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1	Introduction
In last RAN4 meeting #84 in Berlin RAN4 agreed on the definitions for intra-frequency carrier and inter-frequency carrier in AH minutes [1] and WF [2] which was then informed to RAN1 and RAN2 in LS [3]:
· SS block (SSB) based RRM Measurements:
· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
· The above SSB based measurement definitions assume that the same cell transmits only one SSB.
· CSI-RS based RRM Measurements:
· CSI-RS based Intra-frequency Measurement: A measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources are the same.
· CSI-RS based Inter-frequency Measurement: A measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources are different.
In Berlin meeting RAN4 also had some discussions related to number of carriers the UE should be able to monitor. Progress on this topic was limited due to missing definition of intra- and inter-frequency carrier.
In this paper, we discuss the issue of number of carrier the UE should be able to monitor.

2	Discussion
Now when having the intra- and inter-frequency definition clarified, next to discuss is the number of NR Inter-RAT carriers the UE should be able to monitor from LTE (36.133 requirement) and how many NR inter-frequency carriers the UE should be able to monitor in NR (38.133 requirement).
We will look at the requirements from LTE specification 36.133, NR specification 38.133 point of views. Additionally, we discuss the total number of carriers and how to align this between 36.133 and 38.133.

2.1 Requirements for 36.133
From system point of view, when discussing NR NSA, the access to usage of NR resources is done through E-UTRAN. The UE will first have to be in service in E-UTRAN and be configured by E-UTRAN to measure one or more NR carriers. Once an NR carrier has been detected and measured, a measurement report may be triggered by UE. Hereafter the network can configure the UE with the NR cell.
The initial NR measurements while only being in service in E-UTRAN would be classified as inter-RAT measurements.
In 36.133 there are already requirements for legacy UEs and UEs not supporting NR. For legacy devices, these requirements are not going to be changed due to including a new RAT, and existing requirements should not be impacted by new requirements related to NR. 
However, UEs supporting NR would need to support NR inter-RAT measurements in addition to the existing requirements. This means that in addition to already existing monitoring requirements in 36.133 a UE supporting also NR would need to be able to support a number of NR carriers.

2.1.1	Baseline for defining Requirements
In last meeting, it was discussed in RAN4 which baseline requirements should be used when defining the effective total number of carriers, the UE should be able to monitor. Rel-12 introduced new mandatory requirements for UE concerning number of carriers for UE to monitor. From Rel-12 onwards the number is 12 and we believe this number should be used as baseline.
Proposal 1: Rel-12 requirements shall be used as baseline when discussing number of carriers to monitor.
As NR is new RAT in addition to existing it seems natural and reasonable that the NR capable UEs can monitor according to existing requirement and additionally a number of NR carriers.
Proposal 2: An NR capable UE would need to support a number of NR carriers in addition to existing requirements.
Open to discuss is how many NR carriers the UE should be able to monitor in addition to the current minimum requirements, and the total number of carriers?

2.1.2	Additional number of carriers for NR RAT
When looking at the current requirements in 36.133 UE shall be capable of monitoring at least 3 carrier frequencies per E-UTRAN FDD and TDD and 3 carriers per FFD/TDD UTRA RAT and 1 GSM layer (32 carriers). 
Based on this we would propose similar requirements for number of carriers for NR inter-RAT as is defined for E-UTRAN inter-frequency and UTRA inter-RAT – i.e. 3 carriers.
However, both UTRA and E-UTRAN requirements are split in FDD and TDD and for a UE capable of both the overall requirement is the sum of FDD and TDD carriers. In NR we agreed not to have a split between FDD and TDD, but as the number bands to be supported is likely higher and the number of carriers per band is likely not reduced compared to legacy RATs, we propose that the number of NR carriers would be 4.
Proposal 3: The UE shall be capable of monitoring at least 4 NR inter-RAT carriers.

2.1.3 Total number of carriers to monitor
Current requirements define an effective total number of frequencies excluding the frequencies of the PCell, SCells, and PSCell being monitored as Nfreq. Nfreq then is defined as the sum of carriers from different supported RATs and a requirement for the UE related to the minimum number of carriers the UE at least shall be capable of monitoring per supported RAT group.
We propose that the UE should be able to monitor 4 NR inter-RAT carriers and also propose that the NR capable UE would need to support an increase in the total number of carriers it at least is capable of monitoring. We believe Rel-12 shall be used as baseline where the requirement currently is 12 carriers as minimum.
In order to allow operators flexibility in the configurations and ensure some futureproof requirements, we believe an increase of the existing requirements by 3 NR inter-RAT carriers is suitable.
Proposal 4: The UE shall be capable of monitoring a total of at least 15 carrier frequency layers.
In our paper [4] we have a detailed proposal how to capture the requirements.

