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[bookmark: _Toc116995841]Introduction
This paper presents Nokia’s view on RRM aspects related to further enhancements of measurement gaps for Rel-18 [1]. In particular, it presents our view on open issues for Case 2 requirements as discussed at RAN4 #105 [2], i.e. the combination of NCSG and concurrent MG and lists corresponding proposals.
[bookmark: _Toc116995842]Discussion
Open issues in [2]
At last RAN4 #105, discussion on Case 2 requirements was continued. Following open issues are contained in [2]. 
	Issue 4-1-1: [Case 2] Whether to consider NCSG + NCSG in an FR
< Agreement >: 
· Narrow down options to Option 1 and 3
· Option 1: Yes. FFS whether the same RF chain is assumed for the two NCSG patterns.
· Option 3: Yes, up to UE capability



Agreement was achieved at RAN4 #105 to consider the combination of NCSG’s in an FR for Case 2 requirements, similar as the inclusion of the combination of Pre-MG’s for Case 1 requirements. Discussion was again related to the signalling support for NCSG+NCSG.
NCSG in Rel-17 is bound to the capability of the UE to have a spare RF chain. Thus, if the combination of two NCSG’s is considered for Rel-18, independent NCSG patterns are assumed. If the NCSG patterns do not overlap, one spare RF chain may be sufficient. However, if the NCSG patterns have partially full overlap or fully full overlap, two spare RF chains are needed. Thus, UE needs to indicate its capability on number of receiver chains per band to the network.
Support of NCSG+NCSG in an FR is indicated by UE, thereby signalling its capability on number of receiver chains per band to the network.
	Issue 4-1-3: [Case 2] Whether to support the following scenarios for NCSG+NCSG
< Wayforward>: 
· FFS: RAN4 to study possibility of parallel measurements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.



In fact, related to CA scenario, SCells may be in the same band or in a different band as the PCell. Thus, if two NCSG patterns are used to monitor not aligned SMTC windows (non-overlapping NCSG patterns), then single spare RF chain may serve well to allow for parallel measurements. If the SMTC windows in the same band or in different bands are aligned, then single spare RF chain per band is necessary to perform parallel measurements. In our view, these scenarios should be studied taking into account different UE capability wrt number of receive chains per band. 
RAN4 to study possibility of parallel measurements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.
	Issue 4-1-4: [Case 2] Detail combinations for UE supporting per-FR gap
< Wayforward>: 
· FFS.



In our view, the following gap combination configurations should be considered for Case 2 requirements:



	Gap Combination
Configuration Id 
	The number of simultaneously active measurement gap and NCSG patterns

	
	NCSG
	Concurrent MG
	NCSG + concurrent MG

	
	Per-FR1 
	Per-FR2

	Per-UE
	Per-FR1 
	Per-FR2 
	Per-UE 
	sum

	0
	0
	0
	1
	0
	0
	1
	2

	1
	0
	1
	0
	0
	0
	1
	2

	2
	1
	0
	0
	0
	0
	1
	2

	3
	1
	1
	0
	0
	0
	1
	3

	4
	0
	0
	1
	0
	1
	0
	2

	5
	0
	1
	0
	0
	1
	0
	2

	6
	1
	0
	0
	0
	1
	0
	2

	7
	1
	1
	0
	0
	1
	0
	3

	8
	0
	0
	1
	1
	0
	0
	2

	9
	0
	1
	0
	1
	0
	0
	2

	10
	1
	0
	0
	1
	0
	0
	2

	11
	1
	1
	0
	1
	0
	0
	3

	12
	0
	0
	1
	1
	1
	0
	3

	13
	0
	1
	0
	1
	1
	0
	3

	14
	1
	0
	0
	1
	1
	0
	3

	15
	2
	0
	0
	0
	0
	0
	2

	16
	2
	0
	0
	0
	1
	0
	3

	17
	0
	2
	0
	0
	0
	0
	2

	18
	0
	2
	0
	1
	0
	0
	3

	19
	0
	0
	2
	0
	0
	0
	2

	20
	0
	0
	0
	2
	0
	0
	2

	21
	0
	1
	0
	2
	0
	0
	3

	22
	0
	0
	0
	0
	2
	0
	2

	23
	1
	0
	0
	0
	2
	0
	3

	24
	0
	0
	0
	0
	0
	2
	2


Table 1: Gap combination configurations for Case 2 including simultaneous NCSG’s
Table 1 is compliant with the agreement at RAN4 #105:
	“Do not increase the max number of gaps for Case 2 (NCSG and multiple concurrent MGs) comparing to Rel-17 concurrent MG design.” 



