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1. Introduction
In the RAN4#84bis meeting, there were extensive discussions on UE measurement capabilities in NR [2-15]. However due to lack of time there were no agreements on UE measurement capabilities.
In this contribution we provide further views on UE measurement capabilities in NR.
2. Discussion
2.1 Number of cells and number of beams
In the RAN4 NR#3 meeting the agreements on measurement capability on number of cells and/or number of beams were captured in the way forward [1] as below.
· 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

Regarding the number of cells per frequency layer the agreement is as below.

· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz: 

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 

· mmWave: 

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 

· x, y and z are TBD

Based on the agreement the number of cells will be specified for both sub-6GHz and mm-wave. But among the above options to define UE measurement capability option 2 will not define number of cells per frequency layer. Option 2 allows UE to decide how to monitor beams on a frequency layer, which gives UE more flexibility of implementation. But there could be the case that the beams monitored by UE are from one cell if there are many beams are detectable from the cell. Based on the system simulation this is the common scenario that many beams per cell are detectable, for example half of the total Tx beams. As discussed in the last meeting the number of cells per frequency layer is more important from mobility perspective. Therefore it would be better to define the requirements for number of cells per frequency layer.
Proposal 1: UE measurement capability on number of cells per frequency layer is defined.
If number of cells per frequency layer is defined we can further analyse option 1 and option 3 to see which one is better to define the UE measurement capability on the number of beams.
Option 1 defines UE measurement capability on the number of beams per cell. Together with number of cells per frequency layer the total number of beams per frequency layer will be determined. According to the measurement model defined by RAN2 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. With option 1 the measurement model would work well that there would be certain number of cells per frequency layer and certain number of beams per cell to be reported which provides network information on the quality of cells and beams. If the number of cells and number of beams is carefully chosen the UE complicity is reasonable.
Option 3 defines UE measurement capability on the number of beams per frequency layer. Both the number of cells and number of cells are defined per frequency layer. In this case UE behaviour is not clear. Suppose that many beams are detectable for each cell on a frequency layer, there would be different UE implementation to meet the requirements. Some UE would monitor certain number of beams for each cell and some UE would monitor more beams for one cell and fewer beams for other cells.  From network side different UE would provide different feedback of the cell and beam qualities which are not desirable.
Based on the analysis, we think the UE measurement capability should be defined as option 1.
Proposal 2: UE measurement capability is defined as the number of cells per frequency layer and number of beams per cell.
Regarding the number of cells per frequency layer it was agreed to reuse LTE requirements for sub-6 GHz, which is 8 cells for intra frequency measurement and 4 cells for inter frequency measurement. The maximum total number of Tx beams for sub-6 GHz is 16. It would be reasonable to monitor half of the total Tx beams.

Proposal 3: For sub-6 GHz, UE should be able to monitor 8 beams per cell.
For above 6 GHz the number of cells can re-use the number for sub-6 GHz. Although for above 6GHz the number of detectable beams per cell would be larger than sub-6 GHz, 8 beams seem to be enough from mobility point view.
Proposal 4: The number of cells is 8 for intra-frequency measurement and 4 for inter-frequency measurement.

Proposal 5: For above 6 GHz, UE should be able to monitor 8 beams per cell.
2.2 Number of frequency carriers
It was agreed in the way forward [1] for Rel-15 LTE UE [8] inter-RAT NR carriers should be monitored. It was also agreed that IncMon feature shall be deprioritized in Rel-15 NR. The number of carrier to be monitored for E-UTRA and if E-UTRA should be included in 38.133 are still open.

From Rel-12 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.  For Rel-15 UE not supporting NR it is reasonable and straightforward to re-use Rel-14 requirements where 8 FDD and TDD LTE carriers should be monitored. For Rel-15 NR UE it seems it’s not reasonable to reduce the measurement capability compared to non-NR UE. Therefore we think 8 FDD and 8 TDD E-UTRA carriers can be also defined as UE measurement capability for Rel-15 LTE UE. 
Regarding the total effective frequency carriers for Rel-15 non-NR UE it is straightforward to re-use 12 as in Rel-14 requirements. For Rel-15 NR UE we think 12 would also be enough as it is rare that maximum number of LTE carriers and NR carriers need to be monitored simultaneously. It would be not necessary to add more frequency carriers due to addition of NR carriers.
For 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 be measure by PCell. If not included it seems that only NR carriers should be monitored by NSA UE. 
In summary following UE measurement capability requirements can be defined as below.
Proposal 6: The UE measurement capability of number of frequency layers is defined as below. 

	Release 15 LTE UE 

	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   

	the UE shall be capable of monitoring a total of at least [12] 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, [8] TDD E-UTRA inter-frequency carriers, and 

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

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

	the UE shall be capable of monitoring a total of at least [12] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD. 


3. Conclusion
In this contribution, we further provide our views on UE measurement capabilities in NR. Based on the observations following proposals are present.
Proposal 1: UE measurement capability on number of cells per frequency layer is defined.
Proposal 2: UE measurement capability is defined as the number of cells per frequency layer and number of beams per cell.
Proposal 3: For sub-6 GHz, UE should be able to monitor 8 beams per cell.
Proposal 4: The number of cells is 8 for intra-frequency measurement and 4 for inter-frequency measurement.

Proposal 5: For above 6 GHz, UE should be able to monitor 8 beams per cell.
Proposal 6: The UE measurement capability of number of frequency layers is defined as below. 

	Release 15 LTE UE 

	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   

	the UE shall be capable of monitoring a total of at least [12] 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, [8] TDD E-UTRA inter-frequency carriers, and 

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

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

	the UE shall be capable of monitoring a total of at least [12] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD. 
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