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1 Introduction
In this contribution, we discuss on the issue for measurement capability for NR based on agreed WF[1] in last RAN4-NR-AH#3 meeting.
2 Discussion 
In the last RAN4-NR-AH#3 meeting, the followings related to measurement capability in NR were agreed in WF.

	· 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

· Definition of “Number of cells per frequency layer”:
· 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/mm-W

· For SSB based intra-frequency measurement with and without measurement gap : at least [8]/[x]

· For SSB based inter-frequency measurement : at least [4]/[y]

· Definition of “Number of beams per cell”:

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

· Sub-6GHz/mm-W

· For SSB based intra-frequency measurement with and without measurement gap : at least [m1]/m2]

· For SSB based inter-frequency measurement : at least [n1]/[n2]

· Definition of “Number of beams per frequency ”:

· 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/mm-W

· For SSB based intra-frequency measurement with and without measurement gap : at least [k1]/[k2]

· For SSB based inter-frequency measurement : at least [h1]/[h2]
· 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.
· [image: image1.png]Release 15 LT UE
The UE shall be capable of monitoring at least per RAT group.

- Depending on UE capability, [x] TOD E-UTRA inter-frequency carriers, and
- Depending on UE capability, [y] FDD E-UTRA inter-frequency carriers, and
- Dependingon 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 DD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer correspondsto 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].





· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carriers




For measurement  capability of reference signal type, 3 options were introduced.  For easy comparison, we assume one example of the number related to measurement capability as follows.

· # of cells/frequency = 8;

· # of beams/cell = 4;

· # of beams/frequency = 12;

With the example, total number of beams is 32 for option1 and 12 for both option2 and option3. In aspects of reducing UE complexity, option1 is not good. For efficient mobility management in NW, the number of cells/frequency is needed to be reported. Therefore, option3 is better since option2 does not define the number of cells/frequency. And, in option3, it happens which the beams related to special cells which are lower than other beams are not reported. Therefore, at least one beam/cell is needed to be ensured. 
Proposal 1: Define capability on number of cells per frequency layer and number of beams per frequency layer.
Proposal 2: Ensure at least one beam per cell.

For number of cells per frequency layer, the number for sub-6GHz was agreed as [8] and [4] for intra-frequency measurement and inter-frequency respectively. The remaining number of cells is for mm-Wave. In mm-Wave, Tx beamforming and Rx beamforming can be assumed as baseline. Due to Rx beamforming, the number of cells and the number of beams are expected to be higher than sub-6GHz. And cell identification delay and the measurement period are also expected to be increased more than sub-6GHz. It affects latency of mobility management. Therefore, we should consider UE complexity and latency of mobility management in mm-Wave. With the reasons, we propose the same value as sub-6GHz for mm-Wave.
Proposal 3: For mm-Wave, define same number of cells per frequency layer in sub-6GHz.

For number of beams per frequency, we should consider UE complexity and latency of mobility latency.  The number of Tx beam, L, is defined with 4, 8 and 64 for different frequency range such as ~3GHz, 3GHz~6GHz, and 6GHz~52.6GHz. Therefore, according to the frequency range, the number of best beams, N, is expected to be configured with different value to UE. In addition, regarding UE complexity, the number of beams can be limited with M. Taking into account it, we propose the number of beams per frequency as follows.
Proposal 4: Define the number of beams per frequency layer as follows

· The number of beams per frequency =  min(N,M) * number_of_cells_per_frequency
· N : number of best beams

· M : capable number of beams in UE 

3 Conclusion
In this paper, we analysed measurement capability for reference signal type, the number of cells per frequency and the number of beams per frequency. Based on the analysis, we propose as follows.

Proposal 1: Define capability on number of cells per frequency layer and number of beams per frequency layer.

Proposal 2: Ensure at least one beam per cell.

Proposal 3: For mm-Wave, define same number of cells per frequency layer in sub-6GHz.

Proposal 4: Define the number of beams per frequency layer as follows

· The number of beams per frequency =  min(N,M) * number_of_cells_per_frequency

· N : number of best beams

· M : capable number of beams in UE 
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