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1. Introduction
At the RAN#69, a SI for channel modelling of frequency spectrum above 6 GHz was approved [1]. Subsequently, an e-mail discussion was conducted focusing on analysis of channel modelling activities outside of 3GPP, scenarios of interest, frequency bands, modelling methodologies, etc. [2, 3]. In this contribution, we introduce our measurement results for UMi and O2I environments. 
2. Measurement in Dense Urban Area (UMi)
Measurements were carried out in a dense urban area in Tokyo. In the area, the average building height is 18 m, percentage of area occupied by buildings is 46 % and the average road width is 29 m. Table AI and Figure A1 show measurement parameters and image of measurement area, respectively. The measurement frequencies are 0.81, 2.2, 4.7, 26.4 and 37.1 GHz. In the measurements, continuous wave (CW) is used and the received level is measured. Transmitter antenna height is set to 1.5, 6, and 10 m in order to study height-dependency. The receiver antenna is placed on a measurement vehicle with the height of 2.7 m. Sleeve antennas are used both of the transmitter and receiver side. The 2D distance between the BS and MS is 56 m to 959 m. Pathloss is derived by taking median value of the measurement samples within successive 10 m. It is calculated with the step of 1 m. The total number of median value available for analysis is 63113.
Figure 1 shows an example of the measurement results that is frequency dependency of pathloss for UMi environments with LOS and NLOS case. It is observed that the pathloss increases according to the increase in frequency. This is one of the most important features to be captured for 5G channel model.
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Figure 1: Frequency dependency of pathloss (UMi)


From the measurement results, we expect following contributions for UMi channel modeling.
· Frequency dependency of pathloss and shadowing (LOS and NLOS)
· Height dependency of pathloss and shadowing (LOS and NLOS)

3. Measurement in University Campus (O2I)
Two different types of measurements were conducted with different measurement equipment in a university campus. 
· Pathloss measurement
Table BI and Figure B1 show measurement parameters and image of measurement area, respectively. We use the same equipment as dense urban measurement. Sleeve antennas are used both of the transmitter and receiver side. Frequencies used for measurement are 0.8, 2.2, 4.7, 8.4, 26.4 and 37.1 GHz. In the measurements, CW is used and the received level is measured. Transmitter antenna height is set to 2.5, and 11.5 m. Receiver antenna is placed on the floors of 1st, 2nd, 4th, 6th and 8th (namely, 1F, 2F, 4F, 6F and 8F) with height of each floor of 3 m.
Figure 2 shows measurement results on penetration loss for different frequency with incident angle as a parameter. Here, incident angle is LOS angle between Tx and Rx antennas in vertical domain. It is observed that the penetration loss slightly increases according to the increase in frequency. It may affected by the incident angle.
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Figure 2: Penetration loss

Figure 3 shows frequency dependency of pathloss. Here, Tx antenna is placed at B3. It is observed that the pathloss increases according to the increase in frequency. Moreover, pathloss is larger for higher floor due to height dependency.
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Figure 3: Measured pathloss (O2I)
From the measurement results, we expect following contributions for O2I channel modeling.
· Frequency-dependent penetration loss (PLtw) 
· Frequency-dependent indoor loss (PLin)
· Small-scale fading measurement
Table CI shows parameters for the measurement of small-scale fading. We use OFDM signal for channel sounding with the carrier frequency and bandwidth of 19.8 GHz and 50 GHz, respectively. We use a sleeve antenna at the transmitter side, whereas a standard horn antenna is used at the receiver side. Antenna gain and half-power bandwidth (HPBW) for the standard horn antenna is 19.1 dBi and 20 degs., respectively. In order to enable 3D channel sounding, Rx antenna is rotated with the azimuth and elevation angle of +/-180 deg. and +/-50 deg., respectively.  We use same measurement area as that for pathloss measurement. Transmitter antenna is placed at B3 and B4 in Figure B1 with the height of 2.5 m. Receiver antenna is placed on the same floors as in the pathloss measurement. Here, we define the distance between window and Rx antenna to dRx as shown in Figure B1. We use route 2 with dRx of 2, 9 and 16 m in this measurement.
Figure 4 shows an example of the measurement results that is AoA characteristics for different Rx antenna location, i.e., different floor and dRx. Here, Tx antenna is placed at B3 in these cases. It is observed that the paths are concentrated to AoA of 0 and +/-180 degrees. This is aligned to the direction of corridors in the building. Furthermore, paths are concentrated more on 0 degrees when relative delay is large. This implies that the paths penetrate into the building after long outside propagation.
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Figure 4: Measured AoA (O2I)
From the measurement results, we expect following contributions for O2I channel modeling.
· Large-scale and small-scale parameters for small-scale fading
4. Summary
In this contribution, we introduce our measurement results for UMi and O2I environment. We expect following contributions for UMi and O2I channel modeling.
· UMi environment
· Frequency dependency of pathloss and shadowing (LOS and NLOS)
· Height dependency of pathloss and shadowing (LOS and NLOS)
· O2I environment
· Frequency-dependent penetration loss (PLtw) 
· Frequency-dependent indoor loss (PLin)
· Large-scale and small-scale parameters for small-scale fading
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Appendix
Table A1: Measurement parameters (Dense urban)
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Figure A1: Measurement environment (Dense urban)
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Table B1: Measurement parameters (University campus; pathloss)
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Figure B1: Measurement environment (University campus)
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Table C1: Measurement parameters (University campus; small-scale fading)
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image5.emf
Parameter Value

Frequency (f ) 0.81, 2.2, 4.7, 26.4, 37.1 GHz

Antenna configuration Sleeve antenna (Tx and Rx)

Transmitted signal Continuous wave

Tx antenna height (h

Tx

) 1.5, 6.0, 10 m

Rx antenna height (h

Rx

) 2.7 m

LOS/NLOS LOS and NLOS

2D distance between BS and MS (d) 56 – 959 m
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image7.emf
Parameter Value

Frequency (f ) 0.81, 2.2, 4.7, 8.4, 26.4, 37.1 GHz

Antenna configuration Sleeve antenna (Tx and Rx)

Transmitted signal Continuous wave

Tx antenna height (h

Tx

) 2.5, 11.5 m

Rx antenna height (h

Rx

) 1.5 m from floor (1, 2, 4, 6, 8th floor)

LOS/NLOS LOS (Between Tx antenna and building with Rx antenna)
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image9.emf
Parameter Value

Frequency (f ) 19.85 GHz

Bandwidth 50 MHz

Tx antenna configuration Sleeve antenna

Rx antenna configuration Standard horn (19.1dBi; 20 deg. HPBW)

Transmitted signal OFDM

Tx antenna height (h

Tx

) 2.5 m

Rx antenna height (h

Rx

) 1.5 m from floor (1, 2, 4, 6, 8th floor)

LOS/NLOS LOS (Between Tx antenna and building with Rx antenna)
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