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Introduction
Joint working of pre-MG, con-MG and NCSG are discussed in RAN4#104-bis-e, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed.
· Terminology
· Case 1 requirements
In this paper we will provide our views on joint working of pre-MG and con-MG.
Discussion
Terminology
	Issue 2-2: Definitions: legacy, concurrent, baseline and component gaps
< Agreement >: 
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17
< Wayforward >: FFS the following proposals
· Proposal 3: Baseline MG: Gaps including legacy gap and Con-MG 
· Proposal 4: Component gap: one particular configured gap pattern within concurrent gaps


It was clarified in last meeting that this issue is only about terminology for convenience of discussion, and whether or what new terms are to be used for the spec is another issue. With this in mind we support also P3 and P4 with modifications as follows, since we think they are also useful terms for the discussion.
· P3a: Normal MG: Gaps including Type-1 MG and Type-2 MG
· P4a: Component gap: one particular configured gap within concurrent gaps
With P3a and P4a, the following cases of concurrent MGs will be supported:
· Rel-17: all component gaps of concurrent MG are normal MGs
· Rel-18: at least one of the component gaps of concurrent MG is pre-MG (Case 1) or NCSG (Case 2)
Proposal 1: Support the following terminology for convenience of discussion:
· Normal MG: Gaps including Type-1 MG and Type-2 MG
· Component gap: one particular configured gap within concurrent gaps
Case 1 requirements
Pre-MG + pre-MG
	Issue 2-3: [Case 1] Whether to consider Pre-MG + Pre-MG in an FR  
< Wayforward >: FFS the following options
· Option 1: Yes
· Option 2: Deprioritize this combination
· Option 3a: Up to UE capability 
· Option 3b: It would be subject to a new UE capability if the Pre-MGs collide with each other or with other MGs


We support option 1. In our view, the main reason to configure concurrent gaps is that the reference signals on different frequency layers cannot be covered by one single gap. In this sense, it is possible that both gaps for one FR are pre-MG, e.g. when RS on both frequency layers are within CBW of a serving cell.
Proposal 2: Pre-MG + Pre-MG in one FR is supported in Case 1.
Max number of MGs
	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.


We do not support to increase the max number of gaps. In our view, MG will have negative impacts to NW capacity and create complexity in NW scheduling. Thus, the use of MG would be limited as much as possible. From UE side, larger number of MGs also means increased complexity. We do not see clear motivation to support more MGs than what is supported in Rel-17 con-MG, which on the other hand, will clearly increase the spec efforts.
Proposal 3: RAN4 not to increase max number of gaps for Case 1.
Gap association and (de)activation 
	Issue 2-6: [Case 1] Potential clarifications/changes to Rel-17 activation/de-activation mechanism
< Agreement >: 
·  Take the following as the baseline
· For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
· FFS any further enhancement
Issue 2-7: [Case 1] Potential clarifications/changes to Rel-17 gap association
< Agreement >: 
· RAN4 reuses the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
· FFS any further enhancement
· FFS how to interpret the gap association to an intra-frequency measurement that does not need MG/NCSG


In last meeting, some companies propose to consider implicit gap association as one optimization for pre-MG, where intra-frequency MOs are implicitly associated to the pre-MG and other MOs are implicitly associated to normal MG if intra-frequency MOs do not require MG. We do not support such optimization. It can result in inconsistency between NW configuration and UE assumption. Also, it does not work for the scenario with pre-MG + pre-MG, or the RRC signalling based pre-MG (de)activation. On the other hand, we do not see clear gain compared to NW implementation based solution, i.e. the same technical effect can be achieved if NW configures intra-frequency MOs associated with the pre-MG and inter-frequency MOs with the other con-MG.
Proposal 4: RAN4 to stick to the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
Another issue discussed last meeting is how to interpret the gap association to an intra-frequency measurement that does not need MG/NCSG. We understand there are already requirements about whether a frequency layer should be measured without MG or with MG. Associating a frequency layer to a MG does not mean the frequency layer should be always measured with MG. This is actually same case as in Rel-15 where an MG is configured. 
Proposal 5: Follow existing rules on whether a frequency layer should be measured with or without MG, no matter if the frequency layer is associated to a MG or not.
Collision handling 
	Issue 2-8: [Case 1] Overlapping with activated and de-activated Pre-MG
< Agreement >: 
· FFS further enhancement. If no consensus can be achieved in the future, we stick to the agreed baseline in R4-2214346. 
· FFS whether an additional capability is needed if collisions on Pre-MG is only considered when Pre-MG is activated
· TBD a deadline to cut off the discussion.


