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Introduction
In last meeting RAN4#101-bis, the discussion concerning concurrent measurement gaps continued with good progress. RAN4 reached a number of agreements while some aspects were left open to be discussed further in this meeting.
In this paper we address these open issues.

Discussion
According to the WF agreed in RAN4#101-bis meeting [1], at least following open issues needs to be discussed and resolved:
Applicability and configurations:
Issue 2-1-1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
Issue 2-1-2: Additional limitation when UE is configured with both E-UTRA and NR Mos
Issue 2-1-3: Supporting concurrent gap in MR-DC scenario
UE capability related issues:
Issue 2-2-2: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering other Wis) – if MR-DC is supported
Overlapping:
Issue 2-3-1: X value in proximity condition for overlapping in FR1.
Issue 2-3-2: X value in proximity condition for overlapping in FR2
Issue 2-3-5: Whether to introduce a UE capability to indicate whether UE supports only 0% and 100% gap sharing ratios or UE supports arbitrary configured sharing ratios. (If Option 5 in Issue 2-3-3 is agreed)
	Issue 2-3-6: Detail gap sharing ratios (If Option 5 in Issue 2-3-5 is agreed)
Issue 2-3-7: Whether to introduce FO, FPO, PFO, PPO scenarios.
[bookmark: _Hlk95658844]Overhead:
Issue 2-4-1: Whether to define the overhead cap
Measurement requirements:
how the dropped gap occasions will not be used in deriving CSSFwithin_gap,i
CSI-RS based L3 measurements
Additional comments specifically related to the Draft BigCR detailed text is provided in [2]

Applicability and configurations
Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
The topic has been discussed for several meetings and currently RAN4 has following list of options: 
· Option 1: Yes
· Option 1a: Yes, provided that UE supports LTE measurement with concurrent MGs, which is up to UE capability
· Option 1b: Yes, under the condition that only one per-UE MG is configured for UE
· Option 2: No
Our preference is option 1 without conditions. We would prefer to have a simple approach to the concurrent MG feature without complicated limitations in the use and configuration. 
We prefer to discuss the technical reason why it would not be technically feasible to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured? 
We are open to hear if there would be such technical reasons or aspects and account these reasons when deciding. However, without justified reasons we propose to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured.
Regarding the listed sub-options under option 1 (i.e. options 1a and 1b) we prefer not to introduce additional optional features especially as this is already an optional feature. Concerning option 1b it is not clear if this means? Hence, does option 1b mean if the UE is ONLY configured with one Per-UE MGP? And is this one MGP a classic MGP (hence, a legacy MGP) or is it referring to one concurrent MGP?
[bookmark: _Hlk95762130]Concurrent MGP can also be configured when the UE is configured only with E-UTRAN measurement objectives.

Additional limitation when UE is configured with both E-UTRA and NR MOs
Open issue here is:
When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, but all E-UTRA Mos are expected to be associated with one single MG
Similar to the discussion in the former section it is not clear what technical reason for such limitation would be? If there are technical reason why the UE can only handle E-UTRAN measurement in one gap type although the actual measurement is exactly the same, we would be open to discuss further.
However, our understanding is that a measurement gap is a measurement gap it should make no difference whether the measurement gap is configured as a classical measurement gap or a concurrent measurement gap.
When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, and E-UTRA MOs can be associated with any MG.

Supporting concurrent gap in MR-DC scenario
We are open to discuss further and can also agree to limit the Rel-17 gap enhancement work to NR SA alone (including NR-CA and NR-DC) to finalise the work within time.
Limit the Rel-17 gap enhancement work to NR SA alone (including NR-CA and NR-DC)
UE capability related issues
Max number of concurrent gaps across all FRs for per-FR gap capable UEs (without considering other Wis)
The FFS left open in last meeting was related to the scenario where MR-DC would be supported. However, we can agree to limit the Rel-17 scope to NR SA which would also close this open issue.
Hence, this discussion is pending the agreement in 2.1.3.

