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1. [bookmark: _Ref165266342]Introduction
In RAN4 99-e, companies had discussions on the requirements of multiple concurrent and independent MG patterns with several remaining issues[1]. For RAN4 100-e, we aim to share further views on defining the requirements. To facilitate the discussions, we feel it is central to balance the complexity and requirements in order to achieve the goals in the WID.
2. Discussions
2.1 Definition
RAN4 has reached agreement in the following aspects. We think the agreement reserves a flexible way of configuring and/or reconfiguring the multiple gap patterns in a single or separate RRC messages. 
	Refinement of concurrent gap definition
· Concurrent gaps are multiple measurement gaps configured by RRC message(s)
· Either by same or separate RRC messages
· Whether and how to introduce new IE(s) or duplicate the existing IE is left to RAN2.
· Note: if existing IE is to be used, the configuration mechanism shall allow NW to use the same IE to either configure additional concurrent MGP or update the configured MGP.


As a reminder to RAN4 that the multiple concurrent gap shall be unified with other objectives of R17 measurement gap enhancements and legacy gap, we would propose to discuss in the next stage allowing one or both gap patterns to be either legacy MG, pre-configured MG or NCSG as permitted by the RAN2 signaling design.
Proposal1: RAN4 to discuss in the next stage, a hybrid way of configuring the multiple concurrent MGs to be a legacy, pre-configured MG or NCSG instances as the requirement on the RAN2 signaling design.
For example, it is possible to have GAP1=per FR1 legacy MG && GAP2=pre-configured MG.
2.2 Applicability and configurations
In the aspect of applicability and configurations, there are following FFS issues.
	· 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


As above, the association mechanism offers a way to reserve a gap pattern for dedicated use. 
If the association is not indicated to UE, by default, positioning measurement shall have a dedicated use of the measurement pattern due to its complexity in UE processing. For the other types of measurements, UE may follow the existing CSSF rules to employ the MG for performing measurements within the gap.
Proposal2: Regardless of association being provided, PRS measurement for positioning is exclusively associated with one of the instance of multiple gaps at least for R17.
Proposal2.1: If association is not provided, each of the multiple gaps is shared by SSB and/or CSI-RS according to the CSSF rules within the gap.
As there could be more than one non-NR RAT measurement objectives such as positioning and/or IRAT, it is supported to configure multiple concurrent gaps too with non-NR RAT measurements. 
Proposal3: support configuring concurrent gap for the case with only non-NR RAT measurement objectives.
2.3 UE capability related issues
The main issue on the UE capability is the number of multiple gaps that UE shall support. Due to per UE and per FR UE capability, the number of active gap patterns may differ. The WF has outlined some agreements below.
	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


It is observed that RAN4 aims to address the least complex case for supporting multiple gaps and max 2 MGs can be supported if UE doesnot support per-FR gap which means up to 2 per-UE gaps are allowed. The principle to ensure minimally added complexity can be honored to discuss the FFS on the max number of supported concurrent gaps across all FRs. For example, when one FR is configured with 2 per FR MGs, it would be preferred to have single per FR MG for the other FR, which is the simplest case one can envision. So up to 3 per FR MGs shall be supported as a starting point unless RAN4 identifies there is a need to consider two MGs per FR simultaneously. 
Proposal4: max number of supported concurrent gaps across all FRs is three.
Proposal4.1: Support at most two concurrent gaps of the same type i.e. per-FR1, or per-FR2 or per-UE gaps.
During the previous meeting, majority companies support the need to accommodate the positioning measurement by the framework of multiple concurrent gaps and to our awareness, RAN1 also made similar agreement in RAN1 105-e[2].
	Agreement(RAN1 105-e):
RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
Note: The combination of the above items is possible.


