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1. Introduction
[bookmark: OLE_LINK1]In the last meeting, the following agreements on the concurrent and independent MGs were achieved [1]: 
	Applicability and configurations：
UE behavior without association between gap and dedicated use cases
· GTW Agreement:
· [bookmark: OLE_LINK9]When concurrent MGs are configured, the association between concurrent MGs and frequency layers (dedicated use case(s)) to be measured shall be RRC configured
· If it is not feasible from RAN2 perspective to ensure that association between concurrent MGs and frequency layers to be measured is always provided, then additional solution can be discussed on how to handle this use case.
A gap associated to LTE measurements only 
· Agreement:
· It is feasible that one of the concurrent gaps is purely used for measuring LTE and other gaps are used for other MOs, e.g.,
· One gap is associated with only LTE measurement 
· One gap is associated with other NR measurements.
Association between frequency layers and MG
· Agreement:
· [bookmark: OLE_LINK11]Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)
· SSB, CSI-RS and PRS are treated as different frequency layers
· One MG can be associated with multiple frequency layers of the same or different use cases, while one frequency layer can only be associated to a single MG.
Association between PRS measurement and MG
· Agreement:
· [bookmark: OLE_LINK3]PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue
Use case limitation
· Agreement:
· Any limitation to the use cases should be case-by-case discussed and will only be introduced based on RAN4 consensus.
UE capability related issues：
All possible combinations for per-FR gap capable UE
	[bookmark: OLE_LINK18]Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported


Overlapping:
Rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced
· Agreement:
· [bookmark: OLE_LINK20]Define a general rule for UE from the following aspects:
· Gap collision handling on UE’s measurement behavior if it is agreed to define the requirements for any or all of the FO/FPO/PFO/PPO/FNO cases
· Option 1: Define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining
· Option 2: Consider priority when measuring only in one MG in occasions where the two MGs are overlapped. Consider gap sharing if each priority for two MGs is same
· Option 3: Only priority rule, e.g., UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions.
· Option 4: Per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
· Option 5: Define a priority pattern to indicate which gap will be prioritized within the collision gap instance once proximity condition is met, e.g., NW indicates the priority pattern based on the LCM of two gaps’ MGRPs. The data scheduling is expected during the dropped gap instance.
· Other options not precluded
· the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [X]ms between the two gap instances
· FFS whether the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases
· If yes, RAN4 can further skip the discussion on issue 4-2,4-3,4-4,4-5,4-6. 
· Note: Focus on UE’s measurement behaviour. The scheduling opportunity (i.e., gap interruption) will be discussed in a separate issue. 
Measurement gap related requirements:
[bookmark: OLE_LINK26]Gap interruption
· Agreement:
· [bookmark: OLE_LINK27]Legacy MG interruption requirements apply, e.g., a slot is considered to be interrupted by gap if it is interrupted by any one of the gaps
· Note: RAN4 may revisit this issue (e.g., gap cancellation to resume data transmission on cancelled gaps) after RAN4 reaches consensus on Issue 4-1
Measurement requirements:
UE measurement assumptions for different frequency layers
· Agreement:
· Only one frequency layer is required to be measured in a single gap instance
Others:
Concurrent gap for MU-SIM
· [bookmark: OLE_LINK39]Agreement:
· RAN4 to wait for Plenary’s guidance on whether and how to handle the concurrent gap introduced by MU-SIM
Joint consideration with pre-MG and NCSG
· Agreement:
· [bookmark: OLE_LINK37]The issue is postponed to the 2nd phase of this WI.
note, the outcome can have impact on RAN2 signalling design.
Starting time of the 2nd phase, e.g., to jointly consider pre-MG, concurrent MG and/or NCSG
· [bookmark: OLE_LINK38]Background:
· Agreement in WF R4-2104096
· Before RAN4#100b (Q4’21), RAN4 focuses on the functionality and principles needed to support parallel MG patterns without considering pre-configured gap and NCSG.
· Open issue: Decide whether to start the 2nd phase in next meeting.


