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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN plenary meeting, a Study Item on evaluation methodology of new V2X use cases for LTE and NR was agreed [1]. In order to investigate the propagation channel for the side link above 6 GHz, we setup channel measurement at three different cities, which in Ilmenau, Chengdu, and Beijing. In the measurement campaign, the LOS, NLOS by building and trees, NLOS by vehicle cases are investigated. In this contribution, we will introduce the measurement campaign configuration, sounder setups and the measurement results to investigate the propagation characteristic for V2X side link above 6 GHz.
This contribution is revised from [2].
Germany measurement campaign
Scenario1 urban grid and measurement setups in Ilmenau
Five channel measurement campaigns (indicated as C1-C5, C7) related to vehicle blockage and one (indicated as C6) related to building blockage have been carried out in the campus of the Technische Universität Ilmenau, Germany, at carrier frequencies of 6.75, 30 and 60 GHz. A dual-polarized ultra-wideband multi-channel sounder was used, 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 scenario was a “T” intersection in an urban environment with parked cars, multi-story buildings, and lampposts as shown in Figure 1. 
In C1-C3, two parked cars were present during the measurements to increase the scattering effects. A third car, denominated blocking vehicle, was located in 15 different positions (Position 1-15 as indicated in Figure 1.) emulating an overtaking situation. Further, a Position 0 has been defined to indicate the case without the presence of the third car (the blocking vehicle). All the measurements were performed in as static scenario as possible by restricting the access of the streets. The Tx and Rx antennas were 44 m apart, emulating two cars communicating to each other. The antennas were located at two possible heights, emulating two possible antenna locations at cars: 1) Rooftop level antennas (1.55 m for the 30 GHz and 60 GHz bands, and 1.66 m for the 6.75 GHz band); 2) Bumper level antennas (0.75 m for the 30 GHz and 60 GHz bands, and 0.86 m for the 6.75 GHz band). Further, two types of blockers were used: 1) Small blocker (A Volkswagen Sharan - normal car); 2) Big blocker (a MB Sprinter - a delivery van). The following configurations have been used in C1-C3: C1 – Rooftop antennas and small blocker; C2 - Rooftop antennas and big blocker; C3 – Bumper antennas and small blocker.
[image: ]
[bookmark: _Ref505077076]Figure 1. Measurement scenario and set up of C1-C3 in the campus of TU Ilmenau.
The campaigns C4, C5, C6, and C7 use only rooftop antennas. Figure 2 shows the scenario of C4, where the Tx was located in a fixed position and the Rx was moved away from 19 meter to 44 meter in 5 meter steps. A big blocking vehicle is located between Tx and Rx, with a fixed distance of 9.4 meter to the Tx. Two passenger cars are parked around the Tx. C7 is an extended version of C4, where the Rx was moved from 17 meter to 57 meter in 5 meter steps.
[image: ]
[bookmark: _Ref505077104]Figure 2. Measurement scenario and set up of C4 in the campus of TU Ilmenau.
Figure 3 shows the scenario of C5, where the Tx and Rx were located at fixed positions, with a Tx-Rx distance of 76.9 meters. Three different measurements were performed: A direct LOS, one blocking vehicle (big), two blocking vehicles (big and small). The distances of the first and second blocking vehicles to the Tx are 10.5 meters and 14.9 meters, respectively.  There were also parked cars in the surrounding area.
[image: ]
[bookmark: _Ref505083315]Figure 3. Measurement scenario and set up of C5 in the campus of TU Ilmenau.
Figure 4 shows the scenario of C6, where the Tx and Rx were located around the corner of a building. The Tx was fixed, while the Rx had different locations with 10 meter distance between neighboring ones. Position 1 represents LOS, position 2 represents a NLOS (obstructed LOS) by foliage, and position 3-5 NLOS by building. There were also two cars parked around the corner.
[image: ]
[bookmark: _Ref505083586]Figure 4. Measurement scenario and set up of C6 in the campus of TU Ilmenau.
Ilmenau measurement results
Here, we first show some examples of the power delay profile (PDP) and then focus on the analysis of the effect of blockage, especially by vehicle. Finally, some selected fast fading results are also shown.
Examples of Power Delay Profile (PDP)
The synthetic omni-directional PDP of each band for the Position 1 (as indicated in Figure 1) and Position 5 are plotted in Figure 5. All the plots normalized to the LOS component of the case where no vehicles are present. The dynamic range threshold of 25 dB is also displayed in dashed lines, which is used to identify the visible multipath components for a communication receiver and to calculate the delay spread. From Figure 5, we can clearly see strong multipath propagation. The actual scatterers in the environment (e.g. building A etc.) are identified and indicated in Figure 5.
[image: ]
[bookmark: _Ref506208971]Figure 5. Synthetic Omni-directional PDP for (a) Position 1, and (b) Position 5 in C1.

