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Introduction
In this paper we continue the discussion related to the measurement gap enhancement and concurrent measurement gaps. In last meeting RAN4 made an important agreement related to this topic:
· When concurrent MGs are configured, the association between concurrent MGs and frequency layers (dedicated use case(s)) to be measured shall be RRC configured
With this agreement in mind, we continue the discussion.

Discussion
The discussion in this paper is based on the agreement from RAN4#100 that network has configured an association between the concurrent measurement gap pattern and a frequency layer.

Applicability and configurations
From last meeting following principal agreement were made:
· 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.
· 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.
One aspect under discussion was left open for further study:
Issue 2-2: Whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured
· 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.
Taking the agreements into account the question from our side is mostly whether this needs more discussion? We would prefer to have a simple approach to the concurrent MG feature without complicated limitations in the use and configuration. 
Hence, we would prefer to discuss why there would be specific limitations on which RAT would be allowed to be configured as the frequency layer in a concurrent MGP? 
We suggest not to have limitation, but we are open to hear if there would be any technical reasons or aspects that would prevents such generic approach. Without justified reasons we propose to also to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured.
Allow concurrent gap also when only non-NR RAT measurement objectives are configured.
Hence, RAN4 should take the generic approach and not make limitations on which frequency, including frequency layer of other RAT, can be configured using concurrent gaps. 
Regarding the issue on the association between PRS measurements and concurrent measurement gaps (C-MG):
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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
We do not see a difference whether the word ‘exclusively’ is included or not. Most important is to agree that at least for Rel-17 the PRS measurements for positioning can only be associated with one C-MG – which is also aligned with the agreement above ‘one frequency layer can only be associated to a single MG’.
No need to keep ‘exclusively’ in ‘PRS measurement for positioning is [exclusively] associated with only one of the instances of multiple gaps at least for R17’

UE capability related issues
Concerning the UE capability related issues RAN4 also managed to progress in the last meeting with some common understanding on the base for continued discussion:
1. For a UE not supporting per-FR gaps: Assume max 2 MGs as a starting point, when defining the requirements. 
2. For a UE supporting per-FR gaps: Assume max 2 MGs in an FR as a starting point.
While agreement 1 is clear the agreement 2 still needs some discussion as it only state ‘max 2 MGs in an FR’ while it does not fully address the total number of MGs for a UE supporting per-FR C-MGs. In the associated table there are some additional FFSs regarding combinations that would need to be addressed:
	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



Hence, the statement ‘in an FR’ in our understanding only means that in a given FR (for a per-FR capable UE) the UE support 2 MGs being configured. Whether this applies Per-FR (Index 6) is FFS according to the table and agreement. Our preference here is to support 2 MGs per FR when UE support per-FR and concurrent MGs and in total of 4 MGPs.
Support Index 6, 2 MGs per FR when UE support per-FR and concurrent MGs and in total of 4 MGPs.
Still for FFS are the combinations Index 3 – 5. These combinations all relate to whether the UE can support a combination of Per-UE and Per-FR GPs when supporting C-MGs. Logically, if we look as one example Index 3 combination with 1 Per-UE MG and 1 MG in FR1 and no MG in FR2 – it would basically map to the same combination as Index 1. In both cases the UE have 2 MGs in FR1 and 1 MG in FR2. Hence, based on this we propose that combinations with Index 3 – 5 are supported.
Support simultaneous configuring of per-UE gap and per-FR gap (for per-FR gap capable UE).
Simultaneous MG combinations Index 3 – 5 are supported.
Based on the table above and supported MGs we would like to clarify that we also expect that the following two combinations should be supported – as a natural extension of supporting Index 0 and Index 1:
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	11
	2
	0
	0
	Supported

	12
	0
	2
	0
	Supported



Support the 2 additional combinations (Index 11 and Index 12).
Finally, we would also like to clarify that our understanding that there are no limitations on the MGs that can be configured as long as they are supported by the UE. Hence, e.g. for Index 1 the UE can be configured with up to 3 different MGPs. This means in general that if the UE support up to a total number of x concurrent MGPs, the UE support a total number of x different concurrent MGPs.
There are no limitations on which MGPs that can be configured as concurrent MGPs, provided that the MGPs are MGPs supported by the UE.

Overlapping MGPs discussion
The aspect of measurement gaps, concurrent measurement gaps and how they may overlap in time domain once configured, has been discussed now for a number of meeting with minimal progress. Only agreement reached so far is that requirements will be defined at least for FNO, while other scenarios are FFS.
Only considering FNO scenario is of course rather simple when it comes to the discussion of how to perform and share potential measurement occasions. However, it severely limits the use and thereby many of the potential use cases. We suggest supporting the most common scenarios, based on inherited SSB synchronisation in NR, and define requirements for the following use cases:
· Fully non-overlapped (FNO) (already agreed)
· Fully-overlapped (FO) – both options
· Partially-fully overlapped (PFO)
Define requirements for fully overlapped (FO)
Define requirements for fully partial overlapped (FPO)
Last meeting listed following for discussion related to MGPs and overlap:
· Agreement:
· 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
We will only discuss rules assuming FNO, FO and PFO. Concerning FNO we consider this as the simplest scenario as there is no overlap among the measurement occasions. In this scenario there is no need to discuss any sharing rules among the MGPs.  
No need to define gap collision handling rules for FNO scenario.
For the FO and PFO scenarios there is a need to address the UE behavior when there is a collision between the configured concurrent MGPs. Based on the agreements reached in last meeting (and listed above) we will prefer a clear and simple approach for the scenario where there is gap collision when UE is configured with concurrent MGPs
In our view a collision between two MGPs will happen in the case where the UE is configured with one MGP and then followed by configuration of a 2nd concurrent MGP. This 2nd concurrent MGP is as agreed a MGP with a frequency layer associated with the purpose of specifically measure the given RS on the given frequency layer using the associated MGP. Hence, the purpose with the concurrent MGP is to enable targeted measurements using the MGP. Based on this we see that measurement performed based on a concurrent MG configuration shall have priority.
Measurements performed based on a concurrent MG configuration shall have highest priority.
We suggest that measurement performed based on a concurrent MG configuration use all available MG of the concurrent MGP to perform the measurements according to the concurrent MG configuration.
measurement performed based on a concurrent MG configuration use all available MG of the concurrent MGP to perform the measurements according to the concurrent MG configuration.

