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[bookmark: _Ref462817227]Introduction
NR is being deployed in many different frequency bands compared to LTE. In order to decide which is the most suitable frequency for the UE to establish dual connectivity with or for mobility purposes is much more complicated than the similar problem in LTE. The UE needs to perform measurements on many frequencies before the ‘correct’ decision is taken for the UE based on the UE’s current radio condition.
In this contribution, we discuss the limitations of existing RRM measurement framework to perform measurements on different frequencies in an efficient way and we propose to introduce new priorities to handle the issue. 
[bookmark: _Ref178064866][bookmark: _Ref462918989]Discussion
In NR, the network may configure the UE with multiple measurements associated to one or multiple measurement objects. The UE is expected to perform measurements based on a measurement configurations to fulfill the performance requirements as stated in TS 38.133. According to the NR RRC specification TS 38.331, the UE measures and reports on the following cells:
1) The serving cell(s) - these are the PCell/PSCell and one or more SCells, if configured for a UE supporting CA.
2) Listed cells - these are cells listed within the measurement object(s).
3) Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).
Though the UE supports measurements on several carriers, the UE might have limitations on how many inter-frequency measurements can it perform at a given time due to the limitation of the measurement gap and/or the order in which the UE performs these measurements. This limitation will impose restriction on the network as to which measurements can be configured to the UE. This limitation is explained in the following example shown in Figure 1.
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[bookmark: _Ref498420385]Figure 1 : A network deployment with multiple carriers
In the figure shown above, the network has multiple carriers and the UE supports all these carriers. There are ‘n’ carriers with the operator in this region of the network. 
The UE has established its RRC connection in the left most cell in F1 frequency. To perform a network action, e.g., finding the DC candidate or CA candidate or handover candidate, the network configures the UE with measurement configurations involving F2 to Fn associated measurement objects. In this scenario, it is up to the UE implementation to select the order in which the UE performs inter-frequency measurements.
1. [bookmark: _Toc32318964]When the network configures multiple inter-frequency measurements, it is up to the UE implementation to select the order in which measurements in different frequencies are performed.
In the above example, assume that the UE always performs measurement on Fn first as this is the lowest frequency with largest coverage and therefore, there is a high probability of finding cells on that frequency. If the reporting configuration associated to measID linked with measObject of Fn triggers the measurement report, then the network might take an action based on the measurement report. However, if the network waits longer, then the UE might get measurements associated to other frequencies, e.g., F3 as the might have performed measurements on F3 after performing measurements on Fn but still ensuring the measurement performance requirements from 38.133 are fulfilled. However, the network cannot wait too long either as this might delay the setting up of DC/CA (resulting in poor throughput) or the RLF risks for the UE might be higher if the UE is in poor radio region in F1. This is further quantified using the following signal flow graphs.


Scenario-a



Scenario-b
[bookmark: _Ref32306366]Figure 2: Two different scenarios associated to inter-frequency measurement report related network actions. 
In the Figure 2, scenario-a is when the network takes an action immediately upon receiving an inter-frequency measurement report from the UE and scenario-b is when the network takes an action with some delay after receiving an inter-frequency measurement report from the UE. In the scenario-a, we risk that most UEs might be pushed to the same frequency (Fn) thus resulting in poor network and UE performance. In the scenario-b, we risk that there will be a delay before the network action is taken thus resulting in poor performance for the UE.
1. [bookmark: _Toc32318965]If the network takes an action immediately upon receiving an inter-frequency measurement report from the UE, then there is a risk that most UEs might be pushed to the same frequency (Fn) thus resulting in poor network and UE performance.
1. [bookmark: _Toc32318966]If the network takes an action after a delay from receiving an inter-frequency measurement report from the UE, then there is a risk that the UEs will suffer from poor performance (throughput) for a longer time or increases the risk of RLF for the UE if the UE is poor radio condition.
To circumvent these limitations, different options can be considered. One way to do so is via a fixed/forced UE implementation (e.g., the UE shall always perform inter-frequency measurement in the descending order of ARFCN). However, such a method is not adoptable in different network deployment scenarios i.e., it is possible that the network wants the UE to perform measurements on low frequencies before performing measurements on high frequencies when an inter-frequency handover candidate needs to be found quickly.
1. [bookmark: _Toc32318967]Having a fixed/forced UE implementation (e.g., the UE shall always perform inter-frequency measurement in the descending order of ARFCN) is not flexible to adopt to different network deployment scenarios and the purpose of the measurements.
Having the possibility to configure different priorities to different inter-frequency measurements will provide network the freedom to configure the priorities to reflect the required use case and the associated local deployment. The priorities could be explicitly configured in the measurement object or implicitly via the order in which the measurement objects are listed. The explicit configuration is quite straightforward and do not have large overhead in terms of configuration. Therefore, we propose to have explicit priority indication for indicating the order in which different inter-frequency measurements shall be performed by the UE. 
[bookmark: _Toc32513156]The network can configure the UE to have different priorities for different measurement objects.
[bookmark: _Toc32513157]The UE shall perform the inter-frequency measurements in the order which is specified by the associated measurement objects.
[bookmark: _Toc32513158]RAN2 is kindly requested to agree the CR in [1] and [2]. 

[bookmark: _Toc461106288]Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365]In this contribution, the following observations were captured:
Observation 1	When the network configures multiple inter-frequency measurements, it is up to the UE implementation to select the order in which measurements in different frequencies are performed.
Observation 2	If the network takes an action immediately upon receiving an inter-frequency measurement report from the UE, then there is a risk that most UEs might be pushed to the same frequency (Fn) thus resulting in poor network and UE performance.
Observation 3	If the network takes an action after a delay from receiving an inter-frequency measurement report from the UE, then there is a risk that the UEs will suffer from poor performance (throughput) for a longer time or increases the risk of RLF for the UE if the UE is poor radio condition.
Observation 4	Having a fixed/forced UE implementation (e.g., the UE shall always perform inter-frequency measurement in the descending order of ARFCN) is not flexible to adopt to different network deployment scenarios and the purpose of the measurements.

In this contribution, the following proposals were captured:
Proposal 1	The network can configure the UE to have different priorities for different measurement objects.
Proposal 2	The UE shall perform the inter-frequency measurements in the order which is specified by the associated measurement objects.
Proposal 3	RAN2 is kindly requested to agree the CR in [1] and [2].
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