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Introduction
A WF on Network Controlled Small Gap (NCSG) has also been approved in RAN4 #101-e meeting [1]. In this contribution, we will provide our view on the remaining issues of NCSG for RRM measurement gap enhancement in Rel-17.
Discussion
2.1 Scenarios and use cases
	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.N/A
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


From technology perspective, we agree that inter-frequency CSI-RS can be measured by NCSG if UE has a spare BB/RF chain. However, it is not necessary to support NCSG for inter-frequency CSI-RS measurement. One the one hand, inter-frequency CSI-RS can only be measured within MG in Rel-16. If target CSI-RS is configured with quite large bandwidth, UE power efficiency may be impacted. On the other hand, the time budget for MG enhancement is limited and there are a lot of important issues to discuss. So, we prefer to focus on SSB based measurement and extending to CSI-RS measurement can be done in the next release.
Proposal 1: Not support NCSG for CSI-RS based inter-frequency measurement with gap.
According to the discussion in the last RAN4 meeting, the main concern for supporting NCSG in EN-DC, NE-DC and NR-DC scenario is whether Scell addition/release of one CG can be known by the other CG, which will further change the situation of spare BB/RF chains. If NCSG is supported in MR-DC scenario, additional work on inter-node coordination or UE reporting is required. Due to the short timeline, we prefer to postpone MR-DC scenario.
Proposal 2: Not support NCSG in MR-DC scenario.
For NCSG in FR2, we can support both UE reporting and network signalling like SSB based inter-frequency measurement in Rel-16. For the conditions like IBM capability or equipped with spare BB/RF chains in option 1, we are open to further discuss them. Instead of reporting all the different capabilities, UE can report whether NCSG can be configured for a band by the single “needForGap” indication according the conditions agreed in RAN4.   
Proposal 3: For NCSG in FR2, study both UE capability reporting in option 1 and network signalling in option 3, where UE capability can be indicated by “needForGap”.    
2.2 NCSG pattern 
	Agreement:
· NOT consider VIL as a part of NCSG pattern, i.e. only keep measurement length and repetition periodicity in the pattern design, and capture VIL separately as interruption requirements (similar to Table 9.1.2-4 in TS38.133).
· RAN4 confirms the agreement in RAN4#100e regarding length of VIL:
· 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.
· Exact number of interrupted slots will be discussed directly on CR in next meeting.


The absolute VIL is agreed as 1ms in FR1 and 0.75ms in FR2, which leads to X=1/2/4 slots for 15/30/60 kHz SCS in FR1, and X=3/6 slots for 60/120 kHz SCS in FR2. It is sufficient to define interruption as X slots for synchronous scenarios or X+1 slots for asynchronous scenarios. One special case is when MG timing advance is 0ms for synchronous scenario, the VIL of 1ms will overlap two consecutive slots for 15 kHz SCS and interrupted slots should be 2.


(a) MG timing advance = 0ms for synchronous scenario


(b) MG timing advance = 0.5ms for synchronous scenario


(c) MG timing advance = 0ms for asynchronous scenario


(d) MG timing advance = 0.5ms for asynchronous scenario
Proposal 4: The number of interrupted slots corresponding to VIL in NCSG could be defined as the following tables.  
Table 1: Total number of interrupted slots corresponding VIL in NCSG 
	FR range
	SCS
[kHz]
	Synchronous 
	Asynchronous 

	
	
	Mgta=0ms
	Mgta>0ms
	Mgta=0ms
	Mgta>0ms

	FR1
[1ms]
	15
	2
	1
	2
	2

	
	30
	2
	2
	3
	3

	
	60
	4
	4
	5
	5

	FR2
[0.75ms]
	60
	3
	3
	4
	4

	
	120
	6
	6
	7
	7

	NOTE1: the total number of interrupted slots will be 2*VIL.
NOTE2: the RRT should be covered by VIL, but the exact location of RRT is up to UE implementation.



	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.


