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Introduction
RAN4 has been discussing the measurement gap enhancement WI for a couple of meetings now. In the RAN4#98bis meeting some further agreements were reached related to definition of concurrent measurements gaps, and in RAN4#99 only our impression is that only one additional agreement was reached. There is still a number of open aspects which are included in the agreed WF [5]. In this paper we try to address the open issues.

Discussion
Agreement reached in RAN4#98bis meeting:
· Agreements:
· Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]
· FFS on the definition of the “common period of time” and whether it shall be introduced
· FFS how to handle fully overlapping multiple MG case
· FFS how to handle activated/deactivated pre-configured MGs (in case they are defined)
· Detailed RRC configuration is up to RAN2
· UE behavior for measurement of multiple MG patterns is FFS
Agreement reached in RAN4#99 meeting:
· Introduce the association between measurement gap and dedicated use case(s).
The WF [5] several topics are listed to be discussed further:
1) Definition
2) Applicability and configurations
3) UE capability related issues
4) Overlapping issues
5) Overhead issues
6) Measurement gap related requirements
7) Measurement requirements
General definition of Common period of time
In last meeting the discussion did not conclude on how to define common period of time. Understanding was that this should be considered accounting both concurrent gaps and pre-configured gaps such that RAN4 would not have to return to this discussion at a later phase. Following two options were listed.
Common period of time:
· Without considering pre-configured gap: The common period of time is the duration in which UE is configured with more than one MGs 
· With considering pre-configured gap: FFS
· E.g., The common period of time is the time during which the UE is operating with more than one active MG 
It is preferred to have a clear understanding of concurrent measurements gaps and what it means in term of having one or more measurement gaps configured and activated. 
When looking at concurrent measurement gaps (configured using RRC signalling) the configuration of the measurement gaps follows the existing RRC measurement gap configuration procedure. Hence, when an (initial) measurement gap is configured by the network the measurement gap is active. This is currently how it works. This means that the UE will apply the measurement gap once configured by RRC, and UE will perform gap assisted measurements.
[bookmark: _Hlk68108872]Once a MGP is configured (when not considering preconfigured MGPs) it is active, and gap assisted measurements are performed according to the GP.
When a concurrent MGP is configured by the network the concurrent measurement gap is active once configured. Otherwise, it would be considered a preconfigured MGP. The UE is then configured with multiple MGPs (concurrently) and any RRC configured MGP is active (when configured) and used for performing gap assisted measurements. While the concurrent MGPs are configured the UE will perform gap assisted measurement using both MGPs during the period of time while they are configured (common time).
For concurrent MGPs: the common period of time is the duration when UE is configured with more than one MGPs.
When UE is configured with multiple concurrent MGPs, they are applied concurrently (simultaneously) when configured and while configured as illustrated in figure 1. UE will perform measurement according to the MGPs.
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Figure 1 Illustration of 'common period of time' for concurrent MGPs when 2 MGPs are configured.
Considering now the pre-configured MGPs, the common period of time would work very similar (if not exactly) except for how they are configured. Additional difference is that the UE is pre-configured with MGPs which are then added and removed using other means than RRC signalling. This is illustrated in Figure 2:
[image: ] 
Figure 2 Illustration of 'common period of time' for pre-configured MGPs
Initially pre-configured MGP#1 is added and is actively used for performing gap assisted measurements. Once the MGP#0 is added, both MGP#0 and MGP#1 are active, and they are active during the common period of time. Hence, the common period of time is the time when the MGPs are actively in use by the UE for performing gap assisted measurements. Hence, the ‘common period of time’ does not depend on whether the MGPs are configured by RRC or pre-configured and the added MGPs. Hence to generalize – using figure 2 and:
· Added: Means of taking into active use an MGP - either by an RRC configuration or activating a pre-configured MGP.
· Remove: Means of removing from active use an MGP - either an RRC configuration or deactivating a pre-configured MGP.
Based on this we propose to use a generic definition of common period of time as:
· The common period of time is the time period during which more than one MGP is in active use by the UE for performing gap assisted measurements.
The performed measurement in MGPs may be of any kind supported by the and may be purpose specific.
The generic definition of ‘common period of time’ is the time during which more than one MGP is in active use by the UE for performing gap assisted measurements. 

