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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#106bis-e. 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
Let us start by discussing the topic of collisions between gaps in Case 1. Currently, the issue of dynamic collisions is the most critical issue for Case 1. Many other issues could be closed immediately if RAN4 agrees to remove the dependence of collisions on the activation/deactivation status of pre-configured MGs. Progress in RAN4#106bis-e was very limited because there was no consensus on how move forward on this issue.
It was agreed earlier by RAN4 that a pre-configured MG can cause collisions only when it is active [4]. Considering that a pre-configured MG does not cause any interruptions while it is deactivated, the existing agreement by RAN4 may seem reasonable. However, the agreement does create new challenges and complexity in the handling of gap collisions when the status of a pre-configured MG changes dynamically.
If the status of a pre-configured MG changes at some point in time, it forces the UE to re-evaluate potential collisions with future gap instances of other concurrent gaps (Type-2 or another pre-configured MG). Worse yet, a pre-configured MG could be activated during another on-going gap instance. If the newly activated pre-configured MG has higher priority and collides with the on-going gap, what should the UE (and network) do? Should the UE abort the current gap and drop the measurements? The UE may not have enough time to get ready for the new measurements in the colliding pre-configured MG occasion; that one occasion may be wasted if it’s not dropped.
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.


Dynamic collisions are significantly different from collisions between concurrent gaps defined in Rel-17. In Rel-17, collisions between concurrent gaps are statically resolved when the gaps are configured. Any gap instances that need to be dropped can be identified at that time and the resulting gap patterns do not change until there is a change (via RRC) in the gap configuration. On the other hand, dynamic collisions would cause the gap patterns to change whenever the state of a pre-configured MG changes.
If we keep the current definition of collisions with pre-configured MG is kept, RAN4 would need to define additional rules to resolve all corner cases that may arise due to dynamic collisions. Given the additional complexity and effort, in our view RAN4 should consider modifying the existing agreement/definition.
To simplify the handling of gap collisions, it was proposed to define collisions involving a pre-configured MG independent of its status. i.e. pre-configured MG occasions may collide with other MGs even if the pre-configured MG is deactivated. This alternate definition avoids many issues since collisions would be resolved statically at RRC (re-)configuration.
Issue 3-3-1: [Case 1] Required changes for Pre-MG on collision  
< Wayforward > 
· Option 1: RAN4 shall stick to agreed baseline that collision and priority rule on Pre-MG are considered only when Pre-MG is activated (deactivated Pre-MG is not considered in collisions).
· Option 2: De-activated pre-MG is considered in collisions handling.
· Is

Proposal 1: For Case 1, gap collisions are determined/resolved independent of the state of the pre-configured MG(s). i.e. both activated/deactivated pre-configured MGs can cause collisions.
If the above proposal is adopted there would be no dynamic collisions. All issues related to dynamic collisions could be closed right away.
Observation 1: If Proposal 1 is adopted, there would be no dynamic collisions and all related issues can be closed. i.e. issues 3-3-2, 3-3-3, 3-3-5, 3-3-6, and 3-3-7.
 Activation/deactivation
In RAN4#106, RAN4 reached agreements on the definitions of (non-)simultaneous activation/deactivation of pre-configured MGs and on supporting simultaneous activation/deactivation of pre-configured MGs subject to UE capability [3]. The definitions are reproduced below for convenience.
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.