The effect of the blockage on LOS and scatterers in the PDP can be observed in Figure 6. In Figure 6 (a), where
the blocking vehicle is on the left-hand side of the Rx (Position 4), it can be observed that the reflection from the building A is attenuated, while the parked car 2 is still visible. In Figure 6 (b), where the blocking vehicle is in front of the Rx, i.e. blocking the LOS (Position 5), it can be observed that the building A component appears again, while the components of  LOS, parked car 1, parked car 2, and lamppost 3 are attenuated.
[image: ]
[bookmark: _Ref506212076]Figure 6. Detailed synthetic Omni-directional PDP for (a) Position 4, and (b) Position 5 in C1.
Results about additional loss due to vehicle blockage
The received power for the different positions and measured bands with the synthetic omni-directional antenna of scenarios C1, C2 and C3 are shown in Figure 7, Figure 8 and Figure 9. The received power is normalized to the LOS position (indicated as Position 0c), i.e. without the blocking vehicle but with the two parked cars. First, it can be observed that with rooftop antennas, in general, the higher the frequency, the higher the blockage loss. However, interestingly, with bumper antennas, a reverse trend is observed, i.e. 60 GHz has the lowest blockage loss. This may be explained by the ground reflection at 60 GHz that may well propagate below the blocking vehicle, when bumper antennas are used. Second, with rooftop antenna, the larger the blocking vehicle, the higher the blockage loss. The blockage loss difference between a passenger car and a truck as blocking vehicle ranges from 1 to 6 dB , depending on the location of the blocking vehicle between the Tx and Rx. Third, the closer the blocking vehicle to the middle of Tx and Rx, the lower the blockage loss. When the blocking vehicle is in the middle of the Tx and Rx, the lowest blockage loss can be observed for all frequencies. Furthermore, at this specific position, 30 GHz and 60 GHz have lower blockage loss than 6.75 GHz. Especially with bumper antennas, 60 GHz has even no blockage loss at this position. Finally, the highest blockage losses at all frequencies are observed at positions where the blocking vehicle is closest either to the Tx or the Rx.
[image: ]
[bookmark: _Ref501555932]Figure 7. Received power in the different Positions in scenario C1, at 6.75, 30 and 60 GHz.
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[bookmark: _Ref501556036]Figure 8. Received power in the different Positions in scenario C2, at 6.75, 30 and 60 GHz.
[image: ]
[bookmark: _Ref501556044]Figure 9. Received power in the different Positions in scenario C3, at 6.75, 30 and 60 GHz.
Table 1, Table 2 and Table 3 summarize the maximum-, minimum- and the mean blockage loss of different frequencies, blocking vehicle sizes and different antenna positions, respectively.
[bookmark: _Ref505610348]Table 1. Maximum blockage loss under different conditions and at different frequencies (dB).
	
	6.75 GHz
	30 GHz
	60 GHz

	C1: Rooftop; Small blocker
	7.69
	9.56
	10.72

	C2: Rooftop; Big blocker
	13.94
	13.68
	16.02

	C3: Bumper; Small blocker
	15.78
	15.64
	15.20



[bookmark: _Ref505610376]Table 2. Minimum blockage loss under different conditions and at different frequencies (dB).
	
	6.75 GHz
	30 GHz
	60 GHz

	C1: Rooftop; Small blocker
	4.34
	4.09
	3.59

	C2: Rooftop; Big blocker
	5.71
	5.30
	4.91

	C3: Bumper; Small blocker
	10.28
	5.94
	-0.62



[bookmark: _Ref505610383]Table 3. Mean blockage loss under different conditions and at different frequencies (dB).
	
