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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#104-bis-e. Further agreements and open issues were captured in a WF [1]. 
In this paper, we provide further proposals on joint requirements for the concurrent MG, prec-configured MG and NCSG within the context of Case 1 and Case 2 in the WID [2]. 
Discussion
 Case 1
The first issue for case 1 concerns the maximum number of gaps supported for this case. The latest way forward is reproduced below [1].
Issue 2-4: [Case 1] Whether to increase the max number of supported gaps
< Agreement >
· Continue discussion in the next meeting. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· TBD a deadline to cut off the discussion.

It has been agreed that the Rel-17 conclusions will be used as the baseline to define joint RRM requirements for gap combinations including at least one pre-configured MG. In our view, this is appropriate and sufficient to fulfill the objective of defining joint requirements. Increasing the maximum number of gaps that can be configured simultaneously is not necessary to enable Case 1.
Observation 1: Increasing the maximum number of gaps that can be configured simultaneously is not necessary to enable Case 1.


Moving on to the issue of collisions between gaps, it was agreed in RAN4#104-e to leverage the priority rule framework developed in Rel-17 [3]. It has been proposed by some companies to consider a gap sharing rule [1].
Issue 2-10: [Case 1] Whether to consider gap sharing rule
< Wayforward >: FFS the following options
· Option 1: RAN4 can further consider gap sharing rule to handle gap collision after priority based solution is stable (e.g. after RAN#99).
· Option 2: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.


During the Rel-17 MG_enh WI phase, RAN4 discussed several schemes for resolving collisions between measurement gaps, including a gap sharing rule. Ultimately the gap sharing rule was not adopted because potential benefits did not justify the higher complexity. In our view, unless clear, significant benefits are identified there is no motivation to discuss it again in Rel-18.
Proposal 1: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.
One important aspect of collisions between pre-configured MGs and other gaps (e.g. Type-2) is dynamic behavior that may occur as a result of changes in the activation status of pre-configured MGs [1].
Issue 2-14: [Case 1] Other aspects
< Wayforward >: FFS the following proposals
· Proposal 1: Support of gap combinations including pre-configured MGs (Case 1) that cause dynamic collisions will be subject to new UE capability(ies).
· Dynamic collisions are gap collisions involving a pre-configured MG, where gap instances of other MGs are dropped.
· Proposal 2: Support of gap combinations including pre-configured MGs (Case 1) may be supported without a new UE capability if
· At most one pre-configured MG is configured and the pre-configured MG is assigned the lowest priority level among all the configured MGs.
· Proposal 3: Suggest to enable that priority can be defined for Rel-16 legacy MG. If this is agreeable, a LS to RAN2 should be sent to ask RAN2 to introduce related signalling (vivo)


Since the activation state of a pre-configured MG can change depending on configuration and trigger events, gap collisions involving a pre-configured MG may cause dynamic behavior in other gaps, regardless of their type. For example, in the top diagram in Figure 1 some instances of a lower-priority MG (purple) get dropped due to collisions with an active pre-configured MG. If the pre-configured MG is deactivated (bottom diagram), there are no collisions and no instances of the lower-priority gap are dropped. Any measurement objects mapped to the lower-priority gap would experience longer delay in the first case, where some of the gap instances are dropped. In the extreme case, all instances of the lower-priority MG could be dropped, resulting in long measurement delays (until the pre-configured MG is deactivated). All these conditions can occur without any change in the gap configuration.


[bookmark: _Ref114912945]Figure 1: Example of gap collisions with a pre-configured MG
The dynamic behavior described above for MG combinations where at least one pre-configured MG collides with other gaps is significantly different from the behavior of concurrent gaps defined in Rel-17. In our view, support of gap combinations that introduce dynamic collisions should be subject to new UE capability(ies).
Proposal 2: Support of gap combinations including pre-configured MGs (Case 1) that cause dynamic collisions will be subject to new UE capability(ies).
· Dynamic collisions are gap collisions involving a pre-configured MG, where gap instances of other MGs are dropped.
Lastly, new measurement requirements may need to be specified for MG combinations that fall under Case 1 [1]. 
Issue 2-13: [Case 1] Measurement delay requirements
< Wayforward >: FFS the following proposals
· Proposal 1: The measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF, Kp and Kgap
· Proposal 2: 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


