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1 Introduction
This paper gives our latest V2V field trial results on 39GHz with passive widebeam antenna). It shows mmWave works well in the distance range of 100 meters without advanced beamforming techniques. 

2 Field Trial Setup
Overview:
[bookmark: _GoBack]The target of this field trial is to test the mmWave (39GHz) propagations for vehicle to vehicle communication scenario. In particular, it is to verify the effective range of V2V communication in 39GHz without advanced beam-forming to boost the signal. This field trial was performed at the end of spectrum drive, Austin, Tx (See figure below). A straight line (100m) was marked on the ground with transmitter vehicle placed to the west end. The Rx vehicle is placed at variable distance along the line. 
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Figure-1: Illustration of the filed measurement setup. 
Hardware:
	PANDA (Propagation And Network Data Acquisition system) is a hardware tool that can measure and log channel parameters such as RSRP, pathloss, PDP, location, acceleration, heading, etc. The transmitter RF (includes antenna) is placed on a hitch cargo carrier to emulate vehicle bumper antenna. A separate cart is placed next to the Tx vehicles to carry transmitter and battery for the power supplies. The receiver RF (including antenna) is also placed on a hitch cargo carrier attached to the testing Van. Where the receiver and computer is located inside. Van has an embedded power generator thus it’s fully capable of moving during the entire test. Both Tx and Rx has embedded GPS to measure the real time location of the devices. Rx
Tx
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Figure.2: PANDA photo (left is Tx and RF, right is Rx and RF)
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Figure-3: photo of Tx and Rx vehicles with “bumper” antennas
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Figure-4: Inside of the testing Van (Rx vehicle)
 As the target of this field trial is verify the communication range of mmWave based V2V without advanced beamforming techniques. Basic wide beam antenna is used at transmitter side and omni-directional antenna is used at receiver side. The detail of the parameters can be found in below table: 
Table-1: detail parameter for the field trial
	Carrier Frequency
	39GHz

	Signal Bandwidth
	50MHz

	Tx Power
	23dBm

	Tx Antenna:
	Directional

	Tx beamwidth 
	115° in azimuth and 60° in elevation

	Front-back ratio
	26 dB

	Antenna gain
	6 dB

	Rx Antenna
	Omni-Directional with 2dB gain

	Rx Processing Gain
	47dB

	Rx Noise Figure
	2.5dB

	Measurement report periodicity
	1 ms

	Tx Bumper height
	~0.5m

	Rx Bumper height
	~0.75m



3 Test-1: Distance and blockage effect
In test-1, Rx vehicle drives away from Tx along the line. A blocking vehicle (SUV or Sedan) is placed at 1 meter away (bumper to bumper) from Transmitter vehicle. As a comparison baseline, LOS (no blocking vehicle) case is also tested. 
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Figure. 5 Illustration of test case-1
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Figure. 6 A Sedan blocks the Tx vehicle at 1 meter distance
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Figure. 7 RSRP power along with the distance between Tx and Rx
Note: all the RSRP values comes from averaging of multiple measurement instances within a time window

As illustrated in figure above, the RSRP is aways above -100dBm which leads to a very good reception signal quality. Also, the blockage effect is clearly observed since LOS RSRP is clearly higher than Sedan blocking or SUV blocking. Thus we have the following observations:

Observation-1: Even with basic wide beam antenna, RSRP is significantly above noise floor even at 100m range with blockage. 
Observation-2: When Tx and Rx are at short distance (0-50m), vehicle blockage effect is obvious (~5-7dB of RSRP loss) while at long distance (50-100m), vehicle blockage effect is not obvious

4 Test-2: Vehicle cut LOS in intersection
Test-2 is to emulate a blocking vehicle cut through the LOS line. This usually happens in inter-section case, where Tx and Rx vehicle are waiting for the traffic light. The blocking vehicle (A sedan or SUV) drives at slow speed to cut the LOS line between Tx and Rx vehicles with different distance. 
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Figure. 8 Illustration of test-2 setup
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Figure. 7 Screen copy of two frames from the video of blocking SUV cut through the LOS
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Figure. 9 RSRP along the timeline for the vehicle cutting the LOS
Note: all the RSRP values comes from averaging of multiple measurement instances within a time window (50ms in this case)

The 4 blue curves in the figure above are from a Sedan cutting through the LOS, while the 4 red curves are the SUV case. 
Within each group, 4 curves are corresponding to different Tx and Rx vehicle distance (10, 15, 30 and 50 meters correspondingly). Based on the results, we have the following observations: 

Observation-3: Clear knife-edge effect is observed when a vehicle cut through the LOS.
Observation-4: With larger Tx/Rx distance, blockage effect and knife-edge effect are both less significant 

5 Test-3 Vehicle Platooning
In test-3, a platoon was formed up between Tx and Rx vehicles in a line to test the blockage effects from multiple blockers. Vehicles are placed with 5m distance between each other (bumper to bumper). The distance between Tx and Rx vehicle depends on the number of vehicles in between as well the length of each vehicle. Also, the RSRP results of LOS at the same distance is given as comparison. 
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Figure. 10 Illustration of vehicle platooning test case
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Figure. 11 Panorama photo of vehicle platoon


