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Introduction
RAN4 has discussed the measurement gap enhancement WI now for a couple of meetings. In the last meeting RAN4#98bis, some further agreements were reached related to definition of concurrent measurements gaps, while it is still open if or how to cover ‘common period of time’. Additionally, a list of other open aspects is included in the agreed WF [3]. In this paper we 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
The WF [3] several topics are listed to be discussed further:
1) General definition of Common period of time
2) Applicability and configurations including solution robustness
3) UE capability related issues
4) Aspects related to overlapping measurement gaps
5) Measurement gap overhead
6) Measurement gap related requirements
7) Measurement requirements at concurrent MGP change

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 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 it is active and gap assisted measurements are performed.
When a concurrent MGP is configured by the network the concurrent measurement gap is active. The UE is then configured with multiple MGPs (concurrently) and any RRC configured MGP is active 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 common time when they are configured.
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 when configured and while configured as illustrated in figure 1.
 [image: ] 
Figure 1 Illustration of 'common period of time' for concurrent MGPs.
Considering now the pre-configured MGPs, the common period of time would work very similar (if not exactly) same way. Difference would be that 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 an RRC configured MGPs or a pre-configured MGP.
· Remove: Means of removing from active use an MGP - either an RRC configured MGPs or 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 during which more than one MGP is in active use by the UE for performing gap assisted measurements.
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 is different as the possible means for activating any pre-configured measurement gap 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. 
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):
[image: ] 
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.
If the signalling used for adding and/or removing of measurement gaps is not robust, there can be situations where it is unclear to network and UE when a given measurement gap is in use. Such uncertainty will impact the usefulness of this feature in field deployments due to the potential negative impact.
For measurement gap configuration RAN4 should always strive at using the most robust signalling method. Concurrent Measurement gap configurations should be configured using RRC signalling. 
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 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.
Any UE supported MGP can be configured as concurrent MGP.
For each configured MGP, the UE performs measurements according to the RS falling within the MG. This would be same behaviour as 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, the UE measures the RS(s) present within the MG. Configured MG can be used for measuring any measurement for which the UE need gap assistance.
Special rule of course applies to PRS measurements and PRS specific MGPs.
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.

RAN4#98bis listed several proposals related to specific gap usage:
· FFS whether RAN4 should associate gap(s) to dedicated use case(s). 
· If Yes, Option 1: associate gap(s) to dedicated use case(s)
· FFS on whether to associate all gaps or only the new gap 
· FFS on which use cases should be associated. 
· Option 2: NW configures which MG is to be used for each MO
· Option 3: NW configures which MO is to be measured in new/each MG
In general, we do not see any clear justification for associating any gaps to dedicated use cases – except what is already possible for PRS gaps. The reason being, that concurrent gaps are configured using RRC signalling. Hence, if the network would want to focus certain measurements this can be done by changing the basic measurement configuration. E.g. network can add and/or remove carriers as needed depending on whether carriers need to be measured or not; allow more measurement time for configured carriers (by removing some carriers) etc. Additionally, the network can change SMTC configuration for certain carriers, thereby flexibly adjust when certain carriers are measured in which gaps and how often.
We see all the above options as being possible by the existing signalling when configuring the concurrent measurement gap and hence no need for such support is needed in Rel-17 timeframe.
No need for RAN4 to discuss associating gap(s) to dedicated use case(s).

Concerning the open issue addressing:
· Existing configuration mechanism under DC mode can be reused:
· In EN-DC, 
· per-UE gap and FR1 gap are configured by MN, 
· FR2 gap is configured by SN. 
· In NE-DC and NR-DC, 
· per-UE gap, FR1 gap and FR2 gap are configured by MN.
Our understanding that current configuration mechanism is not under discussion and is anyway something which is  within RAN4 area to decide. Hence, we agree not to change the current configuration approach.
Existing configuration mechanism under DC mode shall be reused.

