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Introduction
RAN4 continued discussing joint RRM requirements for Rel-17 concurrent measurement gaps (MG), pre-configured measurement gaps and NCSG in RAN4#107. Further agreements and open issues were captured in a WF [1].
In this paper, we provide our views and proposals on joint requirements for concurrent MGs and pre-configured MGs within the context of Case 1 in the WID [2].
Discussion
 Collisions
In RAN4#107, RAN4 made significant progress on the topic of collisions between gaps in Case 1. RAN4 confirmed the agreement that pre-configured MG can cause collisions only when it is active [1]. This means that dynamic collisions may occur in Case 1, and now RAN4 needs to address certain conflicting scenarios that may occur as a result of dynamic collisions.
Issue 3-3-1: [Case 1] Required changes for Pre-MG on collision  
< Agreement > 
· Collision and priority rule on Pre-MG are considered only when Pre-MG is activated (i.e., deactivated Pre-MG is not considered in collisions).


RAN4 started discussing how to address some of the new conflicting scenarios associated with dynamic collisions. One such scenario would occur when a pre-configured MG with higher priority is activated during another on-going gap instance, causing a collision between the two gaps. For this scenario, RAN4 reached the initial agreement shown below.
Issue 3-3-2: [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion during the dynamic collision (i.e. Pre-MG has higher priority than the MG)
< Background >
· The collision scenario in this issue is depicted in the figure below:
[image: ]
< Agreement > 
· A collision between a change in the status of a pre-configured MG (MG#1) 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 (MG#2) the Pre-MG status and dropping rule shall be applied 5ms after the overlapping MG [and UE should continue the measurement within the MG#2]
· TBD whether same Pre-MG activation delay requirements as Rel-17 can still be re-used


The rationale behind the above agreement is to avoid interfering with a forthcoming or on-going measurement gap (MG#2). Any change in the status of the pre-configured gap (MG#1) would be postponed to avoid a potential collision between the two gaps. In our view, this agreement should also apply if MG#2 is a (activated) pre-configured MG.
The part of the agreement within square brackets has been addressed already by another agreement in RAN4#107 [1]. i.e. RAN4 agreed that measurement requirements do not apply when the measurement period parameters change due to a change in the status of a pre-configured MG. Therefore, there is no expectation that the UE would have to continue measurements within MG#2 (it may do so up to UE implementation). 
The bullet point with TBD in the agreement should be removed since reusing the activation delay from Rel-17 would conflict with the rest of the agreement (i.e. the change in status of MG1 would not be delayed).
In above scenario, the change in status of the pre-configured MG (MG#1) may be either an activation or a deactivation. If it is a deactivation, as in issue 3-3-3, it could affect a forthcoming dropped gap instance of MG#2. i.e. the gap instance may no longer need to be dropped. Since there would be no measurement requirement during the transition according to prior RAN4 agreement, it may not be as critical to postpone the change in status in this particular case. However, for uniformity, and arguably for clarity, we propose to reuse the same agreement. 
Issue 3-3-3: [Case 1] When the pre-configured MG deactivation procedure is overlapped with one of concurrent gap occasion during the dynamic collision (i.e. Pre-MG has higher priority than the MG)
· Background:
· The collision scenario in this issue is depicted in the figure below:
[image: ]
< Way forward > 
· A collision between a change in the status of a pre-configured MG (MG#1) 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 (MG#2) the Pre-MG status and dropping rule shall be applied 5ms after the overlapping MG [and UE should continue the measurement within the MG#2]
· TBD whether same Pre-MG de-activation delay requirements as Rel-17 can still be re-used



Proposal 1: A collision between a change in the status of a pre-configured MG (MG#1) and a (dropped or non-dropped) gap instance of another activated pre-configured MG or concurrent MG (MG#2) happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of the gap instance. The Pre-MG (MG#1) status (activated or deactivated) and dropping rule shall be applied 5ms after the overlapping MG (MG#2).
A similar scenario to the one above is considered in issue 3-3-5. In this case the pre-configured MG that experiences a status change has lower priority than the overlapping MG. Since the overlapping gap has higher priority, it should not be affected by the status of the pre-configured MG. In this case, the Rel-17 priority rule is sufficient.

Issue 3-3-5: [Case 1] [Case 1] When the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion where the MG has higher priority than the Pre-MG  
· Background:
· The collision scenario in this issue is depicted in the figure below:
[image: ]
< Way forward > 
· Option 1: follow the same agreement as in issues 3-3-2, and 3-3-3. 
· Option 2: When the pre-MG (de)activation procedure is overlapped with one of concurrent gap occasion and the MG has higher priority, existing priority rule applies without any change.

Proposal 2: When the (de)activation of a pre-configured MG (MG#1) is overlapped with a gap instance of another activated pre-configured MG or concurrent MG (MG#2) and the other MG (MG#2) has higher priority, existing priority rule applies without any change.
The two issues below are addressed by agreements or proposals for other issues and do not need to be treated further.
Issue 3-3-7: [Case 1] When two pre-configured MGs activation procedures are overlapped during the dynamic collision
< Way forward >  
FFS follow the same agreement as in issue 3-3-2.

