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1 	Introduction
In the last RAN4 meeting, Rel18 NR measurement gap enhance WI was initially discussed. In this paper, the further considerations on requirements for combinations of pre-configured MGs and multiple concurrent MGs under objective 1 in [1]was provided.
	The following objectives are considered in this WI:
1. Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
0. 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
· 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



2 Discussion on RRM requirements for Case 1
2.1. [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Collision handling
In the last meeting, there were extensive discussion on the overlapping happened when Pre-MG being activated/deactivated.
	Issue 3-3-1: [Case 1] Required changes for Pre-MG on collision  
< Wayforward >:  
· No consensus on whether to consider deactivated Pre-MG in a collision. 
· FFS whether an additional capability is needed if collisions on Pre-MG is only considered when Pre-MG is activated.




In the previous meeting, RAN4 also agreed that [6]
	Issue 2-14: Required changes for Pre-MG on collision 
< Way forward/Agreement >: 
· For Case 1 (Pre-configured MG and multiple concurrent MGs), the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.
· FFS whether Pre-MG priority can be further decided by the associated MOs being measured




That is when there are multiple pre-MGs within concurrent MGs, the individual pre-MG which was activated will be taken count into concurrent rules (e.g. collision or not). 
Observation 1: For the pre-configured individual gap instances within concurrent MGs, the one in the transition status (e.g. activationdeactivation) needs NOT to be considered when defining concurrent MGs rules(e.g. collision rules). 

On the other hand, in the last RAN4 meeting, we agreed to introduce the definition of “simultaneous and non-simultaneous Pre-MGs activation/deactivation” as below [2].
	Issue 3-2-1: [Case 1] Define definitions for simultaneous and non-simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG  
< Agreement >:  
· Definitions for simultaneous and non-simultaneous multiple Pre-MGs activation/deactivation
· In simultaneous case, the multiple Pre-MGs activation/deactivation duration are fully or partially overlapping (before any potential delay extension) in time.
· In non-simultaneous case, the multiple Pre-MGs activation/deactivation duration are not overlapping (before any potential delay extension) in time.
· FFS the requirements, e.g., triggered by the same or different commands.
Issue 3-2-2: [Case 1] Whether to support simultaneous and non-simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG  
< Agreement >:  
· Follow agreement from issue 3-1-1. 



Observation 2: The overlapping among multiple Pre-MGs activation/deactivation procedures can be discussed independently under the issue of simultaneous and non-simultaneous Pre-MGs activation/deactivation. 
Proposal 1: It is unnecessary to revisit the current rules to defining Con-MGs collision when Pre-MG status change.

Nevertheless, the cases of Pre-MG activation/deactivation procedure overlapping can be discussed separately.
	Issue 3-2-3: [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion  
< Wayforward >:
FFS the options:  
· Option 1: QC, MediaTek, CATT
· A collision between a change in the status of a pre-configured MG and a gap instance happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of a gap instance of an activated concurrent MG. (UE shall extend the activation procedure)
· Option 1a: QC, 
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed (until the end of the gap instance plus 5 ms) to avoid the collision.
· Option 1b: MediaTek
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed by (MGL of the gap instance plus 5 ms) to avoid the collision.
· Option 1c: Nokia, 
· If a change in the status of a pre-configured MG collides with a gap instance, the change in status is delayed (until the end of the gap instance plus 4 ms) to avoid the collision.
· Option 2: CATT
· UE shall drop the activation procedure, when the pre-configured MG activation is overlapped with the other concurrent gap occasion.
· Option 3: Xiaomi, ZTE
· UE shall drop the measurement on the overlapped concurrent gap occasion, when the pre-configured MG activation is overlapped with the other concurrent gap occasion. The activation/deactivation procedure should be prioritized.
· Option 4: ZTE
· Firstly, regarding to the collision between pre-configured MG activation/deactivation procedure and one of concurrent gap occasion, the priority rule is not valid since of the status of the pre-configured MG is uncertain.
· Option 5: Huawei
· RAN4 to decide UE behaviour when pre-MG (de)activation procedure is overlapped with occasion of the other MG after concluding how to handle deactivated pre-MG in collision handling.
· Option 6: E///
· During Pre-MG activation/deactivation period, the UE is not required to receive or transmit in the corresponding NR serving cells in the Pre-MG occasions. 
· Option 7: CATT, Intel
· There is no need to define additional UE capability for the support of collision case.



For this issue above, it shall be noted that for the pre-MG there is some extra (de)activation delay required (e.g. [5]ms after BWP switching completion) in comparison Type1/2 MG within the concurrent MGs. That is if there are any other gaps which is overlapped with the pre-MG (de)activation duration (e.g. t2~t3 in Figure 1) whether these gap instances (e.g. one pre-MG being activated/deactivate and other Type2 MG) are collided or not can be FFS.


Figure 1. Overlapping with pre-MG activation duration


Observation 3: When pre-MG being activated duration overlapped with other gaps occasion, there is some ambiguity to justify collisions for these concurrent MGs.   