In particular, the sum of configured NCSG’s and MG’s is up to 3, while there are only up to 2 concurrent MG’s / NCSG’s in an FR. 

Use the gap combination configurations for Case 2 requirements as proposed in Table 1 as baseline for further discussion. 
	Issue 4-2-2: [Case 2] Whether to consider gap sharing rule
< Agreement>: 
· Gap sharing rules shall not be considered when the two gaps are with different priority.
< Wayforward>: 
· FFS whether RAN4 to consider the gap sharing rule when two gaps configured with equal priority. 
· TBD a deadline to cut off the discussion.



As commented earlier, we do not see a clear benefit in considering a gap sharing rule in case of collision handling and hence we continue to support the agreement from RAN4 #105 above, even if the two NCSG’s or the concurrent MG and NCSG(s) are configured with equal priority. In our view, the agreement from RAN4 #105 is fine, as associated MO(s) are configured for NCSG and hence the priority of the measurements can be configured and adjusted according to previous dropped NCSG occasions. Thus, there is no need for gap sharing even in case of equal priorities. 
Do not consider gap sharing rule for collision handling when two gaps are configured with equal priority.
	Issue 4-2-3: [Case 2] Whether to parallel measurements upon gap collision
< Wayforward >: 
· FFS.



Gap collision may occur when concurrent MG and NCSG patterns are overlapped, i.e. either have partially partial overlap or fully partial overlap or partially full overlap or fully full overlap. These cases need to be distinguished in more detail. Whether measurements can be parallelized depends also on the UE capability on spare RF chains. Thus, further study needs to be carried out by considering these scenarios. 
RAN4 to agree on investigating relevant scenarios with gap collision for the Case 2 scenario.  
	Issue 4-2-4: [Case 2] Potential changes to UE behaviour upon gap collision
< Wayforward >: 
· FFS the following options
· Option 1: RAN4 shall consider potential enhanced requirements on UE behaviour for collision handling in Case 2 (e.g. optimized/enhanced dropping rules).
· Option 2: If the assumption is that UE cannot perform measurement on the two RF chains in parallel, there is no need to define further enhancement on gap collision handling except priority rule. 



As pointed out above, further study is needed related to the relevant scenarios for collision of concurrent MG with NCSG and collision of NCSG with NCSG. A similar proposal as above is made. 
RAN4 to agree on investigating UE behaviour in case of gap collision for the Case 2 scenario.  

	Issue 4-3-1: [Case 2] Potential changes for de-activated SCell
< Wayforward >: 
· FFS the options
· Background: When NW configures a NCSG and a Type-2 MG, the scenario for this deactivated SCell issue is as follow.
· The deactivated SCell is measured within NCSG.
· After MAC-based SCell activation, the deactivated SCell’s MO needs to be measured within MG if the related SSB is outside the active BWP



If the deactivated SCell is measured within NCSG, and a Type-2 MG is used for other measurements, such as intra-frequency measurements or inter-RAT measurements, then if the NCSG is converted into another Type-2 MG upon SCell activation, collision handling between this Type-2 MG for deactivated SCells and the other Type-2 MG needs to be defined. Hence the priority level assigned to NCSG may be maintained or subject to change. 
If the NCSG is converted into another Type-2 MG upon SCell activation, collision handling between this Type-2 MG for deactivated SCells and the other Type-2 MG needs to be defined. Hence the priority level assigned to NCSG may be maintained or subject to change.  
	Issue 4-4-2: [Case 2] Gap interruption
< Wayforward >: 
Discuss the options (FFS)
· Option 1: The interruption requirements for the multiple measurement gaps when NCSG being included in the concurrent measurement gaps can be defined as:


wherein,  represented the allowed interruption due to NCSG and legacy measurements defined in clause 9.1.2 and 9.1.9.1 of TS38.133[4] respectively. And  is the overlapped time duration in slot among NCSG RTT time and legacy measurement gap length.
· Option 2: Update the existing gap interruption requirements for Case 2 as follows.
· A slot is considered as interrupted if it is interrupted by an occasion of any of the configured concurrent measurement gaps following the measurement gap interruption requirements in clause 9.1.2, or by VIL occasion of any of the configured NCSG following the NCSG interruption requirements in clause 9.1.9.1, except for a dropped measurement gap or NCSG occasion. 