Applicability and configurations including solution robustness
Initially, we want to raise the issue of robustness of the solution. Especially, when considering aligned solution between concurrent measurement gaps and pre-configured measurement gaps. RAN4 for simplicity is discussing concurrent measurement gaps and pre-configured measurement gaps in separate threads. We see this beneficial in terms of managing the work load and email discussions. 
However, such split should of course not lead to uncoordinated work and decisions which complicate the overall WI work or lead to additional complexity.
As concurrent measurement gaps use RRC signalling for configuring the initial and any concurrent gap configurations, the signalling is very robust. Both UE and network will always have the same understanding of when any measurement gap configuration is in active use by the UE.
Using RRC signalling ensures that UE and network will have same understanding of when any measurement gap configuration is in active use by the UE.
When discussing pre-configured measurements gaps the situation somehow similar while also different. We assume that the pre-configured MGPs are configured using RRC signalling – this is similar to concurrent MGPs. Pre-configured MGPs differs in the means for activating a pre-configured MGP which is done by other means than RRC signalling. Hence, the robustness of activation of any pre-configured gap will be lower than RRC signalling. This applies no matter if MAC or DCI signalling is selected as method for activating and deactivating a pre-configured measurement gap.
Using MAC or DCI for activating a pre-configured measurement gap is less robust than RRC signalling. 
However, we consider, like for many other NR features, that both DCI and MAC indication could be used for activation and deactivation of pre-configured MGPs.
For both concurrent measurement gaps and pre-configured measurement gaps, the end result is that the UE may have one or more measurements gaps active simultaneously as illustrated next (same as figure 2):
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Figure 3 Common and generic illustration of concurrent MGPs functionality and pre-configured measurement gap functionality.
For both concurrent measurement gaps and pre-configured measurement gaps the UE may have one or more measurements gaps active simultaneously.
As the concurrent measurement gap and pre-configured measurement gap procedures in our view are very similar (except for adding and removing signalling means) it is preferable that to ensure that the UE requirements, during the common period of time, are similar. Hence, as only adding and removing signalling means are different between concurrent and pre-configured measurement gaps, the measurement requirements for both procedures can the same before, during and after adding and removing any measurement gaps.
The UE measurement requirements, during the common period of time, are the same whether the measurement gaps are added or removed using concurrent measurement gap feature or pre-configured measurement gap feature. RAN4 should define one generic set of UE requirements applicable during the common period of time.
In the last meeting RAN4 discussed the measurement gap applicability for concurrent measurement gaps. A number of options were listed.
In general, we see that the network should be able to configure the UE with any of the measurement gaps supported by the UE. This applies for both concurrent MGP feature and pre-configured MGPs.
Any UE supported MGP can be configured as concurrent MGP.
In last meeting it was agreed (our assumption) to:
· Introduce the association between measurement gap and dedicated use case(s). 
· FFS how to handle the case when the association is not provided.
For the FFS part we see it rather straight forward. In case the UE is not provided with an association between measurement gap and dedicated purpose, the UE performs measurements according to the RS falling within the MG. This would be same behaviour as legacy/current.
Candidate RS(s) can be SSB, CSI-RS or PRS or other signals to facilitate support of any of the UE supported UE measurement quantities as defined in (38.215). Additionally, any configured MG can be used for measuring any measurement for which the UE need gap assistance. Hence, both Intra-frequency, Inter-frequency, Inter-RAT and PRS measurements.
Within each configured concurrent MGP, if the MGP is not associated with a specific purpose, the UE measures the RS(s) present within the MG. Configured MG can be used for measuring any RS for which the UE need gap assistance.
Special rule of course applies to PRS measurements and PRS specific MGPs. However, we also notice that the more options, the more complex the feature becomes.
In last meeting it was raised as FFS whether to allow concurrent MGPs to be configured when the UE is configured to perform only non-NR RAT measurements. One may of course question the actual reason for this but there seems not to be any particular reason why this would not be allowed.
RAN4 should not limit the use cases for concurrent MGPs and when they can be configured unless well justified.