	6.75 GHz
	30 GHz
	60 GHz

	C1: Rooftop; Small blocker
	5.40
	6.29
	8.25

	C2: Rooftop; Big blocker
	8.75
	10.61
	12.00

	C3: Bumper; Small blocker
	12.04
	9.90
	7.12



Figure 10 compares the blockage effect on the received power at 60 GHz for C1, C2 and C3 scenarios. As seen, both the antennas height and size of the blocking vehicle affect the blockage loss. In general, a similar trend is seen for all scenarios. However, we can observe a maximal drop of around 15 dB in C2 and C3 in the Position 5, but around 11 dB in C1, meaning that highest loss can be expected either due to large blocking vehicle (truck) or due to low position of antenna (bumper). When the blocking vehicle is in the middle of the Tx and Rx, minimum blockage losses can be observed, among which the lowest blockage loss (actually no loss) is achieved with bumper antenna. No matter which antenna is used, the blockage loss with a big blocking vehicle is always higher than the one with a small blocking vehicle. 
[image: ]
[bookmark: _Ref501556300]Figure 10. Received power in the different Positions in all scenarios C1, C2 and C3, at 60 GHz.

Figure 11 shows the additional blockage loss with different Tx-Rx distances and fixed blocking vehicle position to the Tx distance (9.4 m). The additional blockage loss is calculated by comparing the Rx power at each position between the cases with and without the blocking vehicle. As seen, for 6.75 GHz and 60 GHz, a general slightly decreasing trend of additional blockage loss, as Tx-Rx distance increases, can be observed. However, the reverse case is observed for 30 GHz. Furthermore, some fluctuation of the additional blockage loss can be seen as the Tx-Rx distance varies. While the difference between maximum and minimum values ranges between 3-7.8 dB, a clear relationship with the Tx-Rx distance is not evident. Therefore, we conclude that the Tx-Rx distance is not a significant factor for blockage loss modelling.
[image: D:\Huawei_Relevant\Channel_Measurement_Modelling_Projects\Car2Car Measurement\3GPP_SI_2017_Measurement_Modelling\Naveed_Parameter_Extraction\C7_Additional_Blockage_Loss_plot.bmp]
[bookmark: _Ref509568144]Figure 11 Additional blockage loss measured from C7
Figure 12 shows the normalized Rx power with different numbers of blocking vehicle(s) in C5, where the Tx-Rx distance is fixed, and the number of blocking vehicles varies between 1 and 2. As seen, for all frequencies, adding a big blocking vehicle as the second blocking vehicle in addition to a first small blocking vehicle leads to significantly increased blockage loss. While the losses of 6.75 GHz and 30 GHz are similar, the one of 60 GHz is significantly larger. The larger the number of blocking vehicles, the larger the difference between the blockage losses at 60 GHz compared to those at 6.75 GHz and 30 GHz. Interestingly, with one blocking vehicle, the blockage loss of 30 GHz is even slightly lower than that of 6.75 GHz.
[image: ]
[bookmark: _Ref505613432]Figure 12. Additional loss with 1 and 2 blocking vehicles in C5.
Figure 13 shows the additional blockage loss due to foliage and due to building. Interestingly, the blockage loss due to foliage reduces as the frequency increases. However, due to limited number of measured positions, this observed trend is maybe not representative. Regarding blockage by building, the maximum blockage losses at 6.75 GHz and 30 GHz are around 14 dB, while that at 60 GHz is around 18 dB, i.e. 60 GHz experiences a much higher blockage loss by building. Table 4 summarizes the maximum blockage loss of different blockage types in the above measurements. It can be observed that for 6.75 GHz and 30 GHz, the maximum blockage losses by building and by vehicle have similar values, while for 60 GHz, the blockage loss by building is considerably higher than that by vehicle. 

[image: ]
[bookmark: _Ref505614372]Figure 13. Additional loss due to blockage by foliage and building in C6.
[bookmark: _Ref505615343]Table 4 Mean blockage loss due to foliage/building/vehicle at different frequencies (dB)
	Blockage Type
	6.75 GHz
	30 GHz
	60 GHz

	Foliage
	5.14
	3.59
	1.12

	Building
	14.22
	14.54
	18.08

	Vehicle (Rooftop antenna)
	13.94
	13.68
	16.02

	Vehicle (Bumper antenna)
	15.78
	15.64
	15.2



Selected angular spread results
The marginal PAP of the positions 0 and 5 in C2 are shown in Figure 14 and Figure 15, respectively. While position 0 represents the LOS scenario, position 5 represents the scenario with vehicle blockage. Figure 16 (a) and (b) show the azimuth spread at the Rx and Tx of each position, respectively. As can be seen from Figure 14, Figure 15 and Figure 16, vehicle blockage causes increase in azimuth spread. Further, the closer the blockage vehicle is to the Tx or Rx, the more increase the azimuth spread at the Tx or Rx will have, respectively.
[image: ]
[bookmark: _Ref506213089]Figure 14. Marginal power azimuth profile at (a) Rx and (b) Tx for the Position 0 in C2.