[image: ] [image: ]
Figure. 12 RSRP corresponding to # of vehicle in platoon (left). Photo of 7th vehicle deviated from the line (right)

Note: all the RSRP values comes from averaging of multiple measurement instances within a time window
In particular, we accidently placed the 7th vehicle a little off from the platooning lane, see above picture. Interestingly, we observed the RSRP goes up after 7th vehicle added into the platoon. Our explanation is that the 7th vehicle actually brought up some knife-edge effect (observed from case-2) since the 7th vehicle is a little off from the platooning lane.  

Observation-5: The first blocking vehicle in the platoon adds obvious blockage effect. And additional vehicle only introduce marginal blockage effect. 
Observation-6: When a vehicle is placed slightly deviated from the platooning lane, such as the 7th vehicle in case-3. It may create knife-edge effect which introduces additional gain to the received power. 
Observation-7: With 7 vehicles in the platoon, receiving signal strength is still very good (RSRP > -100dBm)

6 Comparing with the channel model in TR37.885
Based on the field measurement, we derive the pathloss from field measurement and compare it with TR37.885 channel model, see figure below. Clearly, the LOS curve generally fit the existing channel model, however, the blockage effect is significantly less than the model from TR37.885. The field measurement shows a 5-7 dB loss blockage loss while it is 12.5dB mean in current channel model. 
Proposal: Consider a smaller mean value for blockage loss, e.g. ~6 dB in TR37.885
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Figure. 13 Pathloss from field measurement in comparison with TR37.885


Meanwhile, some companies suggested to consider additional blockage loss for larger distance case. The motivation is that the chance of having multiple blockers will increase with larger distance between Tx and Rx. While agreeing with such hypothesis, we are not sure whether the blockage effect will really significantly increase with more blockers in between Tx and Rx. Below are two reasoning: 
1. Blockage model was introduced in NR channel model (TR38.900/901) based on the measurement results. The main purpose is to model one or multiple close-by objects blocking the radio propagation paths with a large range of arrival angles. That’s why the blockage modelling effectively change the PDP associated with different AOA. With large distance between the blocker and Tx/Rx, the blocking angle range is much smaller which means a less significant blockage effect. (see figure below). In fact, when the distance between blocker and Tx/Rx are large enough, the blockage effect becomes part of the overall signal propagation environment which is modelled by shadow fading. In another words, even if there are more blockers between Tx and Rx, only the blockers which are closed to Tx and Rx matter in terms of blockage effect. The blockers in middle is already modelled as part of the overall propagation loss. 
[image: ]
Figure. 14 Illustration of blockage effect from object close-by and far-away

2. Another reason is the knife-edge effect where the blockers close to the LOS line might create additional reflection which might boost the receiving power. With large Tx and Rx distance, there might be more blockers in between. Since those blockers are randomly placed, it’s likely that some of the blockers might bring gain stead of loss to the final propagation. Thus it’s hard to conclude that more blockers means more blockage loss. 

Observations-8: It’s likely to have more blockers between Tx and Rx when at larger distance. However, it’s not necessarily true to have more blockage effect because: 1. Only the blockers close to Tx and Rx matter most. 2. Some blockers might bring gain due to knife-edge effect.  
7 Conclusion
This paper summarizes the V2Vfield trial we conduct in 39GHz using wide beam antenna. 
Observation-1: Even with basic wide beam antenna, RSRP is significantly above noise floor even at 100m range with blockage. 
Observation-2: When Tx and Rx are at short distance (0-50m), vehicle blockage effect is obvious (~5-7dB of RSRP loss) while at long distance (50-100m), vehicle blockage effect is not obvious
Observation-3: Clear knife-edge effect is observed when a vehicle cut through the LOS.
Observation-4: With larger Tx/Rx distance, blockage effect and knife-edge effect are both less significant 
Observation-5: The first blocking vehicle in the platoon adds obvious blockage effect. And additional vehicle only introduce marginal blockage effect. 
Observation-6: When a vehicle is placed slightly deviated from the platooning lane, such as the 7th vehicle in case-3. It may create knife-edge effect which introduces additional gain to the received power. 
Observation-7: With 7 vehicles in the platoon, receiving signal strength is still very good (RSRP > -100dBm)
Observations-8: It’s likely to have more blockers between Tx and Rx when at larger distance. However, it’s not necessarily true to have more blockage effect because: 1. Only the blockers close to Tx and Rx matter most. 2. Some blockers might bring gain due to knife-edge effect.  

Proposal-1: There is no need to have full-blown beam management in NR V2X for FR2. Simple version of “beam management” can be considered to support some special vehicle antenna cases, e.g. select between front and back bumper antennas. 
Proposal-2: Consider a smaller mean value for blockage loss, e.g. ~6 dB in TR37.885
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