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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a WF for multiple concurrent and independent gap patterns was approved [1]. In this contribution, we continue to discuss the concurrent gaps requirement.
2 Applicability and configurations
In last meeting, the remaining issues is whether to allow concurrent gap in the case when only E-UTRAN measurement objectives are configured.
	Issue 2-1-1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
· Open issue
· Option 1: Yes
· Option 1a: Yes, provided that UE supports LTE measurement with concurrent MGs, which is up to UE capability
· Option 1b: Yes, under the condition that only one per-UE MG is configured for UE
· Option 2: No
Issue 2-1-2: Additional limitation when UE is configured with both E-UTRA and NR MOs
· Open issue
· FFS: When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, but all E-UTRA MOs are expected to be associated with one single MG



This issue is similar as whether to limit the NW’s configuration on the type of measurement objectives. From our understanding, it’s up to NW to configure one gap or two gaps for E-UTRAN measurements once UE supports concurrent gaps. Furthermore, compared with single measurement gap, multiple measurement gaps’ scheduling is agnostic on the measurement type. It only focuses on when to switch the RF chain to the target frequency for measurement and stop the data reception channel. Thus, if UE supports concurrent gaps, there is no technical reason to NOT support two inter-RAT measurements. When UE is configured with both E-UTRA and NR Mos and concurrent MGs, it’s up to NW’s configuration on E-UTRA MOs to be associated with one or two MGs,
[bookmark: _Ref71471041][bookmark: _Ref78624429]Proposal 1: It’s up to NW to decide whether to configure only E-UTRAN measurement objectives.
[bookmark: _Ref95504015]Proposal 2: It’s up to NW to decide whether to configure E-UTRAN measurement objectives associated with one or two MGs.
3 [bookmark: _Ref54117246]Overlapping
Condition of overlapping
[bookmark: _Ref78624474]The proximity condition to apply the gap overlapping rule can base on the comparison between time difference of the ending point in time of one gap and the starting point in time of the other gap with a defined threshold. In last meeting, the agreed potential values are listed as follow.
	Issue 2-3-1: X value in proximity condition for overlapping in FR1. 
· Agreement
· Consider as least X=4 in proximity condition for overlapping in FR1
· FFS to introduce X=0 as an optional UE capability
 Issue 2-3-2: X value in proximity condition for overlapping in FR2
· Open issue
· FFS to consider as least X=4 in proximity condition for overlapping in FR2
· FFS to introduce X=0 as an optional UE capability


When RAN4 considers the values to define the proximity condition, two important technical aspects should be considered. On the one hand, the proximity condition shall guarantee UE to perform the consecutive measurements within two gaps which are close to each other. On the other hand, the proximity condition can avoid UE not to receive the DL or/and transmit the UL during a long period. Such long outage will be intolerable by some low latency service, such as URLLC etc. Thus, the proximity issue is not only related to UE capability but also NW scheduling. The proximity condition will consider the scheduling limitation when data scheduling during dropped gap occasions is assumed. Thus, the values can be 4ms for FR1 and 1ms for FR2. 
[bookmark: _Ref92140485][bookmark: _Ref92725787][bookmark: _Ref95504019][bookmark: _Ref78636009]Proposal 3: The proximity condition X = 4ms for FR1 and 1ms for FR2, and no further UE capability to introduce X=0ms for proximity condition.
Overlapping rule
In last meetings, some rules(priority/sharing/canceling) for overlapping instances were discussed. Two options are agreed to further study in this meeting.
	Issue 2-3-2: UE behavior during colliding gap occasion
· Open issue
· Option 1: Priority rule 
· UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions
· The priority can be configurable or fixed
· Option 5: Compromised proposal from moderator
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors. 
· The signalling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%. 
· The requirements for other sharing factors are FFS in later releases.  


From our understanding, it’s better to find a good compromise solution to consider the possible forward compatibility to introduce enhanced mechanism for gap overlapping, especially, when RAN4 considers a greater number of gaps will be supported in the future release, such as MU-SIM gaps and NTN gaps. Thus, the most important issue for gap overlapping is that both NW and UE should have the clear understanding of each gap where collision happens. On the one hand, UE can easily schedule the measurements based on the NW’s gap indication. On the other hand, NW can schedule the data on the unused gap occasion when collision happens.
Currently, the traditional gap is applied for CONNECTED mode mobility, or positioning measurements. When additional new gaps will be introduced, such as MU-SIM gap or NTN gap, network can indicate the priority of the gap or gap group.  Current traditional MGs can be believed as a gap group for CONNECTED mobility; the new type of measurements, such as MU-SIM gaps can be believed as another gap group. Network can further indicate the gap overlapping rule based on the gap groups. For example, as we mentioned before, the gaps can be grouped by the usage configured from NW. The gap overlapping rule can be used to indicate which group of gaps shall be prioritized once overlapping happens. Thus, to consider forward compatibility with other type of gaps, NW needs to configure the priority indication together with the configured measurement gaps. For example, NW can configure one gap for legacy L3 mobility with priority as ‘1’, one gap for positioning with priority as ‘0’ and two gaps for MUSIM with priority as ‘2’. (‘0’ – the highest priority, ‘2’ – the lowest priority)
[image: ]
Figure 1: Gap overlapping between MG for L3 mobility and the new MGs for MU-SIM
[bookmark: _Ref92140498][bookmark: _Ref95504022]Proposal 4: NW needs to configure each measurement gap together with the priority indication. UE will perform measurement only on the higher priority gap when overlapping happens.
After defining the general overlapping rule to determine which gap shall be keep and the proximity condition to apply the rule, the UE’s behaviour is clear when concurrent gaps’ overlapping happens. The same collision rule can be applied to all of the FO/FPO/PFO/PPO/FNO cases. Thus, RAN4 can further skip the discussion on issue FO/FPO/PFO/PPO/FNO cases.
[bookmark: _Ref85032550]Proposal 5: RAN4 to apply the overlapping rule to all FO/FPO/PFO/PPO/FNO scenarios.
4 Overhead
Whether to define an overhead cap is related to restrict the configuration from network side. On the one hand, network can manage this cap and tradeoff between the throughput loss and measurement gaps’ configuration. On the other hand, there is no significant throughput loss for UE compared with the legacy MG when data scheduling is assumed on the dropping gap occasions.
[bookmark: _Ref67407880][bookmark: _Ref61170142][bookmark: _Ref78624522][bookmark: _Ref61170138]Proposal 6: RAN4 not to define an overhead cap for concurrent gaps. 
5 Conclusion
In the contribution, we discuss the open issues for concurrent gap. We have the following proposals:
Proposal 1: It’s up to NW to decide whether to configure only E-UTRAN measurement objectives.
Proposal 2: It’s up to NW to decide whether to configure E-UTRAN measurement objectives associated with one or two MGs.
Proposal 3: The proximity condition X = 4ms for FR1 and 1ms for FR2, and no further UE capability to introduce X=0ms for proximity condition.
Proposal 4: NW needs to configure each measurement gap together with the priority indication. UE will perform measurement only on the higher priority gap when overlapping happens.
Proposal 5: RAN4 to apply the overlapping rule to all FO/FPO/PFO/PPO/FNO scenarios.
Proposal 6: RAN4 not to define an overhead cap for concurrent gaps.
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