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1. Introduction
A new R17 work item regarding measurement gap enhancement was approved in [1, 2]. The objectives in the latest WID [2] are duplicated here for information.

1. Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
0. RRM requirements for pre-configured MG pattern(s) [RAN4]
0. Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
0. Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
0. Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
0. Specification of applicability of pre-configured MG pattern(s) [RAN4]
0. Procedures and signaling for pre-configured MG pattern(s) [RAN2]
0. Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input
1. Multiple concurrent and independent MG patterns [RAN4, RAN2]
0. RRM requirements for concurrent and independent MG patterns [RAN4] 
0. Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
0. Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
0. Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
0. Define the corresponding measurement requirements
0. Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
0. Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
0. Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input
1. Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
0. RRM requirements for NCSG [RAN4]
0. Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 
0. Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)
0. Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL
0. Measurement requirements with NCSG
0. Specification of applicability of NCSG patterns [RAN4]
0. Procedures and signaling for NCSG patterns [RAN2]
Notes:
1. The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
1. The work on all objectives should consider UEs in RRC CONNECTED mode only. 
The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.
In this contribution, we will focus on the third objective: Network Controlled Small Gap (NCSG).
2. Discussion
According to the approved work plan in the last RAN4#97e [3], RAN4 is to discuss NCSG design, including VIL, ML and VIRP, for different numerologies in FR1 and FR2:
	1) 3GPP RAN4 #98e meeting (January, 2021, 1TU, Core part)
· Discussions on : 
· Pre-configured MG pattern(s)
· Initial discussion on the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch. 
· Initial discussion on applicability of pre-configured MG pattern(s). 
· Multiple concurrent and independent MG patterns
· Initial discussion on maximum number of concurrent and independent MG patterns active at any time. 
· Initial discussion on applicability of multiple concurrent and independent gap patterns. 
· Network Controlled Small Gap (NCSG) specification
· Initial discussion on NCSG design, including VIL, ML and VIRP, for different numerologies in FR1 and FR2.
· Agreements on:
· Technical aspects of RRM requirements of each objective 



The concept of NCSG in LTE was introduced in release 14. Corresponding design can be found TS36.133 clause 8.1.2.1.2, including VIL1, VIL2, ML and VIRP. The intention of NCSG in NR is quite similar with that in LTE, i.e. to allow UE to perform measurement using some spare RF chain. Some visible interruption (VIL1 and VIL2) is allowed due to RF on/off at the beginning and end of the MG. UE is required to stay connection with serving cells (keep data Tx/Rx) during ML. Therefore, it is straightforward that the concept of NCSG in LTE can be borrowed here for NR.
[bookmark: _Ref61043344]Proposal 1: VIL, ML and VIPR in NR NCSG can be defined as:
· VIL1 is the visible interruption length before measurement. During VIL1 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· ML is the measurement length. During ML UE is expected to transmit and receive data on the corresponding serving cell(s).
· VIL2 is the visible interruption length after measurement. During VIL2 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· VIRP is the visible interruption repetition period.

In release 16 there are 26 MG patterns in total. In our understanding, NR NCSG pattern design can be based on the existing MG patterns. Correspondingly we can introduce 26 NCSG patterns with MGRP = VIRP and MGL = VIL1+ML+VIL2. 
[bookmark: _Ref61043347]Proposal 2: based on legacy R16 MG patterns, 26 NCSG patterns can be introduced with MGRP = VIRP and MGL = VIL1+ML+VIL2.

Since interruption during NCSG results from RF on/off and retuning, it is rational to differentiate UE supporting per-FR gap or not. If UE supports per-FR gap, then VIL should only be allowed in the same FR wherein there is NCSG operation. Otherwise, VIL should be allowed on all the serving cells in both FR1 and FR2.
[bookmark: _Ref61043354]Proposal 3: 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. 

According to P2, once VIL1 and VIL2 are determined, the whole NCSG patterns can be decided. For both VIL1 and VIL2, RF switching time (power on/off or BW adjustment) contribute the most. We think it is quite straightforward to use same RF switching time as defined in R15/16, which is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2. 
[bookmark: _Ref61043360]Proposal 4: switching time in VIL1 and VIL2 should be 0.5ms and 0.25ms for FR1 and FR2, respectively. Actual interruption length depends on VIL on aggressive cell and SCS of the victim cell.

When capturing that in our specification, we may want to translate VIL1 and VIL2 into the number of slots for different scenarios. In LTE the length of VIL1 is always 1 subframe on both DL and UL. Theoretically, as long as the following condition is met, there will be additional interruption on the next slot.

In other word, as long as the red block (switching time) in slot i+1 covers more than CP in slot i+2 in uplink, then uplink slot i+2 will also be interrupted. 
[image: Graphical user interface, application, table

Description automatically generated with medium confidence]
Figure 1  in 15kHz (not a practical scenario)
In LTE, the above condition can only be achieved if the UE is more than 77km away from eNB. Although in theory LTE can support 100km cell radius, 77km is definitely not a typical cell radius. Even if we consider 30+ MRTD/MTTD in inter-band CA, the above condition is impossible in typical scenario. NR 15kHz SCS is quite similar. However, there may be additional interruption on asynchronous serving cells.
Regarding VIL2, since switching sometimes occurs at the end of the downlink slot, there is higher possibility that additional slot gets polluted compared to VIL1. Theoretically, as long as the following condition is met, there will be additional interruption on the next slot:

Actually,  is quite likely to happen in real practise.  itself can be larger than CP. 
[image: A picture containing table

Description automatically generated]
Figure 2  in 15kHz
Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void


Even if ,  can also be larger than CP even for 15kHz SCS.
[bookmark: _Ref61043368]Proposal 5: VIL1 = 1 slot in both DL and UL on synchronous victim cells in 15kHz. VIL1 = 2 slot in both DL and UL on asynchronous victim cells in 15kHz.
[bookmark: _Ref61043372]Proposal 6: for synchronous victim cells in 15kHz. VIL2 = 1 slot on DL and VIL2 = slots on UL. For asynchronous victim cells in 15kHz, one more slot interruption is allowed on VIL2 DL.

