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1. Introduction
In RAN4-NR#2 meeting, there were extensive discussions on UE measurement capability [2~10]. A way forward on NR RRM [1] was agreed. The agreements on measurement capability are as follows.
	· For NR measurement capability, it was agreed: there will be no NR FDD/TDD differentiation in the number of carriers to be monitored.

· Interested companies should evaluate further the minimum requirements on number of interfrequency and interRAT layers to monitor

· Interested companies should evaluate further he methodology for determining capability for number of cells, number of beams etc to measure:

· Serving cell

· Non-serving cells (neighbour cells)


In this contribution we provide our views on UE measurement capabilities.
2. Discussion
Definition of intra/inter frequency
In our companion contribution [11] definition of intra/inter frequency was discussion. We propose to reuse LTE definition of intra/inter frequency for NR. So inter frequency is target cell and serving cell shares the same centre carrier frequency and intra frequency is centre carrier frequency between serving cell and target cell is different.
Number of frequency layers

In LTE the number of frequency layers to be monitored by UE includes serving cell frequency layers, i.e. the frequencies of the PCell, SCells and PSCell, inter-frequency layers and inter-RAT frequency layers. Depends on UE capability measurement gaps may or may not be needed when UE monitoring inter-frequency and inter-RAT frequency layers. In NR depends on UE operating bandwidth part and measurement object configuration and UE capability measurement gaps may or may not be needed when UE monitoring intra-frequency layers.
In LTE the UE measurement capability on monitoring the frequency layer is defined by the effective total number of frequencies excluding the frequencies of the PCell, SCells, and PSCell being monitored. This is because in LTE when monitoring the frequency layers of serving cells no measurement gap is needed. In NR due to different UE types and wideband operation, measurement gap may also needed even for monitoring the frequency layers of serving cells. Therefore UE measurement capability on monitoring of frequency layer should also include the frequency layer of serving cells from minimum requirements point of view.
If serving cell frequency layer is counted in the total number of frequency layers, there is no need to differentiate intra frequency layer and inter frequency layer anymore. This would make the UE measurement capability independent of definition of intra/inter frequency.
Proposal 1: Frequency layer of serving cells, including PCell, SCells and PSCell, should also be included in the effective total number of frequency layers.

Proposal 2: For NR, the total number of effective frequency layers being monitored is Nfreq. 

Nfreq = Nfreq, NR + Nfreq, E-UTRA
Note that Nfreq, NR includes serving cell frequency layers.

For each RAT group the number of frequency layer UE at least shall be capable of monitoring is also specified in LTE. Frequency layers UE shall be capable of monitoring depends on the network deployment, UE capability and system performance etc. It’s better to have operator’s input on this from network deployment perspective. In LTE UE shall be capable of monitoring at least 3 FDD EUTRA frequency layers and at least 3 TDD EUTRA frequency layers. As RAN4 agrees that no NR FDD/TDD differentiation in the number of carriers to be monitored, it would be straightforward to define that at least 6 NR frequency layers UE shall be capable of monitoring. By considering that serving cell frequency layer should also be included then at least 7 NR frequency layers UE shall be capable of monitoring.
There were also proposals in the last meeting that IncMon capabilities should be considered so that 8 NR carriers supported by NR UE. There are also concerns that 8 might be a little bit large.
Proposal 3: The number of frequency layer UE at least shall be capable of monitoring for each RAT group for NSA NR and SA NR is as follows.

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 7 NR carriers

In LTE the at least total number of effective frequency layers to be monitored is 7 for normal UE carrier monitoring capability and 12 for increased UE carrier monitoring capability. If 7 NR carriers are support then the total number should be larger than 7. As the total number of effective frequency layers has impact on system mobility performance, it might be better that reuse the number in LTE. Any number between 7 and 12 might be fine from system mobility performance point of view as 12 is used in LTE with reduced performance on some frequency layers. We propose to use 10 as the at least total number of effective frequency layers to be monitored.
Proposal 4: The UE shall be capable of monitoring a total of at least 10 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.
Number of cells and beams

In LTE the UE shall be capable of performing measurements for at least 8 cells per frequency layer for intra-frequency measurements and at least 4 cells per frequency layer for inter-frequency measurements. Generally speaking the number of cells per frequency layer that the UE should perform measurement depends on the network deployment and the SINR level that UE can work. It seems system level simulation is needed to derive the SINR values under typical deployment scenarios. Then maybe link level study would be executed to see what’s the side condition UE can perform measurement. However it is not so straight forward. The side condition to perform measurement in LTE is -6 dB and at least 8 cells are required to be measured. At any rate it’s not possible that all of the 8 cells can meet the side condition of -6 dB. From this perspective we might not need to perform the simulation campaign but just to consider reusing the LTE requirements, at least for frequency range sub 6 GHz. The system level simulation for frequency range above 6 GHz is needed anyway, so requirements for above 6 GHz can be based on the simulation outcome and further discussion.
Observation 1: The number of cells per frequency layer the UE shall be capable of performing measurements in NR can consider reusing LTE requirement for sub 6 GHz. It can be based on system level simulation outcome for above 6 GHz.
The number of beam the UE shall be capable of monitoring and performing measurements depends on the detectable beams, side conditions etc. For a UE the detectable beams would change if beam width and propagation channel changes. The cell level quality may depend on the average of best N beams according the decision in RAN2. The UE may also be required to report best M beams. These aspects should also be taken into account when determining the number of beams the UE should monitor.
Observation 2: System level simulation may be needed to determine the number of beams UE should be capable of monitoring.
3. Conclusion
In this contribution, we provide our views on the aspects of UE measurement capabilities for NR. Following observations and proposals are present.
Proposal 1: Frequency layer of serving cells, including PCell, SCells and PSCell, should also be included in the effective total number of frequency layers.

Proposal 2: For both SA and NSA NR, the total number of effective frequency layers being monitored is Nfreq. 

Nfreq = Nfreq, NR + Nfreq, E-UTRA
Note that Nfreq, NR  includes serving cell frequency layers.

Proposal 3: The number of frequency layer UE at least shall be capable of monitoring for each RAT group for NSA NR and SA NR is as follows.

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 7 NR carriers

Proposal 4: The UE shall be capable of monitoring a total of at least 10 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR.
Observation 1: The number of cells per frequency layer the UE shall be capable of performing measurements in NR can consider reusing LTE requirement for sub 6 GHz. It can be based on system level simulation outcome for above 6 GHz.
Observation 2: System level simulation may be needed to determine the number of beams UE should be capable of monitoring.
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