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Introduction
In RAN4#90 and RAN4#90bis there were discussions on gap sharing for NE-DC and NR-DC, and it was proposed to introduce a modified scheme for FR2 intra-frequency gap sharing compared with the scheme for EN-DC and SA. The latest discussions in RAN4#90bis focused mainly on the number of competing measurement objects in each gap sharing pool, and we consider this aspect further in this contribution.
Discussion
Gap sharing was first introduced for LTE cat M1 when gap based intrafrequency measurements were first introduced due to a concept somewhat analogous to NR bandwidth parts whereby the UE may need to retune its receiver to make measurements. The basic scheme specified divided measurement gaps into two pools, which we will denote as pool A and pool B, and to define a sharing ratio between pool A and pool B. Depending on the configured sharing ratio, requirements assume a certain sharing of gaps between pool A and pool B.
In LTE cat M1 work, pool A corresponds to intrafrequency measurements and pool B corresponds to interfrequency measurements. The sharing ratio may be configured, and the sharing ratio depends on the exact configuration, but in all cases where non equal sharing is used, at least 40% of gaps are assumed to belong to pool A from a requirements perspective,
In NR, the basic sharing mechanism from LTE was reused, but some additional aspects are relevant.
1) The SMTC configuration of the measurement objects in pool A and pool B is also relevant. For example, if SMTC of measurement objects in pool A and pool B is completely independent, gap sharing has no physical meaning, and within a pool, the SMTC configuration will result in a different CSSFwithin_gap for each measurement object in the pool.
2) So-called “type C” measurements are introduced, where the UE RF does not need to be retuned to make intrafrequency measurements, but the SMTC fully overlaps with MG such that measurement gaps are the only time where the intrafrequency measurement can be performed at any rate.
3) More diverse scenarios such as FR1+FR2 carrier aggregation and NR-DC are introduced
4) More diverse UE capabilities, such as per FR measurement capability are introduced. For a UE supporting per FR gaps, FR1 and FR2 gap patterns may be configured independently of each other and the UE is able to measure FR1 measurement objects (either intra or inter) in the FR1 gap pattern and FR2 measurement objects (either intra or inter) in the FR2 measurement gap pattern.
The two schemes which are proposed in RAN4 are shown in table 1
		Pool A
	Pool B

	NR Intrafrequency FR1 gap or type C measurement
	NR Interfrequency measurement configured by PCell or PSCell (NR-DC case only) 

	NR Intrafrequency FR2 gap or type C measurement
	LTE interfrequency measurement configured by PSCell (NE-DC case only)

	
	InterRAT E-UTRA FDD and E-UTRA TDD measurement configured by PCell (NR-DC case only)



		Pool A
	Pool B

	NR Intrafrequency FR1 gap or type C measurement
	NR Intrafrequency FR2 gap or type C measurement

	
	NR Interfrequency measurement configured by PCell or PSCell (NR-DC case only) 

	
	LTE interfrequency measurement configured by PSCell (NE-DC case only)

	
	InterRAT E-UTRA FDD and E-UTRA TDD measurement configured by PCell (NR-DC case only)





