3GPP TSG RAN WG1 Meeting #91
R1-1720604
Reno, USA, November 27 – December 1, 2017
Agenda Item:
7.8
Source:
Huawei, HiSilicon
Title:
Comparison of V2V channels at 60 GHz under LOS and non-LOS due to vehicle blockage
Document for:
Discussion
1 Introduction

During the RAN plenary meeting in West Palm Beach, the Study Item on evaluation methodology of new V2X use cases for LTE and NR was agreed [1]. The online discussion on the channel models will start later, but offline and email discussions have been very active. One of the key topics in V2X sidelink (V2V) channel model is the vehicle blockage. In this contribution, we present results of measurements that compare V2V channels at 60 GHz under LOS and non-LOS due to vehicle (NLOSv) blockage. By emulating an overtaking situation, we analyze the impact of vehicle blocking in an urban scenario. The measurements show that LOS and NLOSv links have considerably different shadow fading and fast fading (DS, ASD, ASA) parameters. Based on the measurements, we argue that the V2V sidelink channel is best modelled by distinguishing three states [3]: LOS, NLOS due to buildings (NLOSb), and NLOS due to vehicles (NLOSv).
2 Measurement Set-up and Scenario
The measurements at 60 GHz have been carried out with the dual-polarized ultra-wideband multi-channel sounder, which offers after back to back calibration a null-to-null bandwidth of 5.1 GHz. The spatial characterization of the environment has been done by automatically rotating dual-polarized horn antennas with 30° HPBW in 30° steps, covering the whole azimuth range at transmitter (Tx) and receiver (Rx). On the other hand, a single elevation of 0° was measured at both sides. The measurements were performed in the campus at the Technische Universität Ilmenau, Ilmenau, Germany. The scenario was a “T” intersection in an urban environment with parked cars, multi-story buildings, and lampposts as shown in Fig. 1(a). The TX and RX were located at 1.44 m height, emulating two cars 44 m apart communicating to each other with transceivers at rooftop level. Two parked cars were present during the measurements to increase the scattering effects, denominated as Position 0. A third car, denominated blocking car (MB Sprinter - a delivery van), was located in 15 different positions (Position 1-15 in Fig 1.) emulating an overtaking situation. All the measurements were performed in as static scenario as possible by restricting the access of the streets.
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Fig. 1 Measurements of mmWave V2V channels at 60 GHz and the results of directional channel characterizations. Fig. 1(a) shows the measurement setup, main scatterers, and positions of the blocking vehicle. Position 0 refers to the scenario without the blocking vehicle. Results for the following positions are shown: Position 0 (Fig. 1(b)), Position 4 (Fig. 1(c)), Position 5 (Fig. 1(d)), and Position 8 (Fig. 1(e)). Subfigures (b)-(e) indicate the angular position of contributions from LOS, Building A, and Building B, which, depending on the position, are significant (as in Fig. 1(b) or blocked (e.g., Building A contribution in Fig. 1(c) or Building B contribution in Fig. 1(d)).
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Fig. 2. PDP for Position 6 normalized to the LOS component in Position 0a.

Fig. 2 shows the power delay profile (PDP) for Position 6, with main contributing components identified. Fig. 2 shows that LOS cluster (including LOS component and those close to it in delay such as diffraction around vehicle body), while attenuated, still exists. This is in contrast with “classic” NLOS state (blockage by buildings), where LOS cluster is most often insignificant. In case of NLOSv, LOS cluster will often contribute non-negligible energy due to transmission through the vehicle, diffractions around the blocking vehicle, and ground reflection under it. 
Observation 1: Unlike in case of NLOSb (NLOS due to blockage by buildings), in NLOSv state the LOS cluster will often contribute non-negligible energy to the received signal.
3 Directional Channel Characterization

