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1 Introduction
In RAN#95e meeting, a new work item on further enhancements on NR and MR-DC measurement gaps and measurements without gaps was approved in [1] with the following objectives considered. 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The following objective are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase
(2) [bookmark: _Hlk95412263]Define RRM requirements for measurement without gaps for the following cases
· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]
i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed
ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement


The WI was agreed to be started from RAN4#104e meeting in August 2022. In this paper, we have some initial discussions on the first objective of RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG. 
2 Discussion
2.1 The combination of Pre-MG and concurrent MGs
In Rel-17, the joint configuration of Pre-MG, concurrent MG and NCSG has been supported from signaling perspective, but there are no requirements for the joint configured cases. In this WI, we are going to define the requirements for joint configurations, and the following cases were prioritized based on the WID. 
· Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
When defining requirements for the joint configurations, the mechanism and requirements defined in Rel-17 for each feature can be used as the starting point. 
For case 1, at least one pre-MG is included in the concurrent MGs and the framework of concurrent MG defined in Rel-17 can be used as the starting point. The difference from Rel-17 is that the pre-MG can be activated or deactivated based on the network indication or trigger event and will affect the number of active gaps in the system. But once the pre-MG is activated or deactivated, the case is equivalent to the concurrent MGs defined in Rel-17 and the requirements can be reused. Considering the characteristic of Pre-MG, the definition of concurrent MGs needs to be updated as multiple activated gaps rather than multiple configured gaps. Also for the proximity condition, only the activated gaps need to be considered. On the other hand, in Rel-17, the requirements for concurrent gaps are defined assuming that at most 2 gaps can be configured in one FR and we can further discuss whether to increase the maximum number of activated gaps in Rel-18 which was already supported form signaling perspective. When more than 2 activated gaps are allowed, the proximity condition and priority rules defined in Rel-17 can be reused when colliding. And more than 2 priority levels have already been supported from signaling perspective. 
Proposal 1: RAN4 to update the definition of concurrent MGs as multiple activated gaps to include the Pre-MG. 
Proposal 2: RAN4 to discuss whether to increase the maximum number of activated gaps in Rel-18 which was already supported from signaling perspective. 
Proposal 3: The proximity condition and priority rules when colliding defined in Rel-17 can be reused. And for the proximity condition, only the activated gaps need to be considered. 
For the combination of Pre-MG and concurrent MGs, the measurement requirements need to be defined. And in our understanding, the measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF. 
Proposal 4: The measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF. 
And for Pre-MG, considering the combination with concurrent MG, the enhancement can be made to allow network configuring and activating multiple Pre-MGs. The activation/deactivation mechanism of Pre-MG defined in Rel-17 can be used as starting point. When multiple Pre-MGs are configured, network controlled activation/deactivation defined in Rel-17 is still applied. But for UE autonomous activation/deactivation, it should be studied how to decide the gaps to be activated. 
Proposal 5: RAN4 to discuss and define the requirements assuming that multiple Pre-MG can be configured and activated. 
[bookmark: OLE_LINK66]Proposal 6: Network controlled activation/deactivation and UE autonomous activation/deactivation mechanism defined in Rel-17 can be the starting point and it should be studied how to decide the gaps to be activated when multiple Pre-MGs are configured. 
2.2 The combination of NCSG and concurrent MGs
For case 2, at least one NCSG is included in the concurrent MGs and the framework of concurrent MGs defined in Rel-17 can be used as the starting point. Similar as the discussion in 2.1, the definition of concurrent MGs needs to be updated to include NCSG configuration, and the updates for Pre-MG and NCSG can be considered together. Also it can be further discussed whether the maximum number of gaps including legacy gap and NCSG can be increased. And this can also be considered together with Pre-MG. 
When Pre-MG or NCSG is defined as one of the concurrent MGs, the association between measurement and gaps should be configured and it has been supported based on Rel-17 signaling. But considering the applicable scenarios of Pre-MG and NCSG, some clarifications on the association may be needed. 
Proposal 7: The definition update of concurrent MGs to include NCSG and the maximum number of concurrent gaps including NCSG should be discussed and can be considered together with Pre-MG. 
Observation 1: The gap association configuration for Pre-MG and NCSG has already been supported by Rel-17 signaling. But some clarifications on the applicability may be needed. 
For the colliding case, the priority rules defined in Rel-17 can be reused and the proximity condition can be revisited. In Rel-17, the two measurement gap occasions are considered colliding if they are fully or partially overlapping in time domain or the distance between the two occasions is equal to or smaller than 4ms. And the distance between two measurement gap occasions is defined as the time difference between the ending point of the first occasion and the starting point of the second occasion, where the first measurement gap occasion occurs earlier in time than the second measurement gap occasion. 
Similarly, for the combination of NCSG and concurrent MGs, if the NCSG and legacy gap/NCSG are fully or partially overlapping in time domain (including VIL and ML), they are considered as colliding. But since the interruption is already defined as VIL when definition NCSG pattern, we think the distance limitation between NCSG and legacy gap or the distance between two NCSGs should be revisited and is related to the definition of the distance. If the distance is defined based on the boundary of VIL, the proximity condition can be updated to allow the shorter distance. 