Overlapping
X value in proximity condition for overlapping in FR1
In last meeting RAN4 decided that X=4 in FR1. It was left for FFS whether to introduce a UE capability for X=0. Although we see X=0 as being very beneficial for the feature in general, it may just increase the network complexity if it would have to support additional support from some UEs supporting X=0. 
Assuming X=4 would be mandatory for all UEs the network then need to additionally support X=0 for some UEs and this will cause additional network scheduler complexity. And in worst case one could imagine that both X=4 and X=0 becomes optional.
Only X = 4 in proximity condition for overlapping in FR1

X value in proximity condition for overlapping in FR2
In last meeting RAN4 decided that at least X=4 should be considered in FR2. However, it was left for FFS and other values were also proposed. 
Additionally, it was left FFS whether to introduce a UE capability for X=0. Like FR1 discussion, we see X=0 as being very beneficial for the feature in general but having X=0 as capability may just increase the network complexity if it would have to support additional support from some UEs supporting X=0. 
Assuming X=4 would be mandatory for all UEs, the network then need to additionally support X=0 for some UEs and this will cause additional network scheduler complexity. And in worst case one could imagine that both X=4 and X=0 becomes optional.
We still regard X=4 as being rather relaxed and still propose a smaller value for FR2. For FR2 we still suggest X=1.
Only X = 1 in proximity condition for overlapping in FR2

Whether to introduce a UE capability to indicate whether UE supports only 0% and 100% gap sharing ratios or UE supports arbitrary configured sharing ratios.
As mentioned in several discussions in this paper we do not see a great benefit in adding additional capabilities for different options. It only increases network complexity and adds to RAN4 complexity with no real benefit in the end product and field deployments. Worst case is a very fractured features where the network has no common minimum UE population supporting just a minimum core set of the options – making it impossible to justify implementation of a feature due to low gain on network side compared to the end-gain.
Hence, RAN4 shall not introduce a UE capability to indicate whether UE supports only 0% and 100% gap sharing ratios or UE supports arbitrary configured sharing ratios.
In Rel-17 only sharing factor 0% or 100% are introduced. We have suggested for some time and we are likely and currently we see no real gain introducing additional sharing %-ages. 
RAN4 only 0% and 100% gap sharing ratios
RAN4 does not introduce other arbitrary sharing ratios
RAN4 should also keep the timeline in mind.

Whether to introduce FO, FPO, PFO, PPO scenarios
In general, the simplest approach for Rle-17 is to define concurrent measurement gaps only for the case when the C-MG are fully non-overlapping with any other gap pattern (legacy and/or other concurrent gap pattern).
However, if RAN4 reach agreement related to the sharing in section 2.3.3 it may not add much complexity to also support FO, FPO, PFO and PPO. With the agreement regarding gap collision and X it is clear that FO and FPO scenarios will be the same. The same will be the case for PFO and PPO. 
But, in the end the complexity depends on the agreements related to overall sharing and depend on those agreements. Hence, we prefer to keep our position from last meeting.
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 (FO and PFO)
· Partially-fully overlapped (PFO)
Define requirements for fully overlapped (FO)
Define requirements for fully partial overlapped (FPO)
Only considering FNO scenario is of course rather simple but it severely limits the use and thereby many of the potential use cases.
If RAN4 does reach agreement in this meeting, we believe RAN4 should concentrate finalizing the work using the current agreement and only define concurrent gaps for the FNO scenario.

