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Introduction
A SID on Study on channel model for frequency spectrum above 6 GHz is agreed in RAN # 69 meeting [1]. The objectives of the study are to develop a channel model to enable feasibility study and developing framework of using high frequency spectrum ranging from 6 GHz to 100 GHz. In order to achieve this, the study item should fulfil the following objectives.
· RAN1 should develop a channel model(s) for frequencies up to 100 GHz taking into account the outcome of RAN-level discussion and discussion in the ‘5G’ requirement study item. 
· Define the additional details of the scenarios of interest required for RAN1 work for 3GPP based radio communication above 6GHz.
· Consider the work done outside 3GPP as well as earlier 3GPP work, such as the 3GPP 3D-channel model, as a starting point and identify and agree modifications and additions for proper modelling of wireless channels of the high frequency spectrum for the identified scenarios. 
· Consider possible implication of the new channel model on the existing 3D channel model for below 6 GHz.
In the email discussion [2], companies are encouraged to provide measurement results in their interested frequency bands and scenarios for the discussion in RAN1 meeting. In this contribution, we show the 38GHz channel measurement results for the scenario of UMi street canyon.
Channel Measurement Scenario 
Street canyon and open square are the two main scenarios for UMi with O2O. In this contribution, we have shown the 38GHz LOS/NLOS channel measurement results for street canyon scenario. The inter-site distance for street canyon is typically less than 200 m. The cell radii is 100 m and base stations (BSs) are usually mounted below rooftops at a height of 7-20 m. The height of outdoor UEs is 1.5-2.5 m.
Our 38GHz channel measurement campaign locates at the street between the second engineering and apprentice buildings in Taiwan national Chung-Cheng university (CCU). Such allocation of buildings and street is similar to UMi street canyon environment. Fig. 1 shows CCU campus map and the relative locations of transmitter and receiver. In this measurement campaign, the transmitter locates at Tx1, Tx2 and Tx3 with heights of 11.6 m, 7 m and 7 m. The corresponding receiver locations of Tx1 is Rx16 to Rx25, Tx2 is Rx1 to Rx9 and Tx3 is Rx10 to Rx15. Table 3 in Annex describes all the distances of Tx/Rx and the corresponding LOS/NLOS conditions. 
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Figure 1: CCU campus map for 38GHz UMi channel measurement and the relative locations of Tx and Rx.

Measurement Results
Path Loss and Shadow Fading
The measurement results of large scale parameter include path loss (PL) and shadow fading (SF). Two common PL models are analyzed in this contribution, i.e., Floating-intercept (FI) and Close-in (CI) free space reference distance models. The CI PL model is given as:
,
where d0 is the free space reference distance, n is the path loss exponent (PLE) and  is the SF term in dB. The FSPL of d0 can be given by
,

where  is the wave length. The reference distance d0 in the following analysis is 1m.

The FI PL model is given as:
,
where  represents the PL increasing slope as Tx-Rx distance increases,  is the floating offset value in dB. Currently, the PL model adopted in 3GPP 3D-SCM is a kind of modified FI PL model with dual-slope to fit the near/far PLs. Since the values of  and  are get by the statistically measurement data, this model is only valid within the distance with measurement data.
Figure 2 shows the LOS/NLOS measurement results for UMi street canyon scenario. There are 13 Tx-Rx locations for LOS links and 15 Tx-Rx locations for NLOS links. The measurement procedures for each link are described as follows: 
· Rotate Tx and Rx antennas to find the strongest signal for Tx-Rx antenna alignment.
· Define the northeast direction as the global coordinate with 0o (refer to Fig. 2).
· Rx antenna was rotated 360o with 7o azimuth angle step and Rx received the channel sounding data for each angle step. There are total 52 azimuth angles should be measured.
· For each angle step, total 20 measurements should be captured and each measurement corresponds to half wavelength offset (i.e. total 10 wavelength offset).

In the following analyses, we provide both CI and FI PL models to fit the measurement results:

CI free space reference distance model for LOS links:(3.4)

 ,
where  and the slope or PLE of CI model is 2.91.

FI model for LOS links:
 ,
where , the intercept and slope can be derived as  and.

CI free space reference distance model for NLOS links:
 ,
where  and the slope or PLE of CI model is 3.32.

FI model for NLOS links:
 ,
where , the intercept and slope can be derived as  and.