Measurement gap overhead
We see the issue of measurement gap overhead fully as a network issue to decide. Hence, there is no reason for defining this.
Option 2. There is no need for RAN4 to define a measurement gap overhead.
If there are justified technical reasons for defining rules related to any measurement gap overhead or any other UE limitations related to configuration of concurrent MGPs, this would then of course need to be accounted. 
Any measurement gap overhead limitations need to be justified.

Measurement requirements
Last meeting RAN4 agreed to follow the common understanding that UE is assumed to measure one layer per gap. However, a number of open issues still remain for settlement:
Issue 7-2: UE measurement assumptions for different reference signals
· Open issue:
· FFS whether to additionally consider the limitation that each reference signal can only be measured in one MG pattern
This issue is now closed based on the agreement in last meeting:
· 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
This applies only for concurrent MGs.

Issue 7-3: CSSF calculation
· Open issue:
· FFS whether CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.
This discussion depends on the agreements to be made related to the discussion on overlapping MPGs. Based on our proposal in section 2.3 (proposals 11 and 12) the concurrent MGP will take precedence and a concurrent MG configuration will use all available MG of the concurrent MGP to perform the measurements according to the concurrent MG configuration.
This discussion depends on the agreements to be made related to the discussion on overlapping MPGs.

Issue 7-4: Measurement delay
· Note: Issue is postponed and can comeback once more agreements have been reached.
We see that this issue cannot progress yet as it will depend on the pending agreements. However, as discussed also above, our view is that the purpose of configuring concurrent MGPs and configuring a concurrent MGP is to have the UE to perform specific measurements for a specific purpose. Hence, we see that any measurement delay should be short, and this will be ensured when using a priority rule where the UE configured with a concurrent MG configuration will use all available MG of the concurrent MGP to perform the measurements according to the concurrent MG configuration.

Others
It was discussed whether there would be a need to introduce a transition period for gaps configuration/ reconfiguration, and multiple option were listed in the WF. However, we do not see the configuration of a concurrent MG different than configuring a MG currently. Based on this we do not see a need introduce a transition period for gap configuration and deconfiguration.
There is no need to introduce a transition period for gap configuration and deconfiguration

According to work plan, discussion on Pre-MG usage in the context of multiple concurrent MG patterns is allowed to start after RAN4 #100-e. Although the Pre-MG design for the case of single MGP is not yet finalized, the framework of concurrent MGP’s is considered as key issue to introduce Pre-MG in NR deployments. 
In the framework of concurrent MG patterns, RAN4 has already decided to allow the support of up to two different concurrent MGP’s per FR as discussed above. For each MGP, measurement objects are configured that are associated with one or more frequency layers. Thus, a certain frequency layer (including PFL) can only be measured with one specific concurrent MGP.
While the relationship of concurrent MGPs to legacy MGP is still to be defined, in our view, the usage of a legacy MGP needs to be modified if applied in the context of multiple concurrent MGPs. 
One way to see the combination of concurrent MGP and pre-configured MGP is that it only differs in how the MGP is activated. Both Concurrent MGP and pre-configured MGP are configured using RRC signalling. Difference lay in that a pre-configured MGP may not necessarily be activated upon configuration but would be activated later by MAC. Once the pre-configured MGP is activated – if configured as a concurrent MGP – it will follow the rules and agreement for a concurrent MGP.
Initiate the discussion of how concurrent MGP and pre-configured MGP shall operate combined.

Conclusion
In this paper we continue the discussion related to concurrent measurement gaps. The discussion is based on the agreement from RAN4#100 that network has configured an association between the concurrent measurement gap pattern and a frequency layer.
1. Allow concurrent gap also when only non-NR RAT measurement objectives are configured.
1. No need to keep ‘exclusively’ in ‘PRS measurement for positioning is [exclusively] associated with only one of the instances of multiple gaps at least for R17’
1. Support Index 6, 2 MGs per FR when UE support per-FR and concurrent MGs and in total of 4 MGPs.
1. Support simultaneous configuring of per-UE gap and per-FR gap (for per-FR gap capable UE).
1. Simultaneous MG combinations Index 3 – 5 are supported.
1. Support the 2 additional combinations (Index 11 and Index 12).
1. There are no limitations on which MGPs that can be configured as concurrent MGPs, provided that the MGPs are MGPs supported by the UE.
1. Define requirements for fully overlapped (FO)
1. Define requirements for fully partial overlapped (FPO)
1. No need to define gap collision handling rules for FNO scenario.
1. Measurements performed based on a concurrent MG configuration shall have highest priority.
1. measurement performed based on a concurrent MG configuration use all available MG of the concurrent MGP to perform the measurements according to the concurrent MG configuration.
1. Option 2. There is no need for RAN4 to define a measurement gap overhead.
1. Any measurement gap overhead limitations need to be justified.
1. There is no need to introduce a transition period for gap configuration and deconfiguration
1. Initiate the discussion of how concurrent MGP and pre-configured MGP shall operate combined.
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