While for victim cells with larger SCS, the situation becomes different. Take 30kHz for instance, 0.5ms equals the slot length. With some timing advance, it is quite likely that VIL can impact additional slot on uplink.
[image: A picture containing graphical user interface

Description automatically generated]
Figure 2 NCSG in 30kHz
Similar observations can be made for 60kHz and 120kHz.
[bookmark: _Ref61043377]Proposal 7: VIL1 and VIL2 on UL are one more slot longer than that on DL for 30kHz, 60kHz and 120kHz in synchronous case.
[bookmark: _Ref61043381]Proposal 8: summary of VIL1 and VIL2:
	[image: ] (victim cell)
	NR Slot length (ms) 
	VIL1 and VIL2 (slots)

	
	of victim cell
	Sync
	Async

	0
	1
	VIL1 = (DL: 1 & UL: 1)
VIL2 = (DL: 1 & UL: 2)
	DL: 2
UL: 2

	1
	0.5
	Aggressor cell is on FR1
	DL: 1 
UL: 2
	DL: 2
UL: 2

	
	
	Aggressor cell is on FR2
	VIL1 = (DL: 1 & UL: 1)
VIL2 = (DL: 1 & UL: 2)
	DL: 2
UL: 2

	2
	0.25
	Aggressor cell is on FR1
	DL: 2 
UL: 3 
	DL: 3 
UL: 3

	
	
	Aggressor cell is on FR2
	DL: 1 
UL: 2
	DL: 2
UL: 2

	3
	0.125
	Aggressor cell is on FR1
	DL: 4 
UL: 5  
	DL: 5 
UL: 5  

	
	
	Aggressor cell is on FR2
	DL: 2 
UL: 3  
	DL: 3 
UL: 3  



One thing that needs to be highlighted is how to indicate the support of NCSG. The support of legacy MG patterns is based on fixed UE capability. However, whether NCSG can be supported highly depends on the usage of UE RF chains. For instance, a CA capable UE is equipped with two RF chains. If the UE is working on a single carrier (band) operation, it can measure other bands using the spare RF chain. Thus, it can support NCSG. But if the UE is working on two bands CA, which means there is no any spare RF chain anymore, the UE cannot support NCSG and legacy MG pattern is needed for UE to measure other bands. Therefore, the support of NCSG can be dynamically changed. This is quite similar to NeedForGap structure introduced in R16. 
[bookmark: _Ref61043385]Proposal 9: signalling structure of NeedForGap in R16 can be used as baseline when discussing the support of NCSG.
3. Conclusion
In this contribution, we provide initial discussion on network controlled small gap in R17 MG enhancement work item. After discussion the following conclusions are made:
Proposal 1: VIL, ML and VIPR in NR NCSG can be defined as:
· VIL1 is the visible interruption length before measurement. During VIL1 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· ML is the measurement length. During ML UE is expected to transmit and receive data on the corresponding serving cell(s).
· VIL2 is the visible interruption length after measurement. During VIL2 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· VIRP is the visible interruption repetition period.
Proposal 2: based on legacy R16 MG patterns, 26 NCSG patterns can be introduced with MGRP = VIRP and MGL = VIL1+ML+VIL2.
Proposal 3: 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.
Proposal 4: switching time in VIL1 and VIL2 should be 0.5ms and 0.25ms for FR1 and FR2, respectively. Actual interruption length depends on VIL on aggressive cell and SCS of the victim cell.
Proposal 5: VIL1 = 1 slot in both DL and UL on synchronous victim cells in 15kHz. VIL1 = 2 slot in both DL and UL on asynchronous victim cells in 15kHz.
Proposal 6: for synchronous victim cells in 15kHz. VIL2 = 1 slot on DL and VIL2 = slots on UL. For asynchronous victim cells in 15kHz, one more slot interruption is allowed on VIL2 DL.
Proposal 7: VIL1 and VIL2 on UL are one more slot longer than that on DL for 30kHz, 60kHz and 120kHz in synchronous case.
Proposal 8: summary of VIL1 and VIL2:
	[image: ] (victim cell)
	NR Slot length (ms) 
	VIL1 and VIL2 (slots)

	
	of victim cell
	Sync
	Async

	0
	1
	VIL1 = (DL: 1 & UL: 1)
VIL2 = (DL: 1 & UL: 2)
	DL: 2
UL: 2

	1
	0.5
	Aggressor cell is on FR1
	DL: 1 
UL: 2
	DL: 2
UL: 2

	
	
	Aggressor cell is on FR2
	VIL1 = (DL: 1 & UL: 1)
VIL2 = (DL: 1 & UL: 2)
	DL: 2
UL: 2

	2
	0.25
	Aggressor cell is on FR1
	DL: 2 
UL: 3 
	DL: 3 
UL: 3

	
	
	Aggressor cell is on FR2
	DL: 1 
UL: 2
	DL: 2
UL: 2

	3
	0.125
	Aggressor cell is on FR1
	DL: 4 
UL: 5  
	DL: 5 
UL: 5  

	
	
	Aggressor cell is on FR2
	DL: 2 
UL: 3  
	DL: 3 
UL: 3  


Proposal 9: signalling structure of NeedForGap in R16 can be used as baseline when discussing the support of NCSG.
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