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Introduction
In RAN4#103-e meeting, RAN4 discussed core maintenance issues for concurrent MG. The latest agreements and open issues were captured in a WF [1]. In this paper, we continue discussing open issues under the following topics:
· Proximity condition for FR2-2
· MG overhead
Proximity condition for FR2-2
In the previous meeting, RAN4 reached an agreement on the value X for the proximity condition of overlapping concurrent measurement gaps in FR2-1 [1]. The value for FR2-2 is still FFS.
Issue 2-2-1: X value in proximity condition for overlapping in FR2
· Agreement
· X = 4ms for FR2-1, FFS for FR2-2

RAN4 had previously agreed to apply the value X = 4 ms in the case of gaps in FR1. The above agreement makes the same value applicable to FR2-1. To finalize the feature, RAN4 needs to agree on a value for FR2-2.
In our view, it is preferrable to apply the same value of X = 4 ms regardless of FR. Firstly, if a different value is chosen for FR2-2, it will make the logic for resolving collisions more complicated. In that case, we would need to define exactly when the alternate proximity value would apply. E.g. would it apply only when the UE is configured with all serving carriers in FR2-2 and when the configured measurement objects are for layers in FR2-2? This would lead to more complicated rules to determine whether two gap occasions collide.
Secondly, we don’t see a strong justification for a smaller value of X for FR2-2. Some companies have pointed out that FR2-2 supports larger subcarrier spacings of 480 kHz and 960 kHz. The argument being that a smaller value of X may be justified for the correspondingly shorter symbol duration. However, note that SCS = 120 kHz is mandatory for FR2-2, while the higher SCSs are optional with UE capability. In addition, for the higher numerologies in FR2-2, RAN1 has introduced relaxations in PDCCH monitoring periodicity and corresponding mutli-slot scheduling to alleviate the timeline burden on the UE.
Our view is that RAN4 should follow the same principle here to avoid burdening the UE with measurement gaps that are too close together in time. 
Observation 1: SCS = 120 kHz is mandatory in FR2-2, while SCS = 480/960 kHz are optional with UE capability. 
Observation 2: For SCS = 480/960 kHz in FR2-2, RAN1 has introduced relaxations in PDCCH monitoring periodicity and corresponding multi-slot scheduling to alleviate the timeline burden on the UE. 
Proposal 1: Reuse X = 4 for the proximity condition for colliding measurement gaps in FR2-2.
MG overhead
The issue of MG overhead has been discussed for many meetings without resolution. In RAN4#103-e, there was an agreement to down-select to two options, shown below [1].
Issue 2-3-1: Whether to define the overhead cap
· Agreement
· Down-select to Option 3 and Option 5. For option 5, the detailed solution needs further discussion.
· Option 3: Up to UE capability
· Option 5: Handling this issue by extending the dropping rule, instead of defining an overhead cap.
Issue 2-3-2a: Definition of overhead cap (assuming Option 3 agreed in Issue 2-3-1)
· Option 1: The max overhead that UE can support in Rel-15/16
· Option 2: The max overhead is 30%
· Option 3: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms
Issue 2-3-2b: Definition of additional dropping rule (assuming Option 5 agreed in Issue 2-3-1)
· Option 1: RAN4 to extend the overlapping rule when two MGs configuring with MGRP=20ms.
· The lower priority gap can be cancelled regardless of proximity rule
· Data scheduling is resumed on the dropped gap occasions

Even though we have not supported introducing a cap on overhead for concurrent MG, we agreed to down-select to the two options above for the sake of progress. Between the two options, our view is that option 3 is preferrable because it provides flexibility and leaves room differentiation between UEs. A major point of contention has been how much overhead should be allowed and there are differing views and preferences from various companies. Therefore, the new capability should include multiple candidate overhead values to choose from. Some UEs may prefer not to signal an explicit overhead cap and it should be possible to indicate so, e.g. by not signaling the capability.
To motivate the candidate overhead values for the new capability, Table 1 shows the MG overhead (%) associated with different pairs of measurement gap patterns (MGP) being configured as concurrent MG. Each cell shows the overhead for one pair of MGPs, whose MGP indexes are indicated in the first row and the first column. For reference, the highest overhead when a single MG is configured is 30%, corresponding to MGP #4 (MGL = 6 ms, MGRP = 20 ms). MGP combinations with overhead higher than 30% are highlighted in yellow in the table.
For MGP 0-11, the maximum overhead for any two pairs of gaps is 55%. For MGP 12-23, the maximum overhead is 58%.
Note that most MGP combinations (~87%) have overhead of 30% or less, including many combinations where both gap patterns have MGRP = 20 ms. In our view, it is not necessary to preclude all such combinations to limit gap overhead, as proposed in Option 1 under issue 2-3-2b.
An alternative way to signal the maximum MG overhead cap preferred by the UE would be to signal it via UE Assistance Information procedure. One advantage of this approach is that it gives the UE the ability to signal an overhead cap that may vary as a function of RRC configuration. 
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[bookmark: _Ref107416854]Table 1: Overhead (%) of concurrent measurement gaps, assuming proximity condition X = 4 ms is used to declare gap collisions. Measurement gap pattern (MGP) indexes are shown in the first row and first column (gray cells). Cells with ‘NA’ indicate that one of the concurrent gaps gets dropped due to collisions.

Proposal 2: Introduce an optional UE capability to signal the maximum overhead for concurrent MGs supported by the UE.
· The set of candidate values include {30%, 40%, 50%}.
· The overhead cap applies per FR.
· If the UE does not signal the capability, no overhead cap applies.
Proposal 3: Support the UE reporting its preferred maximum overhead for concurrent MG via UE Assistance Information. Request RAN2 to add new signalling for this purpose.
Conclusions
Observation 1: SCS = 120 kHz is mandatory in FR2-2, while SCS = 480/960 kHz are optional with UE capability. 
Observation 2: For SCS = 480/960 kHz in FR2-2, RAN1 has introduced relaxations in PDCCH monitoring periodicity and corresponding multi-slot scheduling to alleviate the timeline burden on the UE. 
Proposal 1: Reuse X = 4 for the proximity condition for colliding measurement gaps in FR2-2.
Proposal 2: Introduce an optional UE capability to signal the maximum overhead for concurrent MGs supported by the UE.
· The set of candidate values include {30%, 40%, 50%}.
· The overhead cap applies per FR.
· If the UE does not signal the capability, no overhead cap applies.
Proposal 3: Support the UE reporting its preferred maximum overhead for concurrent MG via UE Assistance Information. Request RAN2 to add new signalling for this purpose.
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