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1 Introduction
In existing Rel-15/16 NR, two measurement gaps have been identified, which are per-UE and per-FR measurement gap. Later in Rel-17 NR, three measurement gap enhancement have been considered, which are: (i) pre-configured MG pattern(s) per configured BWP (fast MG configuration), (ii) multiple concurrent and independent MG patterns, and (iii) network controlled small gap (NCSG). Now in Rel-18, further work objective to enhance the existing measurement gap is agreed on, which is ‘Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG’, given in the work item description (WID) [1] as below:
	(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· [bookmark: _Hlk114141673]Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MG(s) and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a Pre-configured MG)
· Case 2: NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG)
· Note 1: Gaps that are configured for NTN are precluded in Case 1 and Case 2
· Note 2: The requirement discussions on the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 will be started after RAN#99.
· Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG can be discussed after RAN#99
· Note 4: This WID does not include any inter-working with MUSIM gaps


In the previous RAN4 104-bis-e meeting, the issues are captured in the way forward (WF) [2]. The analysis and discussion on the issues from the WF are provided in the next section. 
2 Discussion 
From the WF, the issues are given in five categories, which are: (i) NCSG combination, (ii) collision definition and handling, and (iii) others. 
Discussion on NCSG combination
The open issues are given as:
	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
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.
Issue 4-1-4: [Case 2] Detail combinations for UE supporting per-FR gap
< Wayforward>: 
· FFS.


[bookmark: _Hlk127348068]Issue 4-1-1: In the previous meeting RAN4#105, RAN4 agreed to consider the scenario of NCSG + NCSG in an FR. However, it was also mentioned during the discussion that the necessity to introduce this scenario is not high. This is because NCSG can be seen as a supplement to traditional MG and it is expected to have gap as common case. Therefore, RAN4 should support this with UE capability (i.e. it is left to the UE implementation). Furthermore, the use of NCSG + NCSG scenario is different than the scenario of NCSG + type-2 MG, hence, RAN4 should define two separate capabilities to indicate the support of these two scenarios.
Proposal 1: [bookmark: _Ref118740573]RAN4 shall support a UE capability for the scenario of NCSG + NCSG in an FR.
Proposal 2: [bookmark: _Ref118740584]RAN4 shall defined two separate UE capabilities to indicate support of (i) NCSG + Type-2 MG and (ii) NCSG + NCSG.
Issue 4-1-3: Although the UE can perform parallel transmission and reception for deactivated SCell’s measurement. However, UE has to dedicate one searcher for PCell, leaving only the other one searcher for all SCells. Hence, the UE can not achieve parallel measurements for two deactivated SCell. 
Proposal 3: [bookmark: _Ref110807439]RAN4 shall not define requirements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.
Discussion on collision definition and handling
The agreements and open issues are given as:
	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.
Issue 4-2-3: [Case 2] Whether to parallel measurements upon gap collision
< Wayforward >: 
· FFS.
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. 


Issue 4-2-2: In general, the issue of gap sharing was discussed in Rel-17 under collision handling for the concurrent MG and there was no consensus to consider gap sharing rule. At the end, the priority rule with different priorities is defined in the specs without considering the equal priority, as given in clause 9.1.8.3 [38.133]. 
	The priority for a measurement gap is configured by networks via gapPriority in GapConfig. The requirements with concurrent measurement gaps apply provided that two measurement gaps colliding with each other are configured with different priorities.


Besides, although the two gaps have the same priority, yet the UE could sense which measurement is more important to maintain mobility and hence it is better to let the UE decide on which MG to keep and which one to drop. Therefore, we don't think there is a need to discuss this any further.
Proposal 4: [bookmark: _Ref127438460]RAN4 shall not consider gap sharing rule when two gaps configured with equal priority.
Issue 4-2-3/4-2-4: In general, to achieve parallel measurements the UE needs two available RF chains. However, there is no guarantee that the UE will have two available RF chains. Hence, the UE can not ensure parallel measurements. Therefore, there is no need for further enhancements on top of Rel-17 NCSG requirements.
Proposal 5: [bookmark: _Ref115278245]RAN4 shall not define requirements for parallel measurement because the UE can never guarantee that there will be two available RF chain to achieve parallel measurements.
Discussion on other Rel-17 rules to be revisited
The open issues are given as:
	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



Issue 4-3-1: In Rel-17, a deactivated SCell is performed in NCSG. Then, after the SCell activation and the SSB is not in the active BWP the UE can still use NCSG. Yet, we understand if the suggestion is to allow the UE to report either NCSG or MG after the SCell activation. Thus, the motivation for restrict the UE to use MG after the SCell activation is not clear. 
Proposal 6: [bookmark: _Ref127438478]RAN4 shall reuse the Rel-17 association rule, which is using NCSG for deactivated and activated SCell.

Discussion on requirements
[bookmark: _Ref115278257]The open issues are given as:
	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. 


Issue 4-4-2: On the first option, the aim for this option is not justified. Also, it is not clear whether the issue discussed in the first option is covered in collision rule already. On the second issue, to our understanding, RAN4 can clarify that the current gap interruption can be applied to both MG and NCSG in the concurrent gap section. Therefore, Option 2 can be agreed. 
Proposal 7: [bookmark: _Ref118740611]RAN4 doesn’t need to further discuss the first option provided in issue 4-4-2 for NCSG discussion. However, option 2 can be agreed.
3 Summary
In this contribution, discussion on NCSG and concurrent MG is provided, and we have the following proposals: 
Proposal 1: RAN4 shall support a UE capability for the scenario of NCSG + NCSG in an FR.
Proposal 2: RAN4 shall defined two separate UE capabilities to indicate support of (i) NCSG + Type-2 MG and (ii) NCSG + NCSG.
Proposal 3: RAN4 shall not define requirements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.
Proposal 4: RAN4 shall not consider gap sharing rule when two gaps configured with equal priority.
Proposal 5: RAN4 shall not define requirements for parallel measurement because the UE can never guarantee that there will be two available RF chain to achieve parallel measurements.
Proposal 6: RAN4 shall reuse the Rel-17 association rule, which is using NCSG for deactivated and activated SCell.
Proposal 7: RAN4 doesn’t need to further discuss the first option provided in issue 4-4-2 for NCSG discussion.
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