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1. Introduction
[bookmark: _GoBack]Regarding the Study on channel model for frequency spectrum above 6 GHz [1], a Skeleton TR [2], scenarios [3] and requirements [4] were agreed in the RAN1 #84 meeting [5]. Given the time constraint available for completing channel modeling, it would be desirable to focus on the high priority scenarios i.e. UMi (street canyon), indoor (office) and UMa as in the agreed WF [3]. Furthermore, from this ad-hoc meeting, we think that extensive measurements collected in various scenarios/frequencies should be discussed for the stochastic channel modelling methodology as in the working assumption [6].
In this contribution, we present path loss and shadow fading measurement results collected in an UMi-street canyon scenario in the frequency band at 28 and 38 GHz.
2. Summary of Channel Measurement Campaign
2.1 Measurement equipment
To explore the spatio-temporal characteristics of a wireless channel including the path loss, ETRI developed a wideband channel sounder. This channel sounder is designed for performing a field measurement campaign and collecting measured data by transmitting and receiving signals with a 500 MHz bandwidth at carrier frequencies of 28 and 38 GHz [7].
[image: ]
Figure 1.	ETRI Channel Sounder.
As shown in Figure 1, the sounder is composed of a baseband module, a transceiver module, a timing module, a 28-GHz or 38-GHz RF module, and antennas (directional horn antennas and an omnidirectional antenna). The 3D-Positioner includes a RFM and an antenna servo unit that generates servo signals for stepping motors to control the orientation of the horn antenna with 1o accuracy (horizontally and vertically). The rubidium oscillator of timing module provides the reference clock maintaining stable time synchronization between TX and RX. Table 1 describes detailed specifications of the channel sounder. The dynamic range of the sounder is sufficient to measure a path loss of up to 170 dB. 
Table 1. Specifications of ETRI channel sounder
	System parameters
	Specifications

	Center frequency
	28 / 38 GHz

	Channel Bandwidth
	500 MHz

	PN code length of probing signal
	4095 chips

	Maximum power of TX
(w/o antenna)
	28 GHz
	29 dBm

	
	38 GHz
	21 dBm

	Automatic gain control range of RX
	60 dB

	Multipath resolution
	2 ns

	HPBW of pyramidal horn antenna and gain
	28 GHz
	10º(24.4 dBi), 30º(15.4 dBi), 60º(9.9 dBi)

	
	38 GHz
	10º(24.6 dBi), 30º(16.4 dBi), 40º(12.6 dBi)

	Gain of omnidirectional antenna
	28 GHz
	5 dBi 

	
	38 GHz
	6 dBi 



2.2 Measurement scenario: UMi – Street canyon
The outdoor measurements were conducted in Dunsan-dong site (located in Daejeon) in Korea, which were selected to represent typical dense urban environment. It is a downtown area inhabited by 7-11 story buildings (20-35 m height) with 24-35 m wide streets between buildings. Note that the measurement site is composed of rectangular flat street grids. Figure 2 depicts a detailed measurement scenario, on which the locations of TX and RX of the sounder are marked for line-of-sight (LOS) and non-LOS (NLOS) situations. To emulate a typical UMi - street canyon scenario, we installed the TX antennas at a height of 10 m and the RX antenna at 1.5 m (pedestrian level) as illustrated in Figure 2. 
[image: ]
Figure 2.	Measurement scenario (left) and campaign at Dunsan-dong site (right).
In order to overcome considerable path loss in the high frequency bands above 6 GHz, high-gain directional antennas have been typically used to measure propagation channel characteristics. However, synthesizing omnidirectional characteristics by scanning these directional antenna measurements may cause erroneous results due to improper selections of the antenna beam-width and the rotation step size. Thus, we use an omnidirectional antenna at the receiver side to obtain path loss characteristics by limiting distance range up to 200 m. To expand the communication range between TX and RX of the sounder, a 30º Half-Power-Beam-Width (HPBW) horn antenna is used for TX. The measurement campaigns were taken during daytime and outside of normal rush hours. Furthermore, traffic was light and ran at about 30 km/h, with few people on sidewalks.
3. Measurement Results: Path loss and Shadow fading
There are two popular path loss models [8]: the close-in (CI) free space reference distance model and the alpha-beta-gamma (ABG) model. 
· The CI PL model is given by:

, where  and  denote the path loss exponent (PLE) and distance in meters, respectively, and  is the shadow fading (SF) term in dB. FSPL is the free space path loss at the specified reference distance (in this case the reference distance is 1 m):
.
· The ABG model is summarized as:

, where α and  denote the dependency coefficients with respect to distance and frequency, respectively, and β is the path loss offset determined typically by fitting with measurement data.
Figures 3 and 4 show scattered plots of the measured path loss data along with the CI model predictions in the UMi-street canyon scenario at 28 and 38 GHz in LOS and NLOS conditions, respectively. The path loss exponent (PLE) of the CI model is 2.1 for both frequencies in LOS, which agree with the free space PLE of 2. In NLOS, the PLE of the CI model is 3.0 for both frequencies. Therefore, we can observe that the PLE of the CI model at both frequencies are similar in LOS and NLOS environments. In LOS, the standard deviation difference of the shadow fading is only a fraction of a dB. In NLOS environments, the difference is about 1.6 dB.
[image: ][image: ]
(a) LOS					(b) NLOS
Figure 3.	Measured path loss at 28 GHz in UMi-street canyon scenario.
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(a) LOS					(b) NLOS
Figure 4.	Measured path loss at 38 GHz in UMi-street canyon scenario
Table 2 summarizes the path loss parameters in the ABG and CI models in UMi scenario.
Table 2: Parameters in the CI and ABG path loss model in UMi-street canyon scenario
	Scenario
	Environment
	Distance [m]
	Model
	Frequency [GHz]
	PLE/
	 [dB]
	
	 [dB]

	UMi
	LOS
	50-180
	CI
	28
	2.1
	-
	-
	1.8

	
	
	
	
	38
	2.1
	-
	-
	1.7

	
	
	
	ABG
	28-38
	1.9
	40.6
	1.8
	1.7

	
	NLOS
	40-140
	CI
	28
	3.0
	-
	-
	3.8

	
	
	
	
	38
	3.0
	-
	-
	5.4

	
	
	
	ABG
	28-38
	4.5
	3.1
	2.0
	4.3



Based the measurement results, we have the following proposal:
Proposal 1: Table 2 can be considered as the PL parameters for UMi-street canyon scenario at 28 and 38 GHz.

4. Summary
In this contribution, we present the path loss and shadow fading measurement results at 28 GHz and 38 GHz for the scenario of UMi street canyon. Based on the results, we made the following proposal.
Proposal 1: 
· Table 2 can be considered as the PL parameters for UMi-street canyon scenario at 28 and 38 GHz.
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