Overhead
Whether to define the overhead cap
Defining a cap on the measurement gap overhead has been discussed in several meetings without conclusion. Latest status from RAN4#101-bis:
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability
We still see the issue of measurement gap overhead fully as a network issue to decide. Hence, there is no reason for defining this. 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.
Currently, RAN4 has already made decision related to the maximum number of concurrent MGs the UE can be configured with. Hence, there is a limitation on the number of concurrent gaps and the number of classical gaps and concurrent gaps the UE can be configured with simultaneously.
Additionally, RAN4 has introduced the proximity between gaps. For FR1 X=4 which also leads to limitation in the overlapping of gaps.
Besides this it is understood (and further agreed) that the Ue is still only required to measure 1 layer per gap.
In the end we see that all these limitation and configuration restrictions already ensures good limitation in any possible measurement gap overhead on UE side. It is not clear to us what more is needed.
Option 2. There is no need for RAN4 to define a measurement gap overhead.

Measurement requirements

how the dropped gap occasions will not be used in deriving CSSFwithin_gap,i
RAN4 agreed ‘The CSSF is calculated separately for each gap pattern’. This means that based on the former agreements related to overlap of gaps and layers measured within each gap (concurrent and/or classic gaps) UE is either measuring either according to concurrent gap rules in a measurement gaps or according to classic gap rules. 
For classic measurement gaps it is clear that within any classic gap all configured measurement objects with an SMTC overlapping with a classic gap shall be measured.
Any measurement objects with an SMTC overlapping with a classic gap shall be measured within the gap.
For concurrent measurement gaps only measurement object with an association and with an SMTC overlapping with the concurrent gap shall be measured.
Only measurement object with an association and with an SMTC overlapping with the concurrent gap shall be measured within the concurrent gap.
If a classic measurement gap and a concurrent measurement gap overlap according to the agreed overlapping rules (2.3.1 and 2.3.2), the gap sharing rules (2.3.3) will apply. If the gap sharing rule is 0% all overlapping gaps are used for concurrent gap measurements. If the gap sharing rule is 100% all overlapping gaps are used for classic gap measurements.
If a classic measurement gap and a concurrent measurement gap overlap according to the agreed overlapping rules (2.3.1 and 2.3.2), the gap sharing rules (2.3.3) will apply.
Based on this it should be straight forward to calculate the dropped gap ratio and account this in the overall CSSFwithin_gap,j scaling. This should especially be the case if the sharing ratio of 0% or 100% is used. In this case it should be ratio between the overlap.

CSI-RS based L3 measurements
We prefer to focus the work on other measurements than CSI-RS based L3 measurement in Rel-17. Hence, we can agree to postpone the CSI-RS L3 measurements and concurrent gaps inter-working to a later release due to the time limitations of the WI.
RAN4 to postpone the CSI-RS L3 measurements and concurrent gaps inter-working to a later release

Conclusion
In last meeting RAN4#101-bis, the discussion concerning concurrent measurement gaps continued with good progress. RAN4 reached a number of agreements while some aspects were left open to be discussed further in this meeting.
In this paper we addressed these remaining open issues.
1. Concurrent MGP can also be configured when the UE is configured only with E-UTRAN measurement objectives.
1. When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, and E-UTRA MOs can be associated with any MG.
1. Limit the Rel-17 gap enhancement work to NR SA alone (including NR-CA and NR-DC)
1. Only X = 4 in proximity condition for overlapping in FR1
1. Only X = 1 in proximity condition for overlapping in FR2
1. RAN4 only 0% and 100% gap sharing ratios
1. RAN4 does not introduce other arbitrary sharing ratios
1. Define requirements for fully overlapped (FO)
1. Define requirements for fully partial overlapped (FPO)
1. Option 2. There is no need for RAN4 to define a measurement gap overhead.
1. Any measurement objects with an SMTC overlapping with a classic gap shall be measured within the gap.
1. Only measurement object with an association and with an SMTC overlapping with the concurrent gap shall be measured within the concurrent gap.
1. If a classic measurement gap and a concurrent measurement gap overlap according to the agreed overlapping rules (2.3.1 and 2.3.2), the gap sharing rules (2.3.3) will apply.
1. RAN4 to postpone the CSI-RS L3 measurements and concurrent gaps inter-working to a later release
In [2] we have further TP changes directly in the endorsed CR from last meeting related to agreements on concurrent gaps.
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