2.2 Requirements for 38.133
Following we look at the requirements related to the number of carriers the UE would need to monitor when operating NR. As RAN4 is currently only discussing NSA, there would not be a need to discuss Inter-RAT requirements and such discussion could be postponed until SA requirements become relevant. 
Once UE is configured with NR and NSA there would need to be UE requirements related to how many NR inter-frequency carriers the UE should be able to monitor. Such requirements would be rather like e.g. E-UTRAN inter-frequency monitoring requirements as known from 36.133.

2.2.1	Baseline for defining Requirements
Looking at the way the E-UTRAN inter-frequency monitoring requirements developed with the need for introducing monitoring of additional carriers in Rel-12 compared to Rel-8, it seems clear that in order to define future proof requirements, RAN4 needs to account for the development of the E-URAN requirements.
Proposal 5: E-UTRAN Rel-12 shall be used as baseline for number of NR inter-frequency carriers to monitor.

2.2.2	Number of NR Inter-frequency Carriers to Monitor
For a Rel-12 UE the E-UTRAN inter-frequency monitoring requirements are:
UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2,31] shall be capable of monitoring at least 
-	Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and
-	Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers
And RAN4 already agreed not to distinguish between FDD and TDD in NR. Defining NR requirements based on 8 inter-frequency carriers could in our view be limiting. Such a requirement could be seen as relaxing the requirements compared to E-UTRAN Rel-12 FDD/TDD capable UE and would not be very future proof. Having a requirement of 16 inter-frequency carriers could be seen as the natural choice – however, having such large number could also be seen as too high. 
One impact from having many carriers to monitor could be on measurement latencies. However, we expect cell detection and measurement latencies in NR to be shorter than what is known from E-UTRAN and therefore the expected latency in NR cannot be directly compared to what is known from E-UTRAN. For number of NR inter-frequency carriers to monitor we would propose 12 carriers.
Proposal 6: The UE shall be capable of monitoring at least 12 NR inter-frequency carriers.
As we in RAN4 do not yet have visibility to cell detection or measurement latencies it might be difficult to agree on the actual number for inter-frequency NR carriers. However, the monitoring latencies will likely be a function of the number of carriers the network configure the UE to monitor. I.e. the latencies are a consequence of the network configuration and will be known to the network. Therefore, we do recognize the latency impact but we do not see that this should be a deciding factor when it comes to the UE requirement, as it is more or less under network control.
In our paper [5] we have a detailed proposal how to capture the requirements.

2.2.3	Additional number of carriers for NR RAT
RAN2 has agreed that for NSA PSCell (or SN) cannot configure LTE Inter-RAT measurements. This means that there is no need to discuss how many LTE inter-RAT carriers the UE should be able to monitor. In order to focus the discussions in RAN4 we propose that for NSA RAN4 does consider UE requirements related to number of LTE inter-RAT carriers the UE should be able to monitor. This can be discussed in next phase when discussing NR SA.
Proposal 7: RAN4 does not consider UE requirements related to number of LTE Inter-RAT carriers to monitor in phase 1 (NSA).

2.2.4 Total number of carriers to monitor
As mentioned, RAN2 has agreed that SN cannot configure LTE inter-RAT measurements when operating in NSA. I.e. PSCell (or SN) can only configure NR inter-frequency carrier when UE is operating in NSA. This leads to the fact, that for the total number of carrier in NSA, RAN4 only need to consider carriers which can be configured by PCell and then carriers which can be configured by PSCell – NR inter-frequency carriers.
One way to approach the UE requirement concerning the total number of carriers the UE should be able to monitor, is that once RAN4 has decided the number of NR inter-frequency carriers to monitor, RAN4 could look at the UE total number of carriers. Input from operators would be welcome.
3	Conclusion
In this paper, we discuss the UE requirements related to the number of carriers for both 36.133 and 38.133.
Concerning requirements for 36.133 we propose:
Proposal 1: Rel-12 requirements shall be used as baseline when discussing number of carriers to monitor.
Proposal 2: An NR capable UE would need to support a number of NR carriers in addition to existing requirements.
Proposal 3: The UE shall be capable of monitoring at least 4 NR inter-RAT carriers.
Proposal 4: The UE shall be capable of monitoring a total of at least 15 carrier frequency layers.

Concerning requirements for 38.133 we propose:
Proposal 5: E-UTRAN Rel-12 shall be used as baseline for number of NR inter-frequency carriers to monitor.
Proposal 6: The UE shall be capable of monitoring at least 12 NR inter-frequency carriers
Proposal 7: RAN4 does not consider UE requirements related to number of LTE Inter-RAT carriers to monitor in phase 1 (NSA).
In our papers [4, 5] we have detailed proposals how to capture the requirements.
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