In this contribution, we provide some discussions on the following remaining open issues.
· Applicability and configurations
· UE behavior without association between gap and dedicated use cases
· Whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are    configured
· UE capability related issues
· Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs
· Overlapping issues
· Rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced
· Overhead
· Whether to define an overhead cap for concurrent gaps
· Measurement requirements
· UE measurement assumptions for different reference signals
· Others
· Concurrent gap for MU-SIM
2. Discussion
[bookmark: OLE_LINK5]2.1 Applicability and configurations
For the issue of UE behavior without association between gap and dedicated use cases, the following Options are proposed during last meeting:
	Option 1: 
· Fallback to legacy behaviour, e.g., concurrent MG is applicable for all MOs and all RS for which the UE need gap assistance
Option 2: 
· All MOs which require measurement gaps share all configured maps equally
Option 3: 
· If some MO can be covered by more than one MGP and the association between MGP and dedicated use case(s) is not provided, define requirements based on the assumption that each layer is measured with the MGP with longest MGRP 
Option 4: 
· The association should be mandatory, when concurrent MGs are configured
Option 5: 
· Leave it low priority in this release
Option 6: 
· Up to UE implementation
Option 7: 
· UE will perform the measurements only in default MGP once the association isn’t provided for concurrent gaps.


If network do not configure the association between the concurrent MG and dedicated use case, one way is that it is up to UE implementation on how to use such MG, the other way is that legacy rules for MO and gap (e.g., in Rel-15/16) can be reused for such concurrent MG, i.e. the MG is applicable for all MOs. Based on such mechanism, for the network configuration, once the network needs to configured a general concurrent MG which can be useful for all MOs, the network will not configure the association between such concurrent MG and dedicated use case. For other cases, network should configured the association between the concurrent MO and dedicated use case.  
Proposal 1: Once the association of one concurrent MG is not provided through configuration signaling by network, which means the concurrent MG is applicable for all MOs, i.e. Option 1 is preferred.
For the issue of whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are    configured, the following options are provided during last meeting:
	· Open issues
· Option 1: No need to further discuss
· Option 2: Not allowed 
· Option 3: Allowed 
· Option 4: Up to UE capability
· FFS whether 2G/3G should be considered in concurrent MG work.
· Note:
· In this scenario, no NR measurement is configured to UE. 
· LTE measurement includes positioning measurement.


For the case that only non-NR RAT MO are configured, in order to focus on more important issues, we believe it is no need to further discuss. So we prefer Option 1.
Proposal 2: For the case that only non-RA RAT MO are configured, no need to further discuss.
2.2 UE capability related issues
For the issue of Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs, the following options were proposed during last meeting:
	· Option 1: No
· Option 2: Yes 
· Option 2a: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement
Note: If Option 2 or 2a is agreed, inform RAN2 about the RAN4 decision.


We prefer Option 2a. Since for PRS measurement, only per-UE gap is supported. So if without need of PRS measurement, for the per-FR gap capable UE, only configuring FR1 gap and FR2 gap is sufficient, not need to both configure per-UE and per-FR gaps simultaneously.
Proposal 3: We prefer Option 2a, Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
2.3 Overlapping issues
For the issue of rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced, based on the agreements achieved during last meeting, all candidates are kept, so down-selection is needed between such candidates.
According to the Note, here we only focus on the UE measurement behavior, not considering the scheduling opportunity. 
Firstly, for the introduction of priority rule, which is a new field and not supported in Rel-16. So we believe the motivation should be some specific use cases existing. For example one of the use case is:
· MG#1 associates with frequency layer 1, MG#2 associates with frequency layer 2, and the frequency layer 2 is more important than the frequency layer 1. 
· Further more, the NW should avoid MG#1 always de-prioritized by MG#2, otherwise it is no need to configured MG#1 and MG#2 both.
Only the two items are both satisfied, introducing priority is feasible.
For sharing rule, since which has been supported in Rel-15/16, so no additional standardization workload increased, and the sharing rule can overcome the overlapping issue well, so the sharing rule should be certainly a baseline of study. 
For the option of define a time domain minimal distance between two gap instances, any two MG opportunities which belong to two different MGs, the time domain distance between them can be random, even the distance is 0, i.e. the two MG opportunities are continuous to each other in time domain. Given different MGs may be associated with different use cases. If a minimum time domain distance is used as the condition to determine whether two MO opportunity collision, the minimum distance should be defined as the distance between the ending symbol of the former MG opportunity and the starting symbol of the later MG opportunity. For two MO opportunities less than this minimum distance, the collision solution should be applied.
Proposal 4: The motivation of introducing priority rule is that specific use case exists. 
Proposal 5: Sharing rule should be supported as baseline.
2.4 Overhead
For the issue of whether to define an overhead cap for concurrent gaps, the following options were discussed during last meeting:
	· Option 1: Yes
· Option 2: No
· Option 3: Postponed to 2nd phase


