CSSFwithout_gap 
NW configures NCSG simultaneously with legacy gap, and the frequencies of NCSG can be included in CSSFwithout_gap similar as inter-frequency without gap.
· Option 3: Introduce CSSFwithin_NCSG 
NW configures NCSG simultaneously with legacy gap, and NCSG can be believed as a new type of gap.
Proposal 12: The relation for these type of parallel measurements are shown as follow.
(NCSG means the SMTC occasions for inter-frequency measurements with NCSG; intra-frequency SMTC means the SMTC occasions for intra-frequency measurements; L1 measurements means the SSB occasion for L1 measurements) 
	
	NCSG
	intra-frequency SMTC
	L1 measurements

	NCSG
	-
	-
	-

	intra-frequency SMTC
	3. Intra-band: can’t perform in parallel
4. Inter-band
a. IBM: perform in parallel
b. CBM: can’t perform in parallel          
	-
	-

	L1 measurements
	3. Intra-band: can’t perform in parallel
4. Inter-band
c. IBM: perform in parallel
d. CBM: can’t perform in parallel
	can’t perform in parallel 
	-
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4j+2+4(N+1)
4j+3+4(N+1)
4j
4j+1
4j+2
4j+3
8j+1+8
8j+2+8
8j+3+8
8j+4+8
8j+5+8
8j+6+8
8j+7+8
8j
8j+1
8j+2
8j+3
8j+4
8j+5
8j+6
8j+7
8j+8(N+1)
8j+1+8(N+1)
8j+2+8(N+1)
8j+3+8(N+1)
8j+4+8(N+1)
8j+5+8(N+1)
8j+6+8(N+1)
8j+7+8(N+1)
8j+8N
8j+1+8N
8j+2+8N
8j+3+8N
8j+4+8N
8j+5+8N
8j+6+8N
8j+7+8N
Visible Interruption Length2 (VIL2)