UE capability related issues
Related to the UE capabilities numerous open aspects were listed in last meeting. Following we address them one by one.
When UE supporting per-UE gap: 
· All concurrent gaps are per-UE
· The max number of supported concurrent gap is
· Option A: 2
· Option B: 3
· Option C: Up to UE capability
It seems obvious, that if the UE does not support Per-FR measurement gaps the UE only support per-UE measurement gaps. Hence, all concurrent measurement gaps have to be configured Per-UE.
We suggest that for this feature to have relevance in the field, the UEs supporting this feature would at least need to support 2 concurrent MGPs being configured. 
However, we also do see that having 3 concurrent MGPs could in some special cases be beneficial. E.g. in case the UE would have different MGPs for intra-frequency measurements, inter-frequency measurements and PRS measurements.
A Per-UE gap capable UE supporting this feature would need to support at least 2 concurrent configured MGPs and should support 3 concurrently configured MGPs.

A UE supporting Per-FR gaps:
· When UE supports per-FR gap, 
· FFS whether to allow per-UE gap and per-FR gap to be configured simultaneously
· FFS the max number of supported concurrent gap
· 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 per-UE gap and per-FR gap to be configured simultaneously’ 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/or Per-FR. The network can configure a Per-FR capable UE with concurrent Per-UE MGPs and per-FR MGPs simultaneously.
[bookmark: _Hlk71220196]We suggest that for this feature to have relevance in the field, the a Per-FR gap capable UE supporting this feature would at least 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 and shall support at least 2 concurrent MGPs per FR.

Aspects related to overlapping measurement gaps
In last RAN4 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 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 our view this scope is too limited to really make the feature 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)
We do not see covering these use cases would increase the workload significantly. Reason being that RAN4 has already defined the measurement gap sharing rules covering intra-frequency gaps and inter-frequency within and outside gaps and the CSSF for measurements performed within gaps.
RAN4 to define requirements for concurrent overlapping MGPs including at least fully non-overlapping MGPs, fully overlapping MGPs (both options) and partially overlapping MGPs.

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.
There is no need for RAN4 to define a measurement gap overhead.
If there are justified reasons for defining rules related to any measurement gap overhead or any other limitations related to configuration of concurrent MGPs, this would then of course need to be accounted. 

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, 
· 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.
Current measurement gap related requirements should not be changed.

Measurement requirements at concurrent MGP change
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 applied in Rel-15 per gap applies also in Rel-17 Per concurrent measurement gap.
In a similar manner we see that CSSF can be applied also when 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 it is active and gap assisted measurements are performed.
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.

For measurement gap configuration RAN4 should always strive at using the most robust signalling method. Concurrent Measurement gap configurations should be configured using RRC signalling. 
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, the UE measures the RS(s) present within the MG. Configured MG can be used for measuring any measurement 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.
No need for RAN4 to discuss associating gap(s) to dedicated use case(s).
Existing configuration mechanism under DC mode shall be reused.

UE capability related issues:
A Per-UE gap capable UE supporting this feature would need to support at least 2 concurrent configured MGPs and should support 3 concurrently configured MGPs.
A UE supporting Per-FR MG can be configured with concurrent MGPs Per-UE and/or Per-FR. The network can configure a Per-FR capable UE with concurrent Per-UE MGPs and per-FR MGPs simultaneously.
A Per-FR gap capable UE supporting this feature would need to support at least 3 concurrent configured MGPs and shall support at least 2 concurrent MGPs per FR.

Aspects related to overlapping measurement gaps
RAN4 to define requirements for concurrent overlapping MGPs including at least fully non-overlapping MGPs, fully overlapping MGPs (both options) and partially overlapping MGPs.

Measurement gap overhead:
There is no need for RAN4 to define a measurement gap overhead.

Measurement gap related requirements:
Current measurement gap related requirements should not be changed.

Measurement requirements at concurrent MGP change:
The measurement assumptions applied in Rel-15 per gap applies also in Rel-17 Per concurrent measurement gap.
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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