Table 1 summarizes the parameters of CI and FI PL models. It can be seen the PLE of LOS is 2.29 that is quite close to the theoretical free space value. In the case of NLOS, the PLE distributes around 3-4 and the curve fitting result is 3.32. It is also close to the measured results of recent literatures. The standard deviation of SF is around 2.3-2.9 in LOS environment. For NLOS case, the standard deviation of SF is 5.9. Based the measurement results, we have the following observation and proposal:

Observation 1: The LOS PLE of UMi street canyon scenario at 38 GHz is quite close the theoretical free space value of 2.
Proposal 1: Table 1 can be considered as the PL parameters for UMi street canyon scenario at 38 GHz.
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Figure 2. LOS and NLOS measurement results of 38 GHz path loss for UMi street canyon scenario

Table 1. CI and FI PL Model Parameters
	Path Loss Models

	
	Close-in Model
	– Model

	LOS/NLOS
	PLE
	[dB]
	
	
	[dB]

	LOS
	2.29
	2.30
	12.78
	2.36
	2.92

	NLOS
	3.32
	5.99
	-2.41
	4.49
	5.92




AOA Results
Figure 3 shows the polar plots of the received AoA power at Rx3 and Rx4 locations. Zero degree 0o in Figure 3 is defined as the northeast direction as shown in Figure 1. Since Tx2-Rx3 is a LOS link and there is a wall at back of the receiver, Fig 3 (a) shows a strong LOS path and a reflected path which is opposite to the main LOS path. Rx4 locates at the corner of a wall and is a NLOS link. Fig 3 (b) shows Tx2 signal can still be received from a diffraction path of the corner. The RMS AoA spread for all Tx-Rx links are listed in Table 4 in Annex. Table 2 shows the statistical results of AoA spread for UMi street canyon scenario.
Proposal 2: Table 2 can be considered as the AoA parameters for UMi street canyon scenario at 38 GHz.
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                                             (a)                                                                (b)
Figure 3. Polar plot of received AoA power at (a) LOS Rx3 location and (b) NLOS Rx4 location

Table 2. Statistical Results of AoA Spread
	
	LOS
	NLOS

	Mean
	41.17
	70.46

	Standard deviation
	15.7
	24.30



Summary
In this contribution, we present the 38GHz channel measurement results for the scenario of UMi street canyon. Based on the results, we made the following observations and proposals.
Observation 1: The LOS PLE of UMi street canyon scenario at 38 GHz is quite close the theoretical free space value of 2.
Proposal 1: Table 1 can be considered as the PL parameters for UMi street canyon scenario at 38 GHz.
Proposal 2: Table 2 can be considered as the AoA parameters for UMi street canyon scenario at 38 GHz.
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Annex
Table 3. Distance and LOS/NLOS condition of Tx-Rx Links
	Transmitter
	Receiver
	Distance
	LOS/NLOS

	Tx1
	Rx16
	62.27
	LOS

	
	Rx17
	71.96
	LOS

	
	Rx18
	81.72
	LOS

	
	Rx19
	91.53
	LOS

	
	Rx20
	101.38
	LOS

	
	Rx21
	111.25
	LOS

	
	Rx22
	131.06
	LOS

	
	Rx23
	52.71
	LOS

	
	Rx24
	81.72
	LOS

	
	Rx25
	101.38
	LOS

	Tx2
	Rx1
	49.26
	LOS

	
	Rx2
	39.83
	LOS

	
	Rx3
	30.77
	LOS

	
	Rx4
	27.89
	NLOS

	
	Rx5
	37.65
	NLOS

	
	Rx6
	52.29
	NLOS

	
	Rx7
	57.45
	NLOS

	
	Rx8
	58.57
	NLOS

	
	Rx9
	53.52
	NLOS

	Tx3
	Rx10
	53.52
	NLOS

	
	Rx11
	58.57
	NLOS

	
	Rx12
	57.45
	NLOS

	
	Rx13
	52.29
	NLOS

	
	Rx14
	39.84
	NLOS

	
	Rx15
	49.26
	NLOS
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Table 4. Angle Spread of Tx-Rx Links
	Rx Location
	Circular Angle Spread (degree)
	Rx Location
	Circular Angle Spread (degree)

	Rx1
	29.91
	Rx9
	97.66

	Rx2
	30.17
	Rx10
	99.17

	Rx3
	63.43
	Rx11
	99.07

	Rx4
	70.89
	Rx12
	93.44

	Rx5
	81.61
	Rx13
	51.49

	Rx6
	65.27
	Rx14
	57.01

	Rx7
	43.07
	Rx15
	86.65

	Rx8
	31.28
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