UE capability related issues
Related to the UE capabilities numerous open aspects were listed in last meeting. Following we address them one by one.
A UE supporting per-UE gap: 
This topic was closed in last meeting and RAN4 will assume max 2 MGs as a starting point, when defining the requirements.
A UE supporting Per-FR gaps:
First of all, it was agreed that network can always fall back to use per-UE gap (as currently). It was also agreed that RAN4 will assume max 2 MGs in an FR as a starting point, when defining the requirements.
A number of aspect where listed as open:
· When UE supports per-FR gap, 
· [bookmark: _Hlk79091143]whether to allow simultaneous configuring per-UE gap and per-FR gap
· 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
· 
· FFS on the combination of the per-UE gap and/or per-FR gap to be configured simultaneously
· FFS whether a Per-FR gap capable UE can be configured with Per-UE concurrent gaps (e.g. not configured with Per-FR gaps but only per-UE concurrent gaps)
Initially, our view is that the gaps which can be configured concurrently has to follow current gap applicability rules for a UE capable of Per-FR gaps.
Concerning ‘whether to allow simultaneous configuring per-UE gap and per-FR gap’ it would be good to understand why such configuration would not be allowed. In one example it would the UE is capable of Per-FR MG but is configured by network with one common Per-UE MGP. To enable further FR2 measurements the network would configure another concurrent MGP in FR2. This would be the similar to the network configuring the UE with 3 concurrent MPGs (but all per-FR): In FR1 UE is configured with GP1, in FR2 the UE is configured with GP1 and additionally UE is configured with another measurement gap in FR2 – GP2.
A UE supporting Per-FR MG can be configured with concurrent MGPs Per-UE and Per-FR. The network can configure with a Per-FR capable UE with Per-UE MGP and per-FR MGP simultaneously.
[bookmark: _Hlk71220196]Concerning the max number of supported concurrent gaps across all FRs, our view is that for this feature to have relevance in the field, the a Per-FR gap capable UE supporting this feature would need to support at least 3 concurrent configured MGPs (as a Per-FR GP capable UE is already capable of supporting 2 concurrent MGPs – one per FR). 
Concerning whether a Per-FR capable UE should be able to have concurrent MGPs Per-FR, it is from network point of view beneficial to have concurrent MGPs per FR for the added flexibility. Based on this we propose that UEs capable of per-FR MGPs should support at least 2 concurrent configured MGPs per FR.
A Per-FR gap capable UE supporting this feature would need to support at least 3 concurrent configured MGPs across all FRs when configured with both Per-UE and Per-FR MGPs
A Per-FR gap capable UE supporting this feature would need to support at least 2 concurrent MGPs per FR when only Per-FR gaps are configured.