[image: ]
[bookmark: _Ref506213091]Figure 15. Marginal power azimuth profile at (a) Rx and (b) Tx for the Position 5 in C2.
[image: ]
[bookmark: _Ref506214162]Figure 16. Azimuth spread at the (a) Rx and (b) Tx for the different positions and bands in C2.

Chengdu measurement campaign
Measurement Scenario in Chengdu
Urban environment
The urban grid measurement is carried in L3 Huawei base, Chengdu, China. It is a typical urban grid road environment with the regular building around the road. The building is about 9 meters high. 
The LOS and blockage environment are shown in Figure 18, on the right side of the road located the building and some lamp along the road. While the left side there are some parking cars along the road during the measurement campaign. In the LOS measurement, the Transmitter is fixed in one position, and the Receiver is moving backwards to the Transmitter with 2 meter steps. The blockage measurement is based on the LOS case with the blockage vehicle in the middle of the transmitter and receiver. For comparison, the Tx and Rx position in blockage measurement is the same with LOS case. The Figure 17 explicates the detail configuration for blockage measurement. D_Tx is fixed to 20m for the measurements, and the step of the D_Rx is 2m while the Rx moving.


[bookmark: _Ref505590353]Figure 17. Measurement methodology for blockage.

[image: ]
[bookmark: _Ref505526094]Figure 18. LOS and blockage measurement at urban grid.
The NLOS case is carried at an intersection environment as the Figure 19 depicts. The Tx is fixed in one road, and the Rx is moving far away toward the Tx in the perpendicular road of the intersection. 
[image: ]
[bookmark: _Ref505590569]Figure 19. NLOSb measurement at urban grid.
Highway scenario
The highway measurement campaign is carried on the Binghe road in Chengdu, China. The highway road is a typical bi-directional 8-lane road which has a speed limit of 80 km/h. We took the measurement on the side lane that is adjacent to the green belt. Figure 20 depicts the detailed environment. Unlike the urban grid environment, there is some traffic during the measurement campaign, thus, it is a dynamic environment for the highway measurement. The measurement methodology is the same as the urban grid measurement. However, in the NLOSb environment, there is no building nearby, thus, some trees and vegetation can block line of sight propagation at a curve on the road. For the blockage measurement, D_Tx is 38m, and D_RX step is 8m.
[image: ][image: ]
[image: ]
[bookmark: _Ref505591427]Figure 20. Measurement in highway (left top: LOS, right top: blockage, bottom: NLOSb).
Measurement setups
In Chengdu, the measurement frequency is carried out at 73GHz with 614MHz bandwidth. The Tx and Rx are configured with 4 horn antennas with 30 degree HPBW. The physical angle between horn antennas is also 30 degrees, thus, the whole scan range is 120 degrees. Figure 21 depicts the Tx and Rx sounder configuration. The sounder is mounted on the rooftop of the vehicles. The Tx is a small van about 1.8m height, and the Rx is a SUV about 1.5m height. In order to avoid the antenna pattern coupling with the body of the car, the antenna is about 15cm higher than the top of the car body.
[image: ]
[bookmark: _Ref505592428]Figure 21. Sounder configuration for Tx and Rx.
Chengdu measurement results

Figure 22 and Figure 23 depict the measurement results for the urban and highway scenario, respectively. A linear increase path loss with TR distance in the can be observed in the vehicle to vehicle link at millimeter wave.  For the NLOSb case, there is an average 10dB additional propagation attenuation loss, compared with the LOS case.
[bookmark: _Ref505604730][image: ]
Figure 22. NR V2X measurement results for LOS and NLOSb at urban environment
[image: ]
[bookmark: _Ref505606987]Figure 23. NR V2X measurement results for LOS and NLOSb at urban environment.
Beijing measurement campaign
Scenario3 urban grid in Beijing
Test address: No. 52, North garden Road, Haidian district, Beijing, China.
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Figure 24. Scenario3 Urban Grid in Beijing.

