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Introduction
In the last RAN4#98 meeting, RAN4 had initial discussions related to the WI on measurement gap enhancements (Rel-17 work item on NR and MR-DC measurement gap enhancements [1]). Outcome of the meeting were a number of initial agreements and open aspects to be discussed further as summarized in the agreed WF [2].
Following agreements were reached and following items for further study were identified:
Agreements:
· Concurrent MG definition
· Concurrent MGs are multiple MGs that are configured for measurements during a common period of time
· Exact definition of common period of time is FFS
· UE behavior for non-overlapping, partially or fully overlapped cases is irrelevant to the definition and will be discussed separately.
· Note 1: current definition does not address pre-configured MG patterns and NCSG. FFS how to address pre-configured MG patterns and NCSG. 
· Concurrent MG patterns
· MG patterns are selected from Rel-16 gap patterns #0 to #25.

Items for further Study:
1. FFS definition of independent MG
2. FFS whether to merge the definition of independent gap and concurrent gap
3. Applicability. RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).
4. RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
5. RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
6. RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.
7. FFS whether to work on partially and fully-overlapped cases.
8. Overhead for configuring multiple concurrent MG patterns.
9. RAN4 to discuss how to define CSSF for concurrent gaps.
10. FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG.
Some of the listed open items includes more detailed options and in this contribution we provide our views on these aspects.

Discussion
Concurrent MG Definition
One aspect was left FFS related to the definition of concurrent MG:
· Concurrent MGs are multiple MGs that are configured for measurements during a common period of time
· Exact definition of common period of time is FFS
Firstly, our understanding, when only looking at this objective isolated, is that the configuration of the measurement gaps follows the existing RRC measurement gap configuration procedure. Hence, once a measurement gap is configured the measurement gap is active. This means that the UE will apply the measurement gap(s) once configured by RRC, and UE will initiate and perform measurements for which gaps are needed accordingly (gap assisted measurements).
[bookmark: _Hlk68108872]Once an MGP is configured it is active and gap assisted measurements are performed.
Secondly, our view is that when more than one MGP is configured, the UE is configured with multiple MGPs and any configured MGP is active and used for performing gap assisted measurements.
When UE is configured with more than one MGP, the UE is configured with multiple MGPs.
When UE is configured with multiple MGPs, they are applied concurrently while configured as illustrated in figure 1.
[image: ] 
Figure 1 Illustration of concurrent configured MGPs and 'common period of time'
Hence, the time when UE is configured with more than one MGP is defined as the common period of time. During the common period, the UE apply concurrent configured MGPs.  
[bookmark: _Hlk68108882]The time when UE is configured with more than one MGP is defined as the common period of time
Configuration of MGP is done using RRC configuration and existing RRC processing delay can be assumed. This means that once the RRC configuration is received by the UE, the RRC processing delay can be applied, and no later than after the RRC processing delay, shall the UE apply the configured MGP. 
The UE shall apply the configured MGP no later than after the RRC processing delay.

Definition of independent MG
During last meeting the definition of independent MGPs was discussed and following two options were listed as possible candidates while others were not precluded:
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
Independent can be understood in different ways. From network point of view, what is important is that the UE requirements when UE is configured with concurrent measurement gaps are clear.
It is important that the UE requirements are well defined when UE is configured with more than MGP.
It seems clear from the current requirements and the long discussion RAN4 have had related to the gap assisted measurement requirements in Rel-15, that if the UE is configured with measurement gaps that overlap in time in any way, this means that the gap assisted measurement requirements most likely will be impacted.
Following we try to illustrate the issue from system point of view in terms of a UE being configured with two concurrent MGPs and the ‘final’ MGP which needs to be accounted in the network scheduler. We use arbitrary MGPs. It is additionally assumed that the UE perform gap assisted measurements as currently assumed.
Example 1: The two MGPs are non-overlapping with ‘enough’ gap between the MGPs. 
[image: ]
We see such scenario as a case where the UE is configured with two concurrent MGPs which are independent according to option 1 and option 2. Although UE will have double amount of measurement gaps available the performance of carriers measured during each MGP is not impacting each other.
Example 2: The two MGPs are non-overlapping but allocated back-to-back gap with no gap between the MGPs.
[image: ]
We see such scenario as a case where the UE is configured with two concurrent MGPs which are independent according to option 1 and option 2. Although, UE will have double amount of measurement gaps available the carriers measured using MGP#A have different SMTC than carriers measured using MGP#B and therefore adding MGP#B does not impact the measurement performance of ongoing measurements.
Example 3: The two MGPs are overlapping with different MGL with same MGRP (can also be different MGRP)
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We see such scenario as a case where the UE is configured with two concurrent MGPs which are independent according to both option 1 but not option 2 if MGP#B is the MGP initially configured and not all carriers can be measured using MGP#B. Hence, after configuring the concurrent MGP#2 the UE will be able to measure more carriers.
Example 4: The two MGPs are overlapping with different MRGP with same MGL (can also be different)
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We see such scenario as a case where the UE is configured with two concurrent MGPs which are independent according to option 1 but not option 2. Assuming that the MGP#A is the concurrent configured MGP (i.e. MGP#C is originally configured) the UE will have additional measurement gaps available and hence performance may be different.