Aspects related to overlapping measurement gaps
In RAN498bis meeting RAN4 managed to get good progress on the different overlapping use cases which may happen when a UE is configured with concurrent measurement gap. 
Still open for discussion from the RAN4#99 meeting are which configurations to support in Rel-17. Currently it has been suggested only to cover the case of fully non-overlapping concurrent MGPs. In general, our view is that if the scope is too limited it may make the feature less useful. 
We suggest covering the most common cases and define requirements at least also for the following use cases:
· Fully non-overlapped (FNO)
· Fully-overlapped (FO) – both options
· Partially-fully overlapped (PFO)
Hence, for the open listed issues in the WF:
· Whether to define requirements for Fully-overlapped (FO)
· Support
· Whether to define requirements for Fully-partial overlapped (FPO)
· Support
· Whether to define requirements for Partially-fully overlapped (PFO)
· Support
· Whether to define requirements for Partially-partial overlapped (PPO)
· Support
For these very basic we support all of them in order to ensure the feature being more flexible configuration and thereby having higher likelihood of being applied in the field. Whether and how to apply any gap sharing rules needs to be discussed once the scenarios are clear.
Define requirements for Fully-overlapped (FO)
Define requirements for Fully-partial overlapped (FPO)
Define requirements for Partially-fully overlapped (PFO)
Define requirements for Partially-partial overlapped (PPO)
Considering the open issue:
· 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)
We do think that URLLC is an important feature and aspect to consider and would need to be accounted. However, this work might be better carried out in the URLLC WI.
URLLC impact from the concurrent MGPs should be carried out in the URLLC WI.
As for the HARQ feedback and e.g. minimum distance between MGs we are currently of the view that there should be no need for RAN4 define any requirements such aspects would be network configuration dependent.
No need for RAN4 define any requirements related to HARQ feedback and e.g. minimum distance between MGs
Based on the WF:
· 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.
RAN4 would need to discuss this considering two scenarios:
1) The MGPs are not for dedicated purpose.
2) One or more of the MGPs are configured for a specific purpose
The case 1) our view is that the existing measurement gap sharing rules would be applicable without changes. For case 2) RAN4 would need to further discuss the parts listed in the WF:
· 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.
As such option 1 and option 2 are pretty much the same as option 2 basically is option 1 with 100% gap ‘sharing’. Hence, option 1 allow most flexibility, but it is unclear whether such additional flexibility is really needed considering network can just deconfigure/deactivate the concurrent MGPs. Hence, in one sense it may be suitable to apply the simplest approach in option 2. However, we’re open to further discuss.
For gap sharing in concurrent MGP option 2 is supported with the understanding that it means 100% for the prioritised MGP.

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 gap related requirements
We do not see any reason to change any measurement gap related requirements unless justified. Hence, RAN4 can re-use with existing no change:
· MG patterns (or sequence), 
· MG applicability,
· MG reference timing (including MGTA), 
· effective MGRP, 
· A per-FR gap capable UE without FR2 serving cells but configured with FR2 MOs
· A per-FR gap capable UE without FR2 MOs but still configured with FR2 gap(s), 
· MG interruption (data scheduling opportunity depends on MG configuration)
· UE UL behaviour after MG
Basically, we see that the concurrent MGP is just another MGP configured which would be actively used by the UE. Hence, all existing legacy requirements related to above issues shall be applied. This WI is about enabling concurrent MGPs.
All existing legacy requirements related to above should not be changed unless broken.

Measurement requirements
Concerning the measurement assumptions related to concurrent measurement gaps same assumptions as in Rel-15/16 are applied. Hence, measurement assumptions applied in Rel-15 per gap applies also in Rel-17 per concurrent measurement gap.
The measurement assumptions in Rel-15 applies directly in Rel-17 if concurrent MGP is in use.
Hence, for the following principles:
· Principle 2: Each reference signal can only be measured in one MG pattern. 
· Principle 3: For a particular gap, only MOs share this gap should be counted in 
· Principle 4: Legacy rules for measurement objective and gap (e.g., in Rel-15) should be reused for concurrent gap
· Principle 5: The UE measurement requirements, during the common period of time, are the same whether the measurement gaps are added or removed using concurrent measurement gap feature or pre-configured measurement gap feature. 
· Principle 6: Adding a concurrent measurement gap does not affect an ongoing cell detection or measurement negatively 
· Principle 7: The measurement delay requirement in case of multiple gaps shall be revisited 
· Principle 8: Existing CSSF rules applies also when UE is configured with concurrent MGPs.
· Principle 9: Ensure the positioning-based measurement is fully supported using multiple concurrent measurement gaps. 
For the principle rules 2, 3 and 4 listed, which already have existing principle rule in RAN4 MG based measurement requirements, the legacy principle rule shall continue to be applied. 

