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1. Introduction
At RAN 90 meeting one WI related to Rel-17 RRM gap enhancement was agreed at [1], three topics were provided. The objective of multiple concurrent and independent MG patterns is copied here for information:
Multiple concurrent and independent MG patterns [RAN4, RAN2]

· RRM requirements for concurrent and independent MG patterns [RAN4] 

· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time

· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 

· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 

· Define the corresponding measurement requirements

· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 

· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 

· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input

The multiple concurrent and independent gaps has been discussed for a few meetings. In this contribution, we provide our further considerations on several aspects regarding this WI.
2. Discussion
Applicability and configurations
Regarding the applicability and configurations of concurrent and multiple MGs, the following agreements and FFS are listed at [2]:
· Introduce the association between measurement gap and dedicated use case(s). 
· FFS how to handle the case when the association is not provided.
· Inform RAN2 that the measurement gap can be associated to one or multiple use cases in the following, while the detail on how to implement the association is left to RAN2
· One or more MO(s) for same or different RATs
· SSB and/or CSI-RS in each associated NR MO
· PRS
· FFS whether to allow concurrent gap for the case with only non-NR RAT measurement objectives
Regarding the issue on how to handle the case when the association is not provided, firstly we think the benefit of multiple concurrent gap heavily depends on the association between some MGs and dedicated user cases. When there is no such associations, we can use legacy measurement gaps’ behaviour as an example. When legacy measurement gap is used, all MO which will use gaps will share the configured MG based on predefined gap sharing rule. For the multiple concurrent gap scenario, if there is no particular associations rules, then the default assumption should be all MOs which requires measurement gaps share all configured maps equally. 
Proposal 1: For the multiple concurrent gap scenario, if no particular associations between measurement gap and MOs are provided, then the default assumption should be that all MOs which require measurement gaps share all configured maps equally. 
Regarding whether to allow concurrent gap for the case with only non-NR RAT measurement objectives, as discussed at previous meeting, the scenario for discussion may need more clarification. Assuming non-NR RAT is LTE, we think it is feasible if the scenario is even one of the concurrent gap is purely used for measuring LTE and other gaps are used for other MOs. 
Proposal 2: it is feasible if the scenario is even one of the concurrent gap is purely used for measuring LTE and other gaps are used for other MOs.
UE capability related issues
The following agreements and options are available from [2]:
· Max number of supported concurrent gap:
· When UE doesn’t support per-FR gap, 
· Assume max 2 MGs as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· Larger number can be considered if RAN4 has extra time in Rel-17.
· UE capability can be discussed later and independently.
· When UE supports per-FR gap, 
· Agreement:
· Allow network to fall back to use per-UE gap
· FFS whether to allow simultaneous configuring per-UE gap and per-FR gap 
· Assume max 2 MGs in an FR as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· FFS the max number of supported concurrent gaps across all FRs, e.g.,
· Only per-FR gaps are configured
· per-UE gap and per-FR gap are configured simultaneous, if agreed
The max number of supported concurrent gaps across all FRs are still open. For the scenario where only per-FR is configured, the max number of gaps across all FRs could be 4, assuming the maximum number of gaps per FR is 2 as agreed in previous RAN4 meeting. 
Regarding whether to allow simultaneous configuring per-UE gap and per-FR gap, for the multiple concurrent gap design, theoretically per UE gap and per FR gap could be allowed to be configured simultaneously. If this is the case, the maximum number of gaps when per-UE gap and per-FR gap are configured simultaneous could be 4 whereas the maximum number of gaps is 2 for per FR and per UE configuration, respectively. 
Proposal 3: For the scenario where only per-FR is configured, the max number of gaps across all FRs could be 4, assuming the maximum number of gaps per FR is 2. 

The maximum number of gaps when per-UE gap and per-FR gap are configured simultaneous could be 4 whereas the maximum number of gaps is 2 for per FR and per UE configuration, respectively.

Overlapping issues
The following four overlapping scenarios were identified during previous RAN4 discussion:
· Fully-overlapped (FO)
· Fully-partial overlapped (FPO)
· Partially-fully overlapped (PFO)
· Partially-partial overlapped (PPO)
We think consistent design principles should be applied for all these overlapping scenarios since they share similar properties. When two gaps collide, no matter they are fully collide or only part of one gap collides with another gap, rules (either dropping, cancellation or other name) should be designed to ensure only one gap is effective among all colliding gaps. Otherwise it is difficult to define performance requirements if more than one colliding gaps are effective. Regarding the concrete rule design, we are ok to investigate rules based on either priority or sharing principles initially. 
Proposal 4: For all identified overlapping scenarios, in order to define performance requirement, rules based on either priority or sharing principles should be investigated. 