Based on these examples we do not see examples 3 and 4 as independent MGPs from UE or system point of view as the UE measurement performance will change when the concurrent MGP is configured. The MGPs are independent (from system and UE performance point of view) solely from RRC measurement gap configuration point of view. Hence, the MGPs are configured by RRC at different time using different RRC messages and concurrently configured.
One option how to define ‘independent’ (option 3) is simply to state that ‘independent’ refer to the actual RRC configuration of the MGPs and when configured independently by RRC by different measurement configuration messages.
For concurrent MGPs, each RRC configuration configures independent MGPs.
There is no need to define limitations on the MGPs being configured and link this to whether the MGPs are independent or not as proposed in option 1. This will only complicate the RAN4 work. Using proposal 3, RAN4 would focus on defining the UE requirements when UE is configured with multiple concurrent MGPs.
RAN4 shall define the UE measurement requirements when UE is configured with concurrent MGPs.
It seems clear that in the general approach this means RAN4 should define UE requirements for all scenarios of concurrent MGP configurations, including when the MGPs are overlapping and not including when the concurrent configuration impacts the UE measurement performance.

Merging the definition of independent gap and concurrent gap
In the former sections we have expressed our proposal how to define the concurrent and independent MGP. We do not see a strong reason to merge. It is more important to have common understanding in RAN4 related to the definition of concurrent measurement gap patterns as well as common understanding on the definition of what is understood by independent measurement gap patterns.
There is no strong need to merge the definition of independent gaps and concurrent gaps if the definition of each is clear and captured.

Measurement gaps applicability
One aspect listed in the WF is related to the applicability of the measurement gaps:
· RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).
Our understanding of this objective (and WI in general) is that it does not include defining new MGs or new measurement gap applicability including gaps dedicated to specific purpose(s). WI does include to define the applicability of:
· Pre-configured MG pattern(s) (fast MG configuration)
· Multiple concurrent and independent MG patterns
· Network Controlled Small Gap (NCSG) specification
Our understanding is that the currently defined gap patterns and the current measurement gap applicability is unchanged.
Discussion of new gap patterns and the current measurement gap applicability is not part of this WI.
Additionally, we do not see that the WI include objectives related to defining gaps dedicated to specific purpose(s).
The WI does not include objectives related to defining gaps dedicated to specific purpose(s).

Per-UE gap and Per-FR gap
A number of open options were listed in the agreed WF:
· RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded
· RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
· RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.
Our understanding is that the current applicability of the measurement gaps is not under discussion in this WI. Hence, all currently defined MGPs should be possible to configure concurrently as long as the configuration is according to the current gap applicability and UE capability. 
We support following:
· A UE support Per-UE MG can be configured with concurrent MGPs Per-UE.
· A UE supporting Per-FR MG can be configured with concurrent MGPs Per-UE and Per-FR.
The gaps which can be configured concurrently has to follow current gap applicability rules.
A UE support Per-UE gap can be configured with concurrent MGPs Per-UE.
A UE supporting Per-FR MG can be configured with concurrent MGPs Per-UE and Per-FR.
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. 
UEs supporting this feature would at least need to support 2 concurrent MGPs being configured.
Concerning whether a Per-FR capable UE should be able to have concurrent MGPs Per-FR or Per-UE, 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 MGPs per FR.
A UEs supporting this feature and capable of per-FR MGPs shall support at least 2 concurrent MGPs per FR.

Additional Aspects
The agreed WF additionally list a number of aspects to be discussed and decided as well:
1. Overhead for configuring multiple concurrent MG patterns.
2. FFS whether to work on partially and fully-overlapped cases.
3. RAN4 to discuss how to define CSSF for concurrent gaps.
4. FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG.