Based on the above definitions, we understand that if a UE does not support simultaneous activation/deactivation of pre-configured MGs in Case 1, then behavior of the UE would be undefined if that condition does occur. The burden would be on the network to avoid all situations that would lead to simultaneous activation/deactivation. In our view, UEs that do not support simultaneous activation/deactivation of pre-configured MGs may not be able to support pre-MG + pre-MG in Case 1. 
Observation 2: For UEs that do not support simultaneous activation/deactivation of two pre-configured MGs in Case 1, it may not be feasible to support pre-MG + pre-MG combinations.
In our view, many, if not all, of the issues related to simultaneous activation/deactivation of pre-configured MGs in Case 1 can also be addressed (avoided) by updating the definition of collisions as in Proposal 1. Once collisions are resolved statically at RRC configuration time, essentially the two gap patterns become decoupled. The gap pattern for each gap would not change regardless of activation/deactivation status of the other gap. Each gap can be activated/deactivated without affecting the other. Also, it would be guaranteed that gap occasions from the two gap patterns are separated in time by at least 4 ms. Thus, the time separation mandated by the proximity rule would act as a buffer that effectively extends (delays) the activation time of one of the gaps if simultaneous activation does occur.
Issue 3-2-2: [Case 1] Whether to extend the delay for fully overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Agreement >
· The fully overlapped simultaneous multiple Pre-MGs activation/deactivation delay equals the BWPs/SCells/RRC reconfiguration delay plus existing processing time (5ms) plus the additional post-processing time T1, where T1 value is FFS. 
< Wayforward >:  
· FFS the value of T1 with the following options:
· Option 1: 0 ms
· Option 2: < = 5 ms 
· Other values are not precluded

Issue 3-2-3: [Case 1] Whether to extend the delay for partially overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
< Wayforward >:  
· FFS the options…

Proposal 2: Adopt the modified definition of collision in Proposal 1 and close the following two issues from RAN4#106bis-e
· Issue 3-2-2: [Case 1] Whether to extend the delay for fully overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG
· Issue 3-2-3: [Case 1] Whether to extend the delay for partially overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
 Requirements
Measurement delays in Case 1 could change for some MOs if there are changes in the state of one or more pre-configured MGs. E.g. a MO may be measured without gaps when a pre-configured MG is deactivated but it may have to be measured within gap when the pre-configured MG is activated. This could happen regardless of whether Proposal 1 is adopted. 
Issue 3-5-1: [Case 1] Measurement delay requirements 
< Way forward >
· Option 1: 
· When gap combinations including pre-configured MGs (Case 1) are provided to the UE, measurement requirements do not apply if the following parameters change during the measurement period due to changes in the status of any pre-configured MGs:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements
· Option 2:
· Measurement delay requirements should also consider the case of delayed Pre-MG activation due to overlap between Pre-MG and concurrent MG

The most straightforward way to address the issue mentioned above would be to specify that, when Case 1 MG combinations are configured, measurement requirements do not apply if a change in the state of any pre-configured MGs affects any of the requirement parameters during the measurement period. i.e. applicability of requirements is not precluded if the state of a pre-configured MG changes but does not affect the measurement delay of any MOs.
Proposal 3: When gap combinations including pre-configured MGs (Case 1) are provided to the UE, measurement requirements do not apply if the following parameters change during the measurement period due to changes in the status of any pre-configured MGs:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements


Conclusions
Proposal 1: For Case 1, gap collisions are determined/resolved independent of the state of the pre-configured MG(s). i.e. both activated/deactivated pre-configured MGs can cause collisions.
Observation 1: If Proposal 1 is adopted, there would be no dynamic collisions and all related issues can be closed. i.e. issues 3-3-2, 3-3-3, 3-3-5, 3-3-6, and 3-3-7.
Observation 2: For UEs that do not support simultaneous activation/deactivation of two pre-configured MGs in Case 1, it may not be feasible to support pre-MG + pre-MG combinations.
Proposal 2: Adopt the modified definition of collision in Proposal 1 and close the following two issues from RAN4#106
· Issue 3-2-2: [Case 1] Whether to extend the delay for fully overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG
· Issue 3-2-3: [Case 1] Whether to extend the delay for partially overlapped simultaneous activation/deactivation for Pre-MG+Pre-MG  
Proposal 3: When gap combinations including pre-configured MGs (Case 1) are provided to the UE, measurement requirements do not apply if the following parameters change during the measurement period due to changes in the status of any pre-configured MGs:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements
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