Our understanding is that RAN4 needs to address/clarify the requirements in Proposal 2.
For the K and P factors and for CSSF, the main issue would be dynamic collisions, as discussed previously. For example, consider the case of a measurement object mapped to a non-pre-configured concurrent MG (call it mgA). For gap combinations that do not include a pre-configured MG, Kgap is well-defined and static once the MG configuration is known. Now, if the gap combination includes a pre-configured MG that dynamically collides with mgA, then Kgap for that measurement object would change (Navailable changes) depending on the status of the pre-configured MG. Note that in this case the measurement delay would change even though the measurement object in question is not mapped to a pre-configured MG.
Similarly, CSSF may be affected by dynamic collisions because the calculation of CSSF needs to account for dropped gap instances.
The most straightforward way to address the issues above would be to specify that measurement requirements when Case 1 MG combinations are configured do not apply if a change in the status of any pre-configured MGs changes any of the requirement parameters during the measurement period. i.e. applicability is not precluded if a pre-configured MG is activated but does not collide with any other MG or RS. Note that Rel-17 already precludes applicability of some requirements when there is a change in the status of pre-configured MG.
Regarding Proposal 1, we agree that only active pre-configured MG need to be considered when calculating parameters such as CSSF, Kp and Kgap.

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
 Case 2
For Case 2, the first issue concerns the maximum number of gaps that can be configured simultaneously. An initial agreement and way forward are reproduced below [1].

Issue 2-16: [Case 2] Whether to increase the max number of supported gaps
< Agreement >
· Continue discussion in the next meeting. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· TBD a deadline to cut off the discussion.


Similar to Case 1, it has been agreed that the Rel-17 conclusions will be used as the baseline to define joint RRM requirements for gap combinations including at least one NCSG. In our view, this is appropriate and sufficient to fulfill the objective of defining joint requirements. Increasing the maximum number of gaps that can be configured simultaneously is not necessary to enable Case 2.
Observation 2: Increasing the maximum number of gaps that can be configured simultaneously is not necessary to enable Case 2.
Regarding gap collisions, RAN4 reached an agreement in RAN4#104 that clarifies how to determine when a collision occurs with an NCSG [3]. In our view, this agreement (below) is sufficient to address collisions for Case 2.
Issue 2-15: Required changes for NCSG on collision 
< Agreement >: 
· When determining if a collision occurs between a NCSG instance and another gap instance, the baseline requirement considers the total NCSG duration, including both the VILs and the ML. 
< Way forward >:
· FFS other potential enhancements regarding spare RF chains, interruption due to collision on RRT, revised proximity condition, … etc.
· 

Observation 3: The agreement from RAN4#104-e about how to determine gap collisions involving an NCSG is sufficient for the purpose of defining joint RRM requirements for Rel-17 measurement gap enhancements.
In RAN4#104-bis-e, there were several proposals to allow overlap in time between multiple NCSG or between NCSG and other gaps.
Issue 2-21: [Case 2] Potential changes to UE behavior upon gap collision
< Wayforward >: FFS the following options
· Option 1: When the MGL of concurrent gap or the activated pre-configured MG is overlapped with the ML of NCSG, or when VIL1/VIL2 of NCSG is overlapped with the MGL of concurrent gap or the activated pre-configured MG, if the impact on measurement performance due to RTT is negligible, UE can perform the measurements on the collided gaps simultaneously and no need to consider the dropping rule. 
· Option 2: For the case that RRT of one NCSG pattern is overlapped with MGL of legacy MG, RRT may have impact on the measurement performed during MGL of legacy MG. It is proposed to further discuss how serious this impact is and how to solve this issue if the impact is not negligible. 
· Option 3: The collision handling can be further checked since in fact the gap  ancelling is not always necessary when collision happens since of the necessity of NCSG is per band for the UE capable of NCSG. 
· For the collision instance, if no MO needs NCSG, no need to cancel any one between NCSG and MG(NCSG);
· For the collision instance, if at least one MO needs NCSG, there are two possible solutions of collision handling: 
· keep both NCSG and MG(NCSG) at the price of NCSG degradation to legacy MG;
· Cancel the MG or the lower priority of NCSG.
· Which solution should be applied, it can be decided by the priority order. If the NCSG has higher priority than MG, then cancel the MG; Otherwise, neither of them would be canceled but at the price of NCSG degradation to MG.
· Option 4: RAN4 not to consider enhanced requirements for collision handling