Measurement setups
1. The Test instruments and equipments are shown in Table 4.1.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Table 4.1. Test instrument and equipment.
	Instrument and equipment
	Parameters

	Microwave signal generator: Agilent N5183A 
	The maximum transmit power is 15 dBm，and the frequency range is 9 kHz ~ 40 GHz.

	Coaxial cable
	The loss is about 6 dB.

	Spectrum Analyzer: Agilent E4447
	The test frequency is up to 40 GHz, and in this test scenario, if RBW is small enough, the test results are credible when the input power is larger than -125 dBm.

	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Two UWB omnidirectional antennas
	1.6 GHz to 50 GHz
The gain is around 2 dBi in the whole band.
 Linear polarization.

	Microwave power amplifier
	26 GHz ~ 40 GHz
Output power is 46 dBm.

	Automatic test control software and computer
	Self-development

	Two laser collimators
	Green laser

	Car
	Four (two of them have skylights)

	SUV car
	One


2. The antennas are placed on the roofs of two cars (Tx and Rx). The test frequency is setup around 30 GHz. In order to improve the reliability of the test data and observe the effect of frequency selection, the test frequency is set up as 30 GHz (11 frequency points, ± 250 MHz), and 39 GHz (11 frequency points, ± 250 MHz). 
Four test scenarios are discussed: 1) There is no blocking between the two cars. 2) There is a car blocking propagation between the two cars. 3) There are two cars blocking propagation between the two cars. 4) There is a SUV between the two cars. 

Beijing results
1. There is no blocker between Tx and Rx.
The measurement results are shown in the following figures.
[image: ]
[image: ]
Figure 25. V2V measurement, no blocking.
2. There are blockers exist between Tx and Rx.
When one blocker exists between Tx and Rx, the measurement result is shown in Figure 25.
[image: ]
Figure 26. V2V Measurement: median path loss in time domain.
When two blockers exist between Tx and Rx, the measurement result is shown in Figure 26.
[image: ]
Figure 27. V2V measurement, Tx-Rx distance=30m. Antenna bottom over roof 10cm.

When a SUV exists between Tx and Rx, the measurement result is shown in Figure 27.
[image: ]
Figure 28. V2V measurement, Tx-Rx distance=30m. Median path loss in time domain.

Based on the measurement results of these three cases, the median and variance of the extra loss induced by the blocked car is listed below. It could be seen from the test results that no matter what position SUV placed, LOS are obscured by the front and rear glass, which is common in SUV scene. While other scattering effects are random.

Conclusion
In this contribution, we have introduced the measurement campaign and results from three different cities, some findings can be observed as follow:
Observation 1: For the vehicle blockage status, the large size blocker gives intense blockage loss than small size blocker.
Observation 2: The delay and angular spread will increase due to the vehicle blockage.
Observation 3: The linear propagation loss with distance in the logarithm domain can be modeled.
Observation 4: the measurement provides the channel parameter for LOS, NLOSb and NLOSv in both urban grid and highway environment. 
Observation 5: With rooftop antennas, in general, the higher the frequency, the higher the blockage loss. With bumper antennas, a reverse trend is observed due to a strong ground reflection component that is less obstructed by vehicle body in higher frequencies;
Observation 6: The closer the blocker to Tx/Rx, the larger the blockage loss. The closer the blocker to the middle of Tx and Rx (i.e., the farther it is from Tx and Rx), the smaller the blockage loss. The smallest blockage loss is observed when the blocker is in the middle of Tx and Rx. In this case, 30 GHz and 60 GHz have lower blockage loss than 6.75 GHz. 
Observation 7: Although the variation in Tx-Rx distance causes fluctuation in additional blockage loss, the Tx-Rx distance is not a significant factor for blockage loss modelling;
Observation 8: For all frequencies, adding a big blocker as the second blocker in addition to a first small blocker leads to significantly increased blockage loss. The larger the number of blockers, the larger the difference between the blockage losses at 60 GHz compared to those at 6.75 GHz and 30 GHz;
Reference
[1] RP-171093, Study on evaluation methodology of new V2X use cases for LTE and NR, West Palm Beach, USA, June 5 – 8, 2017.
[2] [bookmark: _Ref510637456]Huawei, HiSilicon, “V2X sidelink measurement results”, R1-1801398, 3GPP RAN1#92, Athens, Greece, February 26th – March 2nd, 2018.
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