Table 1a: Gap sharing with intrafrequency FR2 MO in pool A			Table 1b: Gap sharing with intrafrequency MO in pool B
(Scheme 1)																	(Scheme 2)
Firstly, we would emphasize that regardless of gap sharing, measurement gaps are a finite and limited resource. If the number of measurement objects within a pool is increased, then the measurement delays of all competing MO (i.e. with partially or fully overlapping SMTC) necessarily increases. So, regardless of whether intrafrequency FR2 MO are put in pool A or pool B, the fact that additional MO are added to that pool will increase measurement delays of other MO in the pool, unless they have fully non overlapping SMTC configurations from the FR2 intrafrequency MO. All that measurement gap sharing can do is impose a fixed and rigid split between the percentage of gaps used for pool A measurements and the percentage of gaps used for pool B measurement.
From our perspective, one of the main motivations of introducing gap sharing is to allow differentiated performance for intra-frequency and non-intrafrequency measurement types. Typically, intra-frequency mobility is more time critical since neighbour cells provide interference, and if the UE does not make a timely handover/PSCell change, the connection will be lost. Non-intrafrequency measurements are often made for longer term needs such as adding an additional SCell, or performing load balancing, although there are also sometimes deployments such as country or regional borders where an interfrequency handover needs to be made to remain in coverage. However, in these scenarios the UE is not encountering interference on the serving frequency as it moves towards the new cell.
Observation 1: In a typical scenario, intrafrequency mobility is more time critical to maintain a connection.
One of the main discussions in RAN4#90bis was about the number of measurement objects in each pool. While this is largely up to deployment and network implementation to manage the UE measurement configuration, it can be noted that for fully competing measurement objects in each pool:
Measurement DelayPOOL A ∝  NPOOL A×(1 / X * 100) and Measurement DelayPOOL B ∝  NPOOL B×(1 / (100-X) * 100)
Where the configurable gap sharing parameter, X can be 25%, 50% or 75%, and NPOOL A and NPOOL B are the number of competing measurement objects in pool A and pool B respectively.
Our concern with adding the intrafrequency FR2 measurement objects to pool B (scheme 2 in table 1) is that NPOOL B can often be large since it includes all interfrequency and interRAT measurement objects configured by the network. In such case, even if we configure X=25%, allowing 75% of measurement gaps for pool B measurements, it may not provide sufficient performance for intrafrequency FR2 mobility. We also expect that for late drop scenarios, Npool_A could readily consist of zero or 1 intrafrequency FR1 measurement objects (LTE intrafrequency measurements are never performed in gaps) and 1 intrafrequency FR2 measurement object. 
Observation 2: NPOOL B can often be large since it includes all interfrequency and interRAT measurement objects configured by the network
We do recognize that interfrequency and interRAT measurement objects are not always configured by the network. In such cases it may be beneficial to put the intrafrequency FR2 measurement objects into pool B (scheme 2 in table 1). On the other hand, it represents a more complicated gap sharing implementation for both network and UE, and it seems beneficial in some respects to use the same gap sharing scheme as for EN-DC and NR-SA/NR-CA also for late drop implementations. 
We propose this is further discussed in RAN4:
Proposal 1: RAN4 discusses and decides between alternative 1 and alternative 2 where
Alternative 1: Intrafrequency FR2 MO are included in pool A (same scheme as NR-SA/NR-CA and EN-DC)
Alternative 2: Intrafrequency  FR2 MO are included in pool B if there are no interfrequency/interRAT measurement objects configured, otherwise intrafrequency MO are included in pool A.
We do not believe it is good to unconditionally put intrafrequency FR2 MO in pool B in case they compete with a large number of interfrequency and interRAT MO leading to PSCell (NR-DC) or FR2 SCell (NE-DC) failures because of too slow PSCell or SCell change procedures. In this discussion it should be kept in mind that FR2 measurement delays are already significantly longer than FR1 measurement delays due to UE RX beam sweeping and including the MO in pool B may well lead to unacceptable performance with gap sharing, even if the network sets X=25% to boost pool B performance.
Conclusions
In this contribution we provide further analysis on gap sharing schemes for late drop features, especially discussing the number of measurement objects in each pool and the impact on measurement performance. 
We make the following proposal:
Proposal 1: RAN4 discusses and decides between alternative 1 and alternative 2 where
Alternative 1: Intrafrequency FR2 MO are included in pool A (same scheme as NR-SA/NR-CA and EN-DC)
Alternative 2: Intrafrequency  FR2 MO are included in pool B if there are no interfrequency/interRAT measurement objects configured, otherwise intrafrequency MO are included in pool A.
We do not believe it is good to unconditionally put intrafrequency FR2 MO in pool B in case they compete with a large number of interfrequency and interRAT MO leading to PSCell (NR-DC) or FR2 SCell (NE-DC) failures because of too slow PSCell or SCell change procedures. In this discussion it should be kept in mind that FR2 measurement delays are already significantly longer than FR1 measurement delays due to UE RX beam sweeping and including the MO in pool B may well lead to unacceptable performance with gap sharing, even if the network sets X=25% to boost pool B performance.
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