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1. Introduction
In the last RAN4 meeting, there were discussions on UE measurement capabilities in NR [2-8]. In the agreed way forward [1] three options are provided to define UE measurement capability.

· The measurement capability shall be defined per reference signal type. 

· Option 1: define capability on number of cells per frequency layer and number of beams per cell

· Option 2: define capability on number of beams per frequency layer

· Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer

· Final decision is to be made in RAN4#84bis

Regarding the measurement capability on number of frequency layers, below were agreed.
· Monitoring carrier number:

· IncMon feature shall be deprioritized in Rel-15 NR.

· the NR UE capability of frequency layers in CONNECTED mode is provided below for Release 15 NR.

· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carrier
	Release 15 LTE UE 

	The UE shall be capable of monitoring at least per RAT group 

-     Depending on UE capability, [x] TDD E-UTRA inter-frequency carriers, and 

-     Depending on UE capability, [y] FDD E-UTRA inter-frequency carriers, and 

-     Depending on UE capability, [8] NR inter-RAT carriers   

	the UE shall be capable of monitoring a total of at least [z1] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers 


	Release 15 LTE-NR NSA UE 

	The LTE-NR NSA UE shall be capable of monitoring at least per RAT group 

· Depending on UE capability, [7] NR inter-frequency carriers

 FFS: if E-UTRA should be included in 38.133 

	the UE shall be capable of monitoring a total of at least [z2] effective carrier frequency layers comprising of any above defined combination of NR, [E-UTRA FDD, E-UTRA TDD if introduced]. 


In this contribution we provide our further views on UE measurement capabilities in NR.
2. Discussion
2.1 Number of cells and number of beams
There were extensive discussions on how to define number of beams. It was proposed to define number of beams per frequency layer. The number of beams per cell that UE will monitor depends on UE implementation. It was also proposed to define number of beams per frequency layer together with number of beams per cell. This would guarantee the minimum number of beams per cell that UE should monitor if there are enough beams detectable in the cell. The total number of beams per frequency layers can be less than the number of beams in all cells of the frequency layer. This is similar to the UE capability of number of carriers in LTE. However in the agreed way forward three options were provided.
As indicated in LS [9] RAN2 has agreed the measurement model for in NR as in [10]. 
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In RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams: the N best beams above an absolute threshold. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB.

K beams correspond to the measurements on NR-SS block or CSI-RS resources configured for L3 mobility by gNB and detected by UE at L1.
According to the measurement model both cell level quality and beam level quality can be configured to be reported to the network. Beam specific measurements are consolidated in layer 3 to derive cell quality by averaging the best beam with up to N-1 best beams above an absolute threshold (both N and the threshold are configured by the network). The number of best beams X is also configured by the network.
The UE measurement capability is to meet the requirements for mobility. The number of beams per cell is very important to derive cell level quality. It is also very important that UE can measurement the configured X best beams per cell if they are detectable. Therefore we think number of beams per cell should be defined as UE measurement capability.
In the three options only option 1 supports number of beams per cell. So option1 should be adopted to define UE measurement capability.
Proposal 1: defining UE measurement capability on number of cells per frequency layer and number of beams per cell.
Regarding the number of cells per frequency layer our view is that it can reuse LTE requirements for sub 6 GHz, which is 8 cells for intra frequency measurement and 4 cells for inter frequency measurement. For above 6GHz the number of cells per frequency layer can be derived from system level simulation results.
Regarding the number of beams per cell it could also be derived from system level simulation results for both sub 6GHz and above 6GHz. UE complexity should also be taken into account.
Proposal 2: Reuse LTE requirements for the number of cells per frequency layer for sub 6GHz.
Proposal 3: The number of cells per frequency layer for above 6GHz is derived from system level simulation results.
Proposal 4: The number of beams per cell is derived from system level simulation results. UE complexity should also be taken into account.
2.2 Number of frequency carriers
It was agreed for Rel-15 LTE UE [8] inter-RAT NR carriers should be monitored. The number of carrier to be monitored for E-UTRA is still open. From Rel-13 UE is capable of monitoring 8 FDD E-UTRA and 8 TDD E-UTRA carriers per RAT. There are also operator requests that 8 E-UTRA carriers should be monitored by UE.  Therefore we think 8 LTE carriers can be defined as UE measurement capability for Rel-15 LTE UE. 
Regarding the total effective frequency carriers, we think 12 would be enough as it is rare that maximum number of LTE carriers and NR carriers need to be monitored simultaneously.
Proposal 5: The UE shall be capable of monitoring at least per RAT group 

-     Depending on UE capability, [8] TDD E-UTRA inter-frequency carriers, and 

-     Depending on UE capability, [8] FDD E-UTRA inter-frequency carriers, and 

-     Depending on UE capability, [8] NR inter-RAT carriers
Proposal 6: The UE shall be capable of monitoring a total of at least 12 effective frequency carriers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.
Regarding Rel-15 LTE-NR NSA UE, it is not clear whether E-UTRA carriers should be included in spec 38.133. In our view it should be included as from UE measurement perspective both E-UTRA carriers and NR carriers could be configured to measure simultaneously. If not included it seems that only NR carriers should be monitored by NSA UE. 
Proposal 7: Number of E-UTRA carriers is included in spec 38.133.
3. Conclusion
In this contribution, we provide our views on UE measurement capabilities in NR. Based on the observations following proposals are present.
Proposal 1: defining UE measurement capability on number of cells per frequency layer and number of beams per cell.
Proposal 2: Reuse LTE requirements for the number of cells per frequency layer for sub 6GHz.
Proposal 3: The number of cells per frequency layer for above 6GHz is derived from system level simulation results.
Proposal 4: The number of beams per cell is derived from system level simulation results. UE complexity should also be taken into account.
Proposal 5: The UE shall be capable of monitoring at least per RAT group 

-     Depending on UE capability, [8] TDD E-UTRA inter-frequency carriers, and 

-     Depending on UE capability, [8] FDD E-UTRA inter-frequency carriers, and 

-     Depending on UE capability, [8] NR inter-RAT carriers
Proposal 6: The UE shall be capable of monitoring a total of at least 12 effective frequency carriers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.
Proposal 7: Number of E-UTRA carriers are included in spec 38.133.
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