We support to stick to the baseline from RAN4#104-e in R4-2214346, i.e. collisions on pre-MG is only considered when pre-MG is activated. Whether a new UE capability is needed can be discussed separately (it is to be addressed in section 2.2.9), but we do not think RAN4 should consider collision for a deactivated pre-MG, i.e. other MG should not be dropped due to collision with a deactivated pre-MG even the pre-MG is with higher priority.
Proposal 6: RAN4 to stick to the baseline for collision handling, i.e. collisions on pre-MG is only considered when pre-MG is activated.
Priority assignment
	Issue 2-9: [Case 1] Potential changes on how to determine the priority
< Agreement >: 
· Take the following as the baseline in Rel-18
· The priority of a Pre-MG which concurrent with other gaps should be up to network assignment. For the priority of a Pre-MG, once it is configured, it should be same until it is reconfigured by RRC signalling 
· FFS whether to introduce priority based on associated MO(s)


In last meeting, some companies propose to consider priority assignment based on the associated MOs. We do not support this optimization. In our view, the NW configured priority as defined in Rel-17 is reliable and sufficient. If NW would like to prioritize a certain MO (e.g. PCell MO), it could configure the associated MG as highest priority. We understand that this may not provide full flexibility when NW wants to use more than 2 priorities in a dynamic way, but we believe in most cases NW implementation based solution is sufficient. On the other hand, such dynamic changing of MG priority may create inconsistency between NW and UE, and increase UE complexity.
Proposal 7: RAN4 to stick to NW configured priority for Case 1.
Gap sharing rule
	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.


RAN4 has discussed both priority rule and sharing rule in Rel-17 for con-MGs, and the conclusion was to use the priority rule. The considerations were e.g. scalability and efficiency. In Rel-18, in our view the considerations in Rel-17 con-MG still apply, and as such we do not see clear benefits to adopt sharing rule. We suggest to not to consider gap sharing rule for collision handling unless clear benefits are identified.
Proposal 8: RAN4 not to consider gap sharing rule for collision handling in Case 1 unless clear benefits are identified.
Additional dropping rule
	Issue 2-11: [Case 1] Additional gap dropping rule
< Wayforward >: 
· FFS whether UE shall drop the collided concurrent gap occasion, when the pre-configured MG activation procedure is overlapped with one of concurrent gap occasion. 


In our view, the reason to drop a component gap of con-MGs is that it is colliding with another component gap which has higher priority. Therefore, in non-colliding case as shown in Figure 2(a), the normal MG should be kept even it is overlapping with (de)activation procedure of the pre-MG. 
[image: ]
Figure 2: Examples where normal MG overlaps with (de)activation procedure of pre-MG
What may need to be clarified is the case when normal MG is colliding with a pre-MG that has higher priority and when normal MG is overlapping with the (de)activation procedure of pre-MG, as shown in Figure 2(b). In this case, as the status of the pre-MG is in transition, i.e. UE may consider pre-MG as activated or deactivated, during the deactivation procedure, UE may drop or keep the colliding normal MG. 
Proposal 9: UE may drop a normal MG if the normal MG is overlapping with the (de)activation procedure of a pre-MG, provided that the normal MG is colliding with the pre-MG and the pre-MG has higher priority. 
(De)activation delay
	Issue 2-12: [Case 1] Activation/deactivation delay
< Wayforward >: FFS the following options
· Option 1: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements need to be extended. 
· Note that this option is pending on the conclusion of whether to exclude Pre-MG + Pre-MG combo.
· Option 2: Pre-MG (de)activation delay from Rel-17 is re-used when the (de)activation procedures of multiple pre-MG overlap.