Proposal 4: RAN4 not to consider enhanced collisions allowing time overlap between two NCSGs or between an NCSG and other gaps (e.g. pre-configured MG, Type-2, etc.). 
The last issue concerns applicable measurement requirement for Case 2. We understand that with the existing agreement on how to define collisions involving an NCSG, it should be straightforward to apply/extend measurement requirements to concurrent MG combinations that include NCSG(s). For measurements performed within NCSG a scaling factor needs to be added to account for collisions with other measurement gaps.
Issue 2-24: [Case 2] Potential changes to measurement requirements
< Wayforward >: FFS the following options
· Option 1: CATT
· The measurement requirements can be reused except that the CSSF for gap and NCSG are defined separately. 
· Option 2: Qualcomm
· The measurement requirements for Rel-17 concurrent MG will be applicable to gap combinations that include NCSG(s) (Case 2). For NR SSB-based measurements performed within NCSG, a scaling factor Kgap needs to be added to account for collisions with other measurement gaps.


Proposal 5: The measurement requirements for Rel-17 concurrent MG will be applicable to gap combinations that include NCSG(s) (Case 2). For NR SSB-based measurements performed within NCSG, a scaling factor Kgap needs to be added to account for collisions with other measurement gaps.
Applicability of Case 2 should also be subject to new UE capability(ies).
Proposal 6: Support of concurrent gap combinations where one or more of the gaps are NCSGs (Case 2) will be subject to new UE capability(ies).
 Scope
Based on the above discussion for Case 1 and Case 2, changing the maximum number of measurement gaps is not necessary to enable either case nor to fulfil the objective of defining joint RRM requirements. Accordingly, we have the following proposal.
Proposal 7: The measurement gap combinations defined in TS 38.133 v17.6.0 Table 9.1.8-1 are used as the baseline for defining joint RRM requirements for combinations of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG in this WI.
Regarding Type-1 measurement gaps [1], we note that RAN4 requirements in Rel-17 do not fully support configuring them together with concurrent gaps. E.g. there is no explicit assignment of measurement objects to Type-1 MG. If RAN4 is going to spend time discussing this issue, there should be a clear motivation for adding new requirements. 
Observation 4: There is no clear need to include Type-1 MG as part of the joint RRM requirements objective of this WI.


Conclusions
Observation 1: Increasing the maximum number of gaps that can be configured simultaneously is not necessary to enable Case 1.
Proposal 1: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.
Proposal 2: Support of gap combinations including pre-configured MGs (Case 1) that cause dynamic collisions will be subject to new UE capability(ies).
· Dynamic collisions are gap collisions involving a pre-configured MG, where gap instances of other MGs are dropped.
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
Observation 2: Increasing the maximum number of gaps that can be configured simultaneously is not necessary to enable Case 2.
Observation 3: The agreement from RAN4#104-e about how to determine gap collisions involving an NCSG is sufficient for the purpose of defining joint RRM requirements for Rel-17 measurement gap enhancements.
Proposal 4: RAN4 not to consider enhanced collisions allowing time overlap between two NCSGs or between an NCSG and other gaps (e.g. pre-configured MG, Type-2, etc.). 
Proposal 5: The measurement requirements for Rel-17 concurrent MG will be applicable to gap combinations that include NCSG(s) (Case 2). For NR SSB-based measurements performed within NCSG, a scaling factor Kgap needs to be added to account for collisions with other measurement gaps.
Proposal 6: Support of concurrent gap combinations where one or more of the gaps are NCSGs (Case 2) will be subject to new UE capability(ies).
Proposal 7: The measurement gap combinations defined in TS 38.133 v17.6.0 Table 9.1.8-1 are used as the baseline for defining joint RRM requirements for combinations of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG in this WI.
Observation 4: There is no clear need to include Type-1 MG as part of the joint RRM requirements objective of this WI.
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