Thus it is clear to us the most straightforward approach to take care of the positioning measurement is to allow one of the multiple concurrent gap to be per-UE gap, reserved for positioning and applied to both FRs because UE would need to have a dedicated suspension of activity for processing the demanding measurement task. This motivates the proposal to allow simultaneous conifiguration of 1 per-FR MG+1 per-UE MG, or, 2 per-UE MGs, or, 2 per-FR MGs+1per-UE MG. In addition to proposal4, we propose,
Observation1: RAN1 agreements have implications in the requirements of RAN4 WI of multiple concurrent gaps. 
Proposal5: RAN4 to agree on the concurrent per-UE gap and per-FR gap(s) for positioning measurement.
2.4 Overlapping issues
Multiple concurrent MGs are resulted from multiple MG patterns that are configured by the NW. Without limitation, it is possible that one MG pattern could have overlapping gap instances with another MG pattern. In the previous meeting, there are several overlapping cases that were enumerated in the WF.
Overlapping can be categorized in two cases. Case1, overlapping of two same type MGs i.e. per-FR MG overlaps with another per-FR MG, or per-UE MG overlaps with another per-UE MG; Case2, per-FR MG overlaps with a per-UE MG or vice versa. In our view, as per-UE MG, if configured due to positioning measurement, takes higher priority, it is fair to pursue the option2 for the following FFS for handling the colliding gap occasions for case2. As to Case1, RAN4 can focus on the FNO(fully) non-overlapping case. This way the RAN4 work effort could be minimized.
	If at least one of the FO, FPO, PFO and PPO cases is agreed further discuss based on the general assumption:
· UE is required to measure only in one MG in occasions where the two MG s are overlapped
· For per-FR gap case, different FR will be considered separately.
· FFS the rule for colliding gap occasions
· Option 1: Gap sharing
A factor for gap sharing percentage, e.g., given 50% gap sharing, the measurement w.r.t. one gap will share roughly 50% of the time, while the other gap share the remaining
· Option 2: Priority
UE will only do the measurement w.r.t. the gap with higher priority all the time
· Option 3: other option is not precluded
· FFS the data will be scheduled on the dropped gap occasions.


Observation2: There are two cases for colliding gaps. Case1, per-FR MG overlaps with another per-FR MG, or per-UE MG overlaps with another per-UE MG; case2, per-FR MG overlaps with a per-UE MG or vice versa.
Proposal6: FO/FPO/PFO/PPO are not considered for case1 when two MGs of the same type overlap.
Proposal7: per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
Still, for FNO(fully non-overlapped) MGs, following FFS remains. From UE’s perspective, depending on the implementation, it may be possible that UE may schedule and prepare the multiple gap together once per periodicity that is common for both MG patterns periods; alternatively, UE may look at entering into the next gap instance upon the completion of the previous gap instance. Thus, to accommodate both possibibilities, it is safe to reserve some minimal time separation between the two MG instances in the case of FNO multiple gaps. 
	FFS whether to define gap cancel rules for fully non-overlapped (FNO) considering the following scenarios
· URLLC scenario
· HARQ feedback (k1, k2)
· FFS other option (e.g. min distance)


Proposal8: Support defining a time domain minimal distance [X]ms between the two gap instances.






3. Conclusion
In this paper, we provided further thoughts on defining the requirements for multiple concurrent gaps. We wish to voice the need to allow positioning measurement to be fulfilled by the framework in line with RAN1 progress and simplify the work effort by not considering any overlapping scenarios.
Proposal1: RAN4 to discuss in the next stage, a hybrid way of configuring the multiple concurrent MGs to be a legacy, pre-configured MG or NCSG instances as the requirement on the RAN2 signaling design.
Proposal2: Regardless of association being provided, PRS measurement for positioning is exclusively associated with one of the instance of multiple gaps at least for R17.
Proposal2.1: If association is not provided, each of the multiple gaps is shared by SSB and/or CSI-RS according to the CSSF rules within the gap.
Proposal3: Support configuring concurrent gap for the case with only non-NR RAT measurement objectives.
Proposal4: Max number of supported concurrent gaps across all FRs is three.
Proposal4.1: Support at most two concurrent gaps of the same type i.e. per-FR1, or per-FR2 or per-UE gaps.
Observation1: RAN1 agreements have implications in the requirements of RAN4 WI of multiple concurrent gaps. 
Proposal5: RAN4 to agree on the concurrent per-UE gap and per-FR gap(s) for positioning measurement.
Observation2: There are two cases for colliding gaps. Case1, per-FR MG overlaps with another per-FR MG, or per-UE MG overlaps with another per-UE MG; case2, per-FR MG overlaps with a per-UE MG or vice versa.
Proposal6: FO/FPO/PFO/PPO are not considered for case1 when two MGs of the same type overlap.
Proposal7: per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
Proposal8: Support defining a time domain minimal distance [X]ms between the two gap instances.
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