We support option 2. Our view is that the (de)activation of each pre-MG is independent, so the (de)activation of one pre-MG should not impact that for another pre-MG. Therefore, the pre-MG (de)activation delay from Rel-17 is re-used when the (de)activation procedures of multiple pre-MG overlap. Our assumption is that the (de)activation of multiple pre-MGs is not caused by multi-CC BWP switching since the scenario was not supported in Rel-17.
Proposal 10: As baseline, pre-MG (de)activation delay from Rel-17 is re-used even the (de)activation procedures of multiple pre-MG overlap.
Measurement requirements
	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


When pre-MG is activated, it is same as a configured normal MG, so the measurement requirements can be re-used from Rel-17 con-MGs. When pre-MG is deactivated, it is same as not configured, so the measurement requirements can be re-used from Rel-17 single MG. 
When the status of pre-MG is changed, it can result at changes to measurements, including 
· measurement performed with the pre-MG when it is activated
· measurement outside MG and L1 measurement, and
· measurement with the other component MG. 
The first one was already addressed in Rel-17 with the following requirements.
If the Pre-MG status changes during a measurement period of a measurement that can be performed without and within measurement gaps, the UE is allowed to restart the measurement.
If the Pre-MG status changes from activated to deactivated during a measurement period of a measurement that can only be performed within measurement gaps, the measurement requirements do not apply.
[bookmark: _Hlk117583723]For the other two, we understand that when the measurement period requirements, e.g. Kp, Kgap, CSSF or P factors, for a measurement is changed due to status change of the pre-MG, UE may re-schedule the measurement, and the measurement period requirements should not apply. In other words, UE should be allowed to restart the measurement and fulfill the measurement period requirements with new Kp, Kgap, CSSF or P factors.
Proposal 11: When the measurement period requirements for a measurement are changed due to status change of a pre-MG, the measurement period requirements should not apply, and UE is allowed to restart the measurement.
Other
	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)


We support P1 and P2. The issue addressed by these two proposals is dynamic change of drop/keep of the other component gap due to status change of the pre-MG. In Rel-17 con-MGs, drop/keep of each component gap is determined once UE receives the RRC configuration, but in Rel-18 Case 1 this may change due to status change of the pre-MG which can be dynamically triggered by MAC CE or DCI. When drop/keep of a component gap is changed, UE would need to re-schedule all the measurement based on new measurement requirements, i.e. new Kp, Kgap, CSSF or P factors for each measurement. Although this is do-able, it clearly requires new implementation and complexity from UE compared to the case where dynamic change of drop/keep of the other component gap does not happen (note that it does not only affect measurement with the other component gap but also measurement outside MG). Therefore, we support to define a separate capability for the case where dynamic change of drop/keep of the other component gap would happen.
Dynamic change of drop/keep of the other component gap would happen when pre-MG is colliding with the other component gap and pre-MG has higher priority. From NW perspective, if UE does not support this capability, it means NW may need to configure two normal MG as component gaps or avoid collision between pre-MG and the other component gap.
Proposal 12: Define separate UE capability for the scenario where pre-MG is colliding with the other component gap and pre-MG has higher priority.
[bookmark: _GoBack]Conclusions
In this paper we provided our views on joint working of pre-MG and con-MG.
Proposal 1: Support the following terminology for convenience of discussion:
· Normal MG: Gaps including Type-1 MG and Type-2 MG
· Component gap: one particular configured gap within concurrent gaps
Proposal 2: Pre-MG + Pre-MG in one FR is supported in Case 1.
Proposal 3: RAN4 not to increase max number of gaps for Case 1.
Proposal 4: RAN4 to stick to the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
Proposal 5: Follow existing rules on whether a frequency layer should be measured with or without MG, no matter if the frequency layer is associated to a MG or not.
Proposal 6: RAN4 to stick to the baseline for collision handling, i.e. collisions on pre-MG is only considered when pre-MG is activated.
Proposal 7: RAN4 to stick to NW configured priority for Case 1.
Proposal 8: RAN4 not to consider gap sharing rule for collision handling in Case 1 unless clear benefits are identified.
Proposal 9: UE may drop a normal MG if the normal MG is overlapping with the (de)activation procedure of a pre-MG, provided that the normal MG is colliding with the pre-MG and the pre-MG has higher priority. 
Proposal 10: As baseline, pre-MG (de)activation delay from Rel-17 is re-used even the (de)activation procedures of multiple pre-MG overlap.
Proposal 11: When the measurement period requirements for a measurement are changed due to status change of a pre-MG, the measurement period requirements should not apply, and UE is allowed to restart the measurement.
Proposal 12: Define separate UE capability for the scenario where pre-MG is colliding with the other component gap and pre-MG has higher priority.
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