In our view, option 2 is appropriate since it is the gap interruption requirements are formulated in a generic manner. Thus, we support option 2. 
Update the existing gap interruption requirements for Case 2 as follows: A slot is considered as interrupted if it is interrupted by an occasion of any of the configured concurrent measurement gaps following the measurement gap interruption requirements in clause 9.1.2, or by VIL occasion of any of the configured NCSG following the NCSG interruption requirements in clause 9.1.9.1, except for a dropped measurement gap or NCSG occasion.  
	Issue 4-5-2: New flag
< Wayforward >: 
· FFS: RAN4 shall ask RAN2 to define a new flag for concurrent NCSG.



The discussion on signalling for concurrent NCSG, e.g. whether to introduce one or more flags, indicated by network or UE, should be postponed to when the design of Rel-18 NCSG in the framework of Con-MGs (Case 2 requirements) is mature related to previously discussed issues.
Postpone discussion on signalling aspects for Case 2 requirements to when the Rel-18 design for combination of NCSG and Type-2 MG is mature enough.
[bookmark: _Toc116995848]Conclusion
This paper has presented Nokia’s views on Case 2 requirements as discussed at RAN4 #105 [2], i.e. the combination of NCSG and concurrent MG. As part of this discussion, we make following proposals:
1. Support of NCSG+NCSG in an FR is indicated by UE, thereby signalling its capability on number of receiver chains per band to the network. 
RAN4 to study possibility of parallel measurements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.
Use the gap combination configurations for Case 2 requirements as proposed in Table 1 as baseline for further discussion. 


	Gap Combination
Configuration Id 
	The number of simultaneously active measurement gap and NCSG patterns

	
	NCSG
	Concurrent MG
	NCSG + concurrent MG

	
	Per-FR1 
	Per-FR2

	Per-UE
	Per-FR1 
	Per-FR2 
	Per-UE 
	sum

	0
	0
	0
	1
	0
	0
	1
	2

	1
	0
	1
	0
	0
	0
	1
	2

	2
	1
	0
	0
	0
	0
	1
	2

	3
	1
	1
	0
	0
	0
	1
	3

	4
	0
	0
	1
	0
	1
	0
	2

	5
	0
	1
	0
	0
	1
	0
	2

	6
	1
	0
	0
	0
	1
	0
	2

	7
	1
	1
	0
	0
	1
	0
	3

	8
	0
	0
	1
	1
	0
	0
	2

	9
	0
	1
	0
	1
	0
	0
	2

	10
	1
	0
	0
	1
	0
	0
	2

	11
	1
	1
	0
	1
	0
	0
	3

	12
	0
	0
	1
	1
	1
	0
	3

	13
	0
	1
	0
	1
	1
	0
	3

	14
	1
	0
	0
	1
	1
	0
	3

	15
	2
	0
	0
	0
	0
	0
	2

	16
	2
	0
	0
	0
	1
	0
	3

	17
	0
	2
	0
	0
	0
	0
	2

	18
	0
	2
	0
	1
	0
	0
	3

	19
	0
	0
	2
	0
	0
	0
	2

	20
	0
	0
	0
	2
	0
	0
	2

	21
	0
	1
	0
	2
	0
	0
	3

	22
	0
	0
	0
	0
	2
	0
	2

	23
	1
	0
	0
	0
	2
	0
	3

	24
	0
	0
	0
	0
	0
	2
	2


Table 1: Gap combination configurations for Case 2 including simultaneous NCSG’s
Do not consider gap sharing rule for collision handling when two gaps are configured with equal priority.
RAN4 to agree on investigating relevant scenarios with gap collision for the Case 2 scenario.  
RAN4 to agree on investigating UE behaviour in case of gap collision for the Case 2 scenario.  
If the NCSG is converted into another Type-2 MG upon SCell activation, collision handling between this Type-2 MG for deactivated SCells and the other Type-2 MG needs to be defined. Hence the priority level assigned to NCSG may be maintained or subject to change.  
Update the existing gap interruption requirements for Case 2 as follows: A slot is considered as interrupted if it is interrupted by an occasion of any of the configured concurrent measurement gaps following the measurement gap interruption requirements in clause 9.1.2, or by VIL occasion of any of the configured NCSG following the NCSG interruption requirements in clause 9.1.9.1, except for a dropped measurement gap or NCSG occasion.  
Postpone discussion on signalling aspects for Case 2 requirements to when the Rel-18 design for combination of NCSG and Type-2 MG is mature enough.
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