The above measurements can be used for directional channel characterization of mmWave V2V channels. Different scatterers were identified using the large resolution in the time domain and the different scans in the angular domain. The interpolated and normalized per position power bi-azimuthal profiles are shown in Figs. 1(b)-(e) for selected positions of the blocking car. In the Position 0 (Fig. 1(b)), the strongest scatterers are the LOS, Building A, and a back reflection in the T intersection in Building B. When the blockage starts in the Position 4 (Fig. 1(c)), the Building A is blocked and the number of relevant scatterers within the displayed dynamic range increases. In the Position 5 (Fig. 1(d)), the LOS is completely blocked. Finally, when the blocking car is in the middle of the communicating cars, in Position 8 (Fig. 1(e)), the strongest scatterer is Building A and Building B is still blocked, but scatterers at ±30° Tx azimuth become more relevant. The above results of directional characterizations show that NLOSv V2V propagation significantly increases the angular spread of MPCs at 60 GHz.
4 Shadow and fast fading parameter analysis 
The dynamics of the blocked scatterers have significant impact on mmWave V2V channels. The mean and variance of the parameters have been calculated considering positions 0 to 3 and 13 to 15 as LOS, and positions 4 to 12 as NLOSv. The synthetic omnidirectional characteristic of the channel has been utilized to calculate the DS, shadow fading, and Rice K-factor. This is computed by averaging the PDPs from the different directional scans. Angular spread (AS) has been calculated using the marginal power angular profiles. The values are summarized in Table I, showing that the DS and AS increase under blockage. On the other hand, due to the obstruction of the LOS component, the K-factor is reduced from approx. 10 dB to -5 dB. The mean vehicle blocking loss (mean additional attenuation due to vehicle blockage in Position 4 to 12 compared to Position 0) is about 12 dB. Table I. Measurement results of mmWave V2V channels at 60 GHz.
	
	LOS
	NLOSv

	
	Mean
	Variance
	Mean
	Variance

	DS (ns)
	49.81
	29.19
	67.82
	60.93

	Shadow Fading (dB)
	
	0.16
	-12.20 (mean vehicle blocking loss)
	3.61

	K-factor (dB)
	10.68
	0.85
	-5.57
	10.53

	AS of Arrival (degree)
	18.40
	2.56
	48.97
	4.26

	AS of Departure (degree)
	31.09
	3.99
	41.90
	19.80


Observation 2: The impact of vehicle blockage on received signal power at 60 GHz center frequency is significant. In case when blocking vehicle is a van, mean vehicle blocking loss of approx. 12 dB is observed across measurement positions.

Observation 3: Fast fading parameters for LOS and NLOSv links differ considerably and consistently. NLOSv links experience higher DS. NLOSv links also have significantly increased angular spread.

5 Discussion
As mentioned in Section 7.6.4 of [2], blockage models A and B in [2] are not intended to change the state of the link. Furthermore, since in both models A and B the vehicle blockers are dropped randomly, we cannot guarantee that any of them is placed on the LOS path. Finally, the distance between Tx and Rx in V2V links can be hundreds of meters, and blocking vehicles can occur at any point between Tx and Rx. To calculate the blocking of each subpath with blocking models A and B would require very high complexity.
Given the above and taking into account results shown in Table I, we conclude that:

· LOS and NLOSv links have different shadow and fast fading characteristics. 
· Training the existing blockage models A and B to realistically reflect modified shadow and fast fading characteristics for NLOSv links would be very complicated. 
Therefore, we argue that, instead of using Blockage models A and B to incorporate vehicle blockage, it is both easier and less computationally complex to provide another state - NLOSv, with its own large scale and fast fading parameters that can be adjusted based on the structure in [2]and taking into account V2V measurements in relevant frequency bands. In this contribution, we presented some preliminary results towards this goal. 
Proposal 1: In addition to LOS and NLOS and as indicated in [3], introduce another propagation state to model the sidelink channel: LOS blockage due to vehicles (NLOSv), with its own set of large scale and fast fading parameters derived from V2V measurements in relevant frequency bands.
6 Conclusion
This contribution discussed the V2V measurements in 60GHz center frequency, with main focus on the effect of vehicle blockage. The main observations and proposals are shown below.

Observation 1: Unlike in case of NLOSb (NLOS due to blockage by buildings), in NLOSv state the LOS cluster will often contribute non-negligible energy to the received signal.
Observation 2: The impact of vehicle blockage on received signal power at 60 GHz center frequency is significant. In case when blocking vehicle is a van, mean vehicle blocking loss of approx. 12 dB is observed across measurement positions.

Observation 3: Fast fading parameters for LOS and NLOSv links differ considerably and consistently. NLOSv links experience higher DS. NLOSv links also have significantly increased angular spread.

Proposal 1: In addition to LOS and NLOS and as indicated in [3], introduce another propagation state: LOS blockage by vehicles (NLOSv), with its own set of large scale and fast fading parameters derived from V2V measurements in relevant frequency bands.
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