[bookmark: _GoBack]Regarding to UE capability on NCSG gap patterns, it is better to follow the principle of legacy MG. In Rel-15, MG #0 and #1 are mandatorily supported without any UE capability reporting, and MG #13 and #14 are also mandatorily supported for FR2, but UE capability reporting is needed. These MG patterns could provide long MGL (6ms or 5.5ms) with the most common periodicity (40ms or 80ms) in practice, and it is reasonable to support the corresponding NCSG patterns. In addition, Rel-16 introduced more mandatory MG patterns (#2, #3, #11, #17, #18 and #19), but it is not beneficial to mandatorily supporting the corresponding NCSG due to the relative short MGL (3ms or 3.5ms). In summary, our first preference is to keep NCSG patterns corresponding to MG patterns #0 and #1 mandatory, and can also compromise to the add NCSG patterns corresponding to MG #13 and #14 in FR2 for per-FR capable UE.
Proposal 5a: Only NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported.
Proposal 5b: NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported for all UE, NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE.
2.3 NW configuration and corresponding UE behaviour 
	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 with only legacy gap interruption allowed Measurement within MG

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


The meaning of “measurement within MG” in the tables above is not clear for us. One interpretation is whether the basic time interval for measurement period is defined as MGRP or SMTC period. Another interpretation is CSSF is derived within gap or outside gap. We think the intention is the former one, then option 2 can be supported since it is aligned with that in Rel-16. Further for case 3b and 3c, CSSF and Kp depend on the overlap between MG/NCSG and SMTC.
· If SMTC is fully non-overlapped with MG/NCSG: Kp=1, and use CSSF outside MG/NCSG
· If SMTC is partially overlapped with MG/NCSG: Kp=1/(1- (SMTC period /MGRP)) or Kp=1/(1- (SMTC period /NCSG period)), and use CSSF outside MG/NCSG
· If SMTC is fully overlapped with MG/NCSG: Kp=1, and use CSSF within MG/NCSG
Proposal 6: For network configuration and corresponding UE behaviour, support option 2 to determine whether MG/NCSG period or SMTC period is used as the basic time interval for measurement period.
Proposal 7: For case 3b and 3c, CSSF and Kp depend on the overlap between MG/NCSG and SMTC.
· If SMTC is fully non-overlapped with MG/NCSG: Kp=1, and use CSSF outside MG/NCSG
· If SMTC is partially overlapped with MG/NCSG: Kp=1/(1- (SMTC period /MGRP)) or Kp=1/(1- (SMTC period /NCSG period)), and use CSSF outside MG/NCSG
· If SMTC is fully overlapped with MG/NCSG: Kp=1, and use CSSF within MG/NCSG

	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. 


Although per BS indication is more flexible, introducing per BC indication for NCSG is too late and will lead to misalignment with MG indication. So we prefer to reuse Rel-15 framework and not define dedicated indication for NCSG. 
Proposal 8: Not introduce additional per BC indication for NCSG. 
Conclusion
In this contribution, we discuss the RRM core requirements for NCSG and give the following proposals. 
Proposal 1: Not support NCSG for CSI-RS based inter-frequency measurement with gap.
Proposal 2: Not support NCSG in MR-DC scenario.
Proposal 3: For NCSG in FR2, study both UE capability reporting in option 1 and network signalling in option 3, where UE capability can be indicated by “needForGap”.
Proposal 4: The number of interrupted slots corresponding to VIL in NCSG could be defined as the following tables.  
Table 1: Total number of interrupted slots corresponding VIL in NCSG 
	FR range
	SCS
[kHz]
	Synchronous 
	Asynchronous 

	
	
	Mgta=0ms
	Mgta>0ms
	Mgta=0ms
	Mgta>0ms

	FR1
[1ms]
	15
	2
	1
	2
	2

	
	30
	2
	2
	3
	3

	
	60
	4
	4
	5
	5

	FR2
[0.75ms]
	60
	3
	3
	4
	4

	
	120
	6
	6
	7
	7

	NOTE1: the total number of interrupted slots will be 2*VIL.
NOTE2: the RRT should be covered by VIL, but the exact location of RRT is up to UE implementation.


Proposal 5a: Only NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported.
Proposal 5b: NCSG patterns corresponding to legacy patterns #0 and #1 are mandatorily supported for all UE, NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE.
Proposal 6: For network configuration and corresponding UE behaviour, support option 2 to determine whether MG/NCSG period or SMTC period is used as the basic time interval for measurement period.
Proposal 7: For case 3b and 3c, CSSF and Kp depend on the overlap between MG/NCSG and SMTC.
· If SMTC is fully non-overlapped with MG/NCSG: Kp=1, and use CSSF outside MG/NCSG
· If SMTC is partially overlapped with MG/NCSG: Kp=1/(1- (SMTC period /MGRP)) or Kp=1/(1- (SMTC period /NCSG period)), and use CSSF outside MG/NCSG
· If SMTC is fully overlapped with MG/NCSG: Kp=1, and use CSSF within MG/NCSG
Proposal 8: Not introduce additional per BC indication for NCSG. 
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