Overhead 
In the last meeting it was discussed whether RAN4 would need to address the overhead issue related to having concurrent MGPs configured.
Our view is that the question in RAN4 should be about identifying if there are some UE conditions that would need to be accounted when defining the UE requirements related to concurrent MGPs. 
If any UE limitations or conditions are identified related to the possible network use of and configuration of concurrent MGPs, those would then need to be accounted when defining the UE requirements.
Otherwise, if no UE limitation or conditions are identified as to how the network may configure concurrent MGPs, the network can assume that there would be no configuration constraints. Hence, it is important that RAN4 identifies any UE limitations concerning the applicability of concurrent MGPs.
RAN4 need to identify any UE constraints related to network configuration of concurrent MGPs. and use such when defining the applicability of concurrent MGPs.
Any UE restriction as to how the network would be allowed to configure concurrent MGPs would then need to be accounted by the network. Such limitations could be reflected e.g. in the applicability of the UE requirements for concurrent MGPs.
UE restriction related to configuration of concurrent MGPs should be reflected in the applicability of the UE requirements defined for when UE is configured with concurrent MGPs. 

Concurrent (partially) overlapping MGPs and CSSF
The discussion related to whether to support concurrent MGPs of partially and/or fully overlapping GPs also started in last meeting. 
In our view, we do not see any compelling reason why there would need to be a limitation regarding the configured concurrent MGPs. 
This topic should be discussed together with CSSF when concurrent MGPs are configured. As we see, the current CSSF requirements already cover the case when (partially) overlapping concurrent MGPs are in use, for those cases where measurement gap sharing needs to be accounted.
For example, if a concurrent MGP is configured which is partially overlapping with another MGP, this would result in a final MGP (as illustrated in the figures in section 2.2). If there are multiple carriers to be measured within a gap in the final MGP, the current CSSF would be able to account this as it is basically only a matter of distributing the measurement effort among the carriers present within a gap.
Based on this we propose:
Both partially and fully-overlapped MGPs can be configured as concurrent MGPs.
Define that the CSSF applies when concurrent MGPs are configured.

Requirements for concurrent MGPs
As the concurrent MGP is only about configuring more than one MGPs (using RRC configuration) we do not currently see any changes would be needed related to the existing UE requirements. Hence, issues like MGL, MGRP, UL behaviour after MG etc. could remain unchanged.

Conclusion
In the last RAN4 meeting, RAN4 has the initial discussions related measurement gap enhancement WI and concurrent and independent MGPs. In this paper we have further analysed and discussed the open issues related to this objective of the WI:
1. FFS definition of independent MG
2. FFS whether to merge the definition of independent gap and concurrent gap
3. Applicability. RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).
4. RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
5. RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
6. RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.
7. FFS whether to work on partially and fully-overlapped cases.
8. Overhead for configuring multiple concurrent MG patterns.
9. RAN4 to discuss how to define CSSF for concurrent gaps.
10. FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG.
Based on the discussion we have made a number of observation and conclusion leading to a number of proposals.
Concurrent MG Definition:
1. Once an MGP is configured it is active and gap assisted measurements are performed.
When UE is configured with more than one MGP, the UE is configured with multiple MGPs.

1. The time when UE is configured with more than one MGP is defined as the common period of time
1. The UE shall apply the configured MGP no later than after the RRC processing delay.

Definition of independent MG:
It is important that the UE requirements are well defined when UE is configured with more than MGP.

For concurrent MGPs, each RRC configuration configures independent MGPs.
RAN4 shall define the UE measurement requirements when UE is configured with concurrent MGPs.

Merging the definition of independent gap and concurrent gap:
There is no strong need to merge the definition of independent gaps and concurrent gaps if the definition of each is clear and captured.

Measurement gaps applicability:
Discussion of new gap patterns and the current measurement gap applicability is not part of this WI.
The WI does not include objectives related to defining gaps dedicated to specific purpose(s).

Per-UE gap and Per-FR gap:
A UE support Per-UE gap can be configured with concurrent MGPs Per-UE.
A UE supporting Per-FR MG can be configured with concurrent MGPs Per-UE and Per-FR.
UEs supporting this feature would at least need to support 2 concurrent MGPs being configured.
A UEs supporting this feature and capable of per-FR MGPs should support at least 2 concurrent MGPs per FR.

Overhead:
RAN4 need to identify any UE constraints related to network configuration of concurrent MGPs. and use such when defining the applicability of concurrent MGPs.
UE restriction related to configuration of concurrent MGPs should be reflected in the applicability of the UE requirements defined for when UE is configured with concurrent MGPs. 

Concurrent measurement gaps and CSSF:
Both partially and fully-overlapped MGPs can be configured as concurrent MGPs.
Define that the CSSF applies also when concurrent MGPs are configured.
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