Given the restriction on UE behavior within the gap occasion defined in 9.1.2 TS 38.133 [3], 
· NW will not trigger any pre-MG status change when there is valid gap occasion;
· UE can do this in RTT time which is included in the measurement length. 
	9.1.2	Measurement gap
……
During the per-UE measurement gaps the UE:
-	is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells for E-UTRA-NR dual connectivity except the reception of signals used for RRM measurement(s) and the signals used for random access procedure according to TS38.321 [7].
[bookmark: _Hlk52185914]-	is not required to conduct reception/transmission from/to the corresponding NR serving cells for SA (with single carrier or CA configured) except the reception of signals used for RRM measurement(s), PRS measurement(s) and the signals used for random access procedure according to [7].
[bookmark: _Hlk52186068]-	is not required to conduct reception/transmission from/to the corresponding PCell, SCell(s) and E-UTRAN serving cells for NR-E-UTRA dual connectivity except the reception of signals used for RRM measurement(s), PRS measurement(s) and the signals used for random access procedure according to [7].
-	is not required to conduct reception/transmission from/to the corresponding NR serving cells for NR-DC except the reception of signals used for RRM measurement(s), PRS measurement(s) and the signals used for random access procedure according to [7].
During the per-FR measurement gaps the UE:
-	is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells in the corresponding frequency range for E-UTRA-NR dual connectivity except the reception of signals used for RRM measurement(s) and the signals used for random access procedure according to TS38.321 [7].
-	is not required to conduct reception/transmission from/to the corresponding NR serving cells in the corresponding frequency range for SA (with single carrier or CA configured) except the reception of signals used for RRM measurement(s), PRS measurement(s) and the signals used for random access procedure according to TS38.321 [7].
-	is not required to conduct reception/transmission from/to the corresponding PCell, SCell(s) and E-UTRAN serving cells in the corresponding frequency range for NR-E-UTRA dual connectivity except the reception of signals used for RRM measurement(s), PRS measurement(s) and the signals used for random access procedure according to TS38.321 [7].
-	is not required to conduct reception/transmission from/to the corresponding NR serving cells in the corresponding frequency range for NR-DC except the reception of signals used for RRM measurement(s), PRS measurement(s) and the signals used for random access procedure according to TS38.321 [7].




That is during the pre-MG status transition time UE could not to return to other RF chains for the carriers to be measured (e.g. UE RX @f2 in the left part of Figure 1). Thus, the impacts on the ongoing measurements with other gaps(e.g. Type2 MG) because of pre-MG status transition can be avoid. 
Observation 4: NW can avoid triggering Pre-MG (de)activation (e.g. by active BWP switching) during the other concurrent gap instance occasion. Otherwise, RAN4 needs NOT to define the requirements for the case which was introduced by incorrect NW triggering events.

On the other hand, such (de)activation trigger event may be happened overlapping with the duration outside of the gap window but within the proximity window (4ms) as illustrated by the right part of Figure 1. However, for this scenario the two gap instances can absoulately meet the overlapping proximity conditions given the necessary Pre-MG (de)activation delay satisfied. Based on the existing collision rules, there are not any overlapping issues.

Regarding to above possible cases, we can conclude that: 
Proposal 2: It is unnecessary to define any additional capability and requirements for the case when the Pre-MG activation procedure is overlapped with one of other concurrent gap instances.

	Issue 3-3-4: [Case 1] dynamic collisions definition  
< Agreement from online session>:  
· Dynamic collisions are gap collisions involving at least one [activated] pre-configured MG, where gap instances of other MGs (which has lower priority) are dropped.
· [activated] is based on the assumption that only activated Pre-MG can cause collisions.
Issue 3-3-5: [Case 1] Whether to define a new UE capability for dynamic collisions?  
< Wayforward >:  
· FFS.
Issue 3-3-6: [Case 1] dynamic collisions dropping rule  
< Wayforward >:  
· FFS.




Particularly, some concerns for the dynamic collision were raised, in which the pre-MG switched between ON and off. The priority of the pre-configured MG may be invalid if it was to be deactivated. Thus, whether the new dropping rules shall be defined is FFS. 


Figure 2. dynamic collision

For examples, the enhanced dropping can be defined. e.g.
a) The pre-MG with higher priority can be dropped when it was to be deactivated. The other concurrent MG collided with the "the higher priority legacy MG or activated pre-MG will be kept.
b) The deactivated MG can be dropped or not dropped when UE support UE capability 

Thus, we can conclude that:
Proposal 3: It is necessary to define some enhanced dropping rules for the dynamic collision in case 1.

2.2. Activation delay

	Issue 3-2-4: [Case 1] Whether to extend the delay for simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Wayforward >:  
· FFS.
Issue 3-2-5: [Case 1] Whether to extend the delay for non-simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Agreement >:  
· For the non-simultaneous two Pre-MGs activation/deactivation case, the existing Rel-17 Pre-MG (de)activation delay requirements can be reused.
· 



The additional RRM requirements impacted includes the Pre-MG activation delay in 8.19 of TS38.133[3]. In case of multiple activation procedures happened overlap, if the simultaneous activation is not allowed the extension on the delay requirements may be needed.


Figure 3. Concurrent gaps which can be simultaneously activated
Proposal 4: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements in [3] need to be extended.

3 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI in Rel18 are discussed. The proposals can be summarized as:
Observation 1: For the pre-configured individual gap instances within concurrent MGs, the one in the transition status (e.g. activationdeactivation) needs NOT to be considered when defining concurrent MGs rules(e.g. collision rules). 
Observation 2: The overlapping among multiple Pre-MGs activation/deactivation procedures can be discussed independently under the issue of simultaneous and non-simultaneous Pre-MGs activation/deactivation. 
Proposal 1: It is unnecessary to revisit the current rules to defining Con-MGs collision when Pre-MG status change.
Observation 3: When Pre-MG being activated duration overlapped with other gaps occasion, there is some ambiguity to justify collisions for these concurrent MGs.
Observation 4: NW can avoid triggering Pre-MG (de)activation (e.g. by active BWP switching) during the other concurrent gap instance occasion. Otherwise, RAN4 needs NOT to define the requirements for the case which was introduced by incorrect NW triggering events.
Proposal 2: It is unnecessary to define any additional capability and requirements for the case when the Pre-MG activation procedures is overlapped with one of other concurrent gap instances.
Proposal 3: It is necessary to define some enhanced dropping rules for the dynamic collision in case 1.

Proposal 4: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements in [3] need to be extended.
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