From our perspective, the overhead can fully controlled by NW. Further more, with the help of collision handling, which can alleviate the throughput deterioration caused by too heavy overhead of gaps. Therefore, throughput loss caused by concurrent gaps is more controllable, so we think define an overhead cap is unnecessary. It is funny that the NW configures its own concurrent MGs and then configures an overhead cap to restrict the concurrent MGs. Why not take overhead cap into account when configuring concurrent MG? So, we do not think it is necessary to define such overhead cap and send it to NW implementation.
Proposal 6: It is no need to define an overhead cap for concurrent gaps. NW can fully control the concurrent gaps overhead when configuring.
2.6 Measurement requirements
For the issue of UE measurement assumptions for different reference signals, the following options were discussed during last meeting:
	· Option 1:  Each reference signal can only be measured in one MG pattern
· Option 2:  Only one type of RSs can be performed in a single gap instance
Recommended WF: Option 2 seems the current RAN4 assumption for SSB, CSI-RS and PRS. Let’s discuss whether to extend Option 2 to Option 1.


We are little ambiguous for Option 1. Since it was agreed in Applicability and configurations issues that each frequency layer can be associated with only one MG, can we believe Option 1 here has been agreed? We suppose that “each reference signal” here means one RS configuration, not one type of RS configuration, if it is really, we believe the answer is yes.
For Option 2, in fact the issue of UE measurement assumptions for different frequency layers is more restrictive limitation than Option 2, since the issue of UE measurement assumptions for different frequency layers has been decided with the agreement “Only one frequency layer is required to be measured in a single gap instance” , which means Option 2 here is definitely supported, so we believe it is no need to further discuss here.
Proposal 7: The achieved agreements for Issue 2-4 and Issue 7-1 can support Option 1 and Option 2 here. No need to further discuss.
2.7 Others
For the issue of Concurrent gap for MU-SIM, it was agreed that: RAN4 to wait for Plenary’s guidance on whether and how to handle the concurrent gap introduced by MU-SIM. We can notice that except for the approved revised WID in [2] during RAN#92, without any other revised WID approved during RAN#93. The scope of Concurrent MG in [2] is show as follows:
	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


Based on the description of WID scope, we can not catch the content corresponding with MU-SIM. So, we are not sure whether the concurrent gap introduced by MU-SIM is out of the WID scope. If yes, we do not need to consider such issue.
Proposal 8: Based on the latest revised WID, concurrent gap introduced by MU-SIM may be out of the WID scope.
3. Conclusion
In this contribution, we have the following observations and proposals for multiple concurrent and independent MGs:
Proposal 1: Once the association of one concurrent MG is not provided through configuration signaling by network, which means the concurrent MG is applicable for all MOs, i.e. Option 1 is preferred.
Proposal 2: For the case that only non-RA RAT MO are configured, no need to further discuss.
Proposal 3: We prefer Option 2a, Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
Proposal 4: The motivation of introducing priority rule is that specific use case exists. 
Proposal 5: Sharing rule should be supported as baseline.
Proposal 6: It is no need to define an overhead cap for concurrent gaps. NW can fully control the concurrent gaps overhead when configuring.
Proposal 7: The achieved agreements for Issue 2-4 and Issue 7-1 can support Option 1 and Option 2 here. No need to further discuss.
Proposal 8: Based on the latest revised WID, concurrent gap introduced by MU-SIM may be out of the WID scope.
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