Taking two NCSGs as example, If the distance between two NCSGs is defined as the time difference between the ending point of ML of the first NCSG and the starting point of ML of the second NCSG, the proximity condition  between two NCSGs can be defined as [4]ms. But if the distance between two NCSGs is defined as the time difference between the ending point of VIL2 of the first NCSG and the starting point of VIL1 of the second NCSG, the proximity condition between two NCSGs can be defined as a smaller distance, e.g.[2 or 0]ms. 
For the colliding between NCSG and legacy gap, there is another issue to be considered. Since they are on the different RF chains, it seems that there will be no effect on each other except the RF retuning time. So it should be studied whether to define the proximity condition. In our understanding, for the colliding between NCSG and legacy gap, only physically colliding in time domain needs to be considered and no need to further limit the distance between NCSG and legacy gap. 
Proposal 8: The priority rules when colliding defined in Rel-17 can be reused for the combination of NCSG and concurrent MGs and the proximity condition should be revisited. 
Proposal 9: The distance between two NCSGs can be defined as the time difference between the ending point of VIL2 of the first NCSG and the starting point of VIL1 of the second NCSG. 
Proposal 10: The two NCSG occasions are considered colliding if they are fully or partially overlapping in time domain or the distance between the two occasions is equal to or smaller than [X]ms. X can be further discussed, e.g. [2 or 0]ms. 
Proposal 11: The distance between NCSG and legacy gap can be defined as the time difference between the ending point of VIL2 of the NCSG and the starting point of MGL of MG when NCSG occurs earlier than the MG, or the time difference between the ending point of MGL of the MG and the starting point of VIL1 of NCSG when MG occurs earlier than NCSG. 
Proposal 12: The NCSG occasion and legacy gap occasion are considered colliding if they are fully or partially overlapping in time domain or the distance between the two occasions is equal to or smaller than [Y]ms. Y can be further discussed, e.g. [2 or 0]ms.
Based on the framework of concurrent MGs in Rel-17, the measurement requirements with MG and with NCSG in existing specification can be reused separately as the measurement requirements are defined based on the associated gaps (including legacy gap and NCSG). 
Proposal 13: The measurement requirements with MG and with NCSG in existing specification can be reused separately. 
2.3 Other possible enhancements
After the requirements in section 2.1 and 2.2 are defined, the framework of concurrent MGs can be extended not to differentiate gap types (Pre-MG, legacy MG or NCSG) and the requirements defined in case 1 and case 2 can be applied for the general case. 
Proposal 14: After the requirements for case 1 and case 2 are defined, the framework of concurrent MGs can be extended to general case and not to differentiate gap types (Pre-MG, legacy MG or NCSG). 
3 Summary
In this paper, we have some initial discussions on the RRM requirements for combination of Pre-MG, concurrent MG and NCSG, and the following observations and proposals are given：
Observation 1: The gap association configuration for Pre-MG and NCSG has already been supported by Rel-17 signaling. But some clarifications on the applicability should be made. 
Proposal 1: RAN4 to update the definition of concurrent MGs as multiple activated gaps to include the Pre-MG. 
Proposal 2: RAN4 to discuss whether to increase the maximum number of activated gaps in Rel-18 which was already supported from signaling perspective. 
Proposal 3: The proximity condition and priority rules when colliding defined in Rel-17 can be reused. And for the proximity condition, only the activated gaps need to be considered. 
Proposal 4: The measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF. 
Proposal 5: RAN4 to discuss and define the requirements assuming that multiple Pre-MG can be configured and activated. 
Proposal 6: Network controlled activation/deactivation and UE autonomous activation/deactivation mechanism defined in Rel-17 can be the starting point and it should be studied how to decide the gaps to be activated when multiple Pre-MGs are configured. 
Proposal 7: The definition update of concurrent MGs to include NCSG and the maximum number of concurrent gaps including NCSG should be discussed and can be considered together with Pre-MG. 
Proposal 8: The priority rules when colliding defined in Rel-17 can be reused for the combination of NCSG and concurrent MGs and the proximity condition should be revisited. 
Proposal 9: The distance between two NCSGs can be defined as the time difference between the ending point of VIL2 of the first NCSG and the starting point of VIL1 of the second NCSG. 
Proposal 10: The two NCSG occasions are considered colliding if they are fully or partially overlapping in time domain or the distance between the two occasions is equal to or smaller than [X]ms. X can be further discussed, e.g. [2 or 0]ms. 
Proposal 11: The distance between NCSG and legacy gap can be defined as the time difference between the ending point of VIL2 of the NCSG and the starting point of MGL of MG when NCSG occurs earlier than the MG, or the time difference between the ending point of MGL of the MG and the starting point of VIL1 of NCSG when MG occurs earlier than NCSG. 
Proposal 12: The NCSG occasion and legacy gap occasion are considered colliding if they are fully or partially overlapping in time domain or the distance between the two occasions is equal to or smaller than [Y]ms. Y can be further discussed, e.g. [2 or 0]ms.
Proposal 13: The measurement requirements with MG and with NCSG in existing specification can be reused separately. 
Proposal 14: After the requirements for case 1 and case 2 are defined, the framework of concurrent MGs can be extended to general case and not to differentiate gap types (Pre-MG, legacy MG or NCSG). 
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