Proposal 5: Identical dropping/cancellation rules should be applied for all identified overlapping scenarios
Overhead issue
The overhead issue of concurrent and multiple MGs has been discussed before. The overhead, which directly links to the throughput loss due to the measurement gap, is a key question for the concurrent and multiple MGs design since the implementation complexity will be increased anyway by introducing this feature. A reasonable overhead could provide a good tradeoff among implementation complexity, throughput loss and measurement performance benefit through using this feature and justify the executability of this feature. During previous RAN4 meeting, whether to define an overhead cap for concurrent gap has been discussed and we think option 1 (Yes) should be used. 

Proposal 6: define an overhead cap for concurrent gap, i.e., option 1.  
Regarding the principle on how to define the overhead cap, one possible rule is that the MG overhead shall not exceed the maximum MG overhead of the pattern supported by the UE according to R15/16 capabilities supportedGapPattern and supportedGapPattern-NRonly. We also think this could be used as a principle to limit the overhead of concurrent and multiple MG overhead. 

Proposal 7: the principle to define the cap could be the MG overhead shall not exceed the maximum MG overhead of the pattern supported by the UE according to R15/16 capabilities supportedGapPattern and supportedGapPattern-NRonly.  

Measurement requirements
At previous meeting a lot of principles for RRM requirement definition were discussed and almost no agreement has been achieved. To us, the CSSF principle should be clarified before corresponding RRM requirements defined. 
Regarding CSSF, the legacy methodology to calculate the CSSFwithin_gap,i of one particular measurement object is based on the assumption that all related measurement objects share one configured measurement gap. When multiple and concurrent measurement gaps are configured, since one particular measurement gap can be associated to one or multiple use cases, which means that some MOs share one particular MG and the other MOs share another independent MG Under this scenario, the CSSFwithin_gap,i for each particular gap needs recalculation and when calculating CSSFwithin_gap,i, only only MOs share this gap should be counted in. 
Proposal 8: Regarding CSSF, CSSFwithin_gap,i for a particular gap among multiple and concurrent gaps needs recalculation and when calculating CSSFwithin_gap,i, only MOs share this gap should be counted in.
Another issue is a few measurement requirements depends on the MGRP value, for example for measurements related to serving cells such as RLM (requirements are copied from [3] below for convenience), the value of P in the following table depends on MGRP value. When multiple and concurrent MGs are configured, different MG may have different MGRP value or even different MGs have the same MGRP value, the actually MGRP value seed by a UE for RLM is still different. Hence we suggest to investigate how to define a suitable MGRP when multiple measurement gaps are configured for related measurements such as RLM. 
Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P) ( TSSB)
	Max(100, Ceil(5 ( P) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15 ( P) ( Max(TDRX,TSSB))
	Max(100, Ceil(7.5 ( P) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P) ( TDRX
	Ceil(5 ( P) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P ( N) ( TSSB)
	Max(100, Ceil(5 ( P ( N) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15 ( P ( N) ( Max(TDRX,TSSB))
	Max(100, Ceil(7.5 ( P ( N) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P ( N) ( TDRX
	Ceil(5 ( P ( N) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Proposal 9: Investigate how to define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements such as RLM.
3. Conclusion
In this contribution, we provide our considerations for the concurrent and multiple gaps design and have the following proposals:
Proposal 1: For the multiple concurrent gap scenario, if no particular associations between measurement gap and MOs are provided, then the default assumption should be that all MOs which require measurement gaps share all configured maps equally. 
Proposal 2: it is feasible if the scenario is even one of the concurrent gap is purely used for measuring LTE and other gaps are used for other MOs.

Proposal 3: For the scenario where only per-FR is configured, the max number of gaps across all FRs could be 4, assuming the maximum number of gaps per FR is 2. 

The maximum number of gaps when per-UE gap and per-FR gap are configured simultaneous could be 4 whereas the maximum number of gaps is 2 for per FR and per UE configuration, respectively.

Proposal 4: For all identified overlapping scenarios, in order to define performance requirement, rules based on either priority or sharing principles should be investigated. 

Proposal 5: Identical dropping/cancellation rules should be applied for all identified overlapping scenarios
Proposal 6: define an overhead cap for concurrent gap, i.e., option 1.  

Proposal 7: the principle to define the cap could be the MG overhead shall not exceed the maximum MG overhead of the pattern supported by the UE according to R15/16 capabilities supportedGapPattern and supportedGapPattern-NRonly.  

Proposal 8: Regarding CSSF, CSSFwithin_gap,i for a particular gap among multiple and concurrent gaps needs recalculation and when calculating CSSFwithin_gap,i, only MOs share this gap should be counted in.

Proposal 9: Investigate how to define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements such as RLM.
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