Issue 3-3-8: [Case 1] When one pre-configured MG deactivation procedure is overlapped with another pre-configured MG activation procedure during the dynamic collision




 Activation/deactivation
In RAN4#107, RAN4 reached two agreements on requirements for simultaneous activation/deactivation of pre-configured MGs [1]. RAN4 agreed to support fully-overlapped simultaneous activation/deactivation triggered by one event or two events of the same time. In both cases, the activation/deactivation delay was extended by 2ms, so long as the change in status of the pre-configured MGs does not collide with other gaps.
Issue 3-2-1: [Case 1] Whether to consider both cases (given below) for fully overlapped simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG?  
< Agreement >
· Both options a and b are supported for fully overlapped simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG.
a. Case a: Both Pre-MGs are triggered by the same event.
b. Case b: Two Pre-MGs are triggered by two events of the same type at the same time.
Issue 3-2-2: [Case 1] For how long to extend the delay for fully overlapped simultaneous activation/deactivation for Pre-MG + Pre-MG (T1)  
< Agreement >
For Case 1 (Pre-configured MG and multiple concurrent MGs), under the assumption that the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated, extend the delay by T1 ms for fully overlapped simultaneous activation/deactivation for Pre-MG + Pre-MG
· T1 = 2ms.
· FFS if this activation delay collide with existing gaps




RAN4 has yet to agree on whether to specify requirements for partially-overlapped simultaneous activation/deactivation of pre-configured MGs. Options for consideration are shown below under issue 3-2-3. 
Issue 3-2-3: [Case 1] Whether to consider both cases (given below) for Partially overlapped simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG?  
< Way forward >
FFS the options:  
· Option 1: All options are supported for partially overlapped simultaneous Pre-MGs activation/deactivation for Pre-MG + Pre-MG.
· Case a: Two Pre-MGs are triggered by two events of the same type at different time.
· Case b: Two Pre-MGs are triggered by different type of events at the same time.
· Case c: Two Pre-MGs are triggered by different type of events at different time.
· Case d: Two Pre-MGs are triggered by different type of events at different time but the delay finish at the same time.
· Option 2: Only case a is supported, i.e.:
· Supported cases: Two Pre-MGs are triggered by two events of the same type at different time. 
· Not supported cases: Two Pre-MGs are triggered by different type of events.
· Option 2a: Only case a is supported with the single trigger event, such as MAC-based multiple SCell activation in NR SA
· Option 3: Deprioritize all cases for partially overlap (deprioritize partially overlap simultaneous Pre-MGs (de)activation).
· Option 4: RAN4 to consider following scenarios for Pre-MG activation/deactivation:
Scenario
Specification support
Comments
3
yes
Non-simultaneous MAC-CE SCell activation 
4
yes
Non-simultaneous BWP switching


In general, there are two types of events that may cause a change in the status of a pre-configured MG: RRC-based events and non-RRC-based events. RRC-based events can be carefully coordinated by the network so that they do not occur too close in time and, anyway, after each RRC reconfiguration the network expects a response from the UE confirming the requested configuration changes. Therefore, we understand that partially-overlapped simultaneous activation/deactivation scenarios caused by two RRC-based events are not relevant.
As for non-RRC-based events, the two types of events that can cause changes in the status of a pre-configured MG are BWP switch and SCell (dec)activation. For a UE configured with multiple SCells, the requirement for activation delay of multiple SCells are specified for the case when the “UE only receives one single MAC command for multiple SCell activation within the activation period” [3]. Similarly, for multiple SCell deactivation, the requirement is defined when a single MAC CE command is received during the deactivation period. Based on this, we understand RAN4 need not define requirements for pre-configured MGs due to partially-overlapped activation/deactivation of multiple SCells. For BWP switch, the current requirements for pre-configured MG are defined only for BWP on a single CC. Therefore, the UE behavior is undefined if there are BWP switches in multiple CCs. Unless RAN4 intends to change the current Rel-17 requirement, we understand that partially-overlapped activation/deactivation due to multiple BWP switches does not need to be considered here. That leaves only one remaining case to be considered: BWP switch on a single CC together with (de)activation of one or more SCells. This single case does not seem to be a strong justification for defining new requirements for simultaneous partially-overlapped pre-configured MG (de)activation.
In addition, note that in Rel-17 agreed not to address the requirement for a single pre-configured MG when multiple events with overlapping activation/deactivation delays [4]. If behavior is undefined for a single pre-configured MG, then it follows that it is also undefined for multiple pre-configured MGs.
Issue 1-2-1 How to determine pre-MG (de)activation status when multiple trigger events happened simultaneously 
< Agreement >: 
·  No need further discussion. It is up to UE implementation if when multiple trigger events happened with overlapping activation/deactivation delays.


Proposal 3: Do not define pre-MG activation/deactivation delay requirements for partially overlapped simultaneous pre-MG activation/deactivation cases.
Conclusions
Proposal 1: A collision between a change in the status of a pre-configured MG (MG#1) and a (dropped or non-dropped) gap instance of another activated pre-configured MG or concurrent MG (MG#2) happens when the change occurs ≤ 4 ms before the start or ≤ 4 ms after the end of the gap instance. The Pre-MG (MG#1) status (activated or deactivated) and dropping rule shall be applied 5ms after the overlapping MG (MG#2).
Proposal 2: When the (de)activation of a pre-configured MG (MG#1) is overlapped with a gap instance of another activated pre-configured MG or concurrent MG (MG#2) and the other MG (MG#2) has higher priority, existing priority rule applies without any change.
Proposal 3: Do not define pre-MG activation/deactivation delay requirements for partially overlapped simultaneous pre-MG activation/deactivation cases.
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