We see that CSSF can be applied also when UE is configured with concurrent measurement gaps. 
Existing CSSF rules applies also when UE is configured with concurrent MGPs.
Concerning RRM impact from reconfiguration of concurrent gaps, it would need to be discussed if adding/removing and MGP would impact ongoing measurements. E.g., impact to ongoing measurement procedures when a 2nd gap is configured.
The questions is basically: if the UE is performing e.g. cell detection when a new concurrent measurement gap is configured, will the ongoing cell detection procedure continue unaffected or will it be affected?
Similar question is valid also for ongoing measurements.
However, we do not see any immediate reason why configuring an additional Same for measurement period.
Adding a concurrent measurement gap does not affect an ongoing cell detection negatively.
Adding an additional concurrent measurement gap does not affect any on measurement negatively.

Conclusion
In this paper we continued the discussion related to measurement gap enhancement and concurrent measurement gaps, based on the agreements in last meeting and the open aspects identified. For the open issues we have a number of proposals:
General definition of Common period of time:
1. Once a MGP is configured (when not considering preconfigured MGPs) it is active, and gap assisted measurements are performed according to the GP.
1. For concurrent MGPs: the common period of time is the duration when UE is configured with more than one MGPs.
1. The generic definition of ‘common period of time’ is the time during which more than one MGP is in active use by the UE for performing gap assisted measurements. 

Applicability and configurations including solution robustness:
Using RRC signalling ensures that UE and network will have same understanding of when any measurement gap configuration is in active use by the UE.
Using MAC or DCI for activating a pre-configured measurement gap is less robust than RRC signalling. 
For both concurrent measurement gaps and pre-configured measurement gaps the UE may have one or more measurements gaps active simultaneously.
The UE measurement requirements, during the common period of time, are the same whether the measurement gaps are added or removed using concurrent measurement gap feature or pre-configured measurement gap feature. RAN4 should define one generic set of UE requirements applicable during the common period of time.
Any UE supported MGP can be configured as concurrent MGP.
Within each configured concurrent MGP, if the MGP is not associated with a specific purpose, the UE measures the RS(s) present within the MG. Configured MG can be used for measuring any RS for which the UE need gap assistance.
RAN4 should not limit the use cases for concurrent MGPs and when they can be configured unless well justified.

UE capability related issues:
A UE supporting Per-FR MG can be configured with concurrent MGPs Per-UE and Per-FR. The network can configure with a Per-FR capable UE with Per-UE MGP and per-FR MGP simultaneously.
A Per-FR gap capable UE supporting this feature would need to support at least 3 concurrent configured MGPs across all FRs when configured with both Per-UE and Per-FR MGPs
A Per-FR gap capable UE supporting this feature would need to support at least 2 concurrent MGPs per FR when only Per-FR gaps are configured.

Aspects related to overlapping measurement gaps
Define requirements for Fully-overlapped (FO)
Define requirements for Fully-partial overlapped (FPO)
Define requirements for Partially-fully overlapped (PFO)
Define requirements for Partially-partial overlapped (PPO)
URLLC impact from the concurrent MGPs should be carried out in the URLLC WI.
No need for RAN4 define any requirements related to HARQ feedback and e.g. minimum distance between MGs
For gap sharing in concurrent MGP option 2 is supported with the understanding that it means 100% for the prioritised MGP.

Measurement gap overhead:
Option 2. There is no need for RAN4 to define a measurement gap overhead.
Any measurement gap overhead limitations need to be justified.

Measurement gap related requirements:
All existing legacy requirements related to above should not be changed unless broken.

Measurement requirements:
The measurement assumptions in Rel-15 applies directly in Rel-17 if concurrent MGP is in use.
Existing CSSF rules applies also when UE is configured with concurrent MGPs.
Adding a concurrent measurement gap does not affect an ongoing cell detection negatively.
Adding an additional concurrent measurement gap does not affect any on measurement negatively.
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