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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1 #92b meeting, the summary of offline discussion document for eV2X evaluation methodology [1] was agreed in the online session. Some key issues were agreed for the channel model on NR V2X, such as the three states for sidelink (LOS, NLOS, and NLOSv), path loss for LOS state, two options for NLOS state path loss. However, there are some open issues, such as fast fading parameters for both highway and urban for the three states, blockage loss model, Doppler model, etc. In order to complete the channel model in NR V2X, in this contribution, we will propose the channel model for the FFS issues based on the offline summary document.
Measurement results are summarized in the Appendix.
This contribution has been revised from R1-1805914 [13].
[bookmark: _Ref129681832]Path loss in NLOS status for NR V2X
Based on the agreement in [1], there are two options discussed for NLOS status path loss equations as below: 
The Option 1 is based on the WINNER+ UMI B1 model proposed in [3]. The Option 2 is based on the measurement results proposed in [4]. Figure 1 shows the analysis of path loss in NLOS status for side link.
Table 1 Path loss approval in RAN1 #92b
	LOS/NLOS
	Pathloss [dB]

	LOS
	For Highway case, PL = 32.4 + 20log10(d) + 20log10(fc)  (fc is in GHz and d is in meters)
For Urban case, PL= 38.77 + 16.7log10(d) + 18.2log10(fc) (fc is in GHz and d is in meters)

	NLOS
	FFS including
Option 1:
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Option 2: NLOS pathloss equation in R1-1803671
PL= 36.85 + 23.8log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters)
Other options are not precluded.


For Option 1, in order to calculate the path loss in option 1, we explore the maximum and minimum path loss by varying the d1 and d2 distance. When the d1= d2 the maximum path loss is observed (red curve in Figure 1), which is about 70dB worse than LOS case. When the d1 is equal to 1 meter, we get the minimum path loss (pink curve in Figure 1). Between the maximum and minimum value, a 20dB to 50dB deviation in the path loss for NLOS can be found from 50 meter to 500 meters, which means when the vehicle is moving in the street corner, the side link can experience 50dB propagation shadowing during the movement. Without further evidence to the contrary, such large deviation does not have a physical explanation and would artificially limit the application of NR V2X sidelink in NLOS. Additionally, at distances under approximately 80m, the minimum path loss is better than free space propagation, which is not consistent with physical propagation of electromagnetic waves.
Furthermore, the equation in Option 2 fitted using measurements collected in intersections with rich scattering environment, which resulted in considerable power contributed by specular reflections with single interaction. In certain cases, particularly at larger distances, such components might not be available. In such cases, the path loss exponent (PLE) might be increased. 

There is a significant previous work indicating that, where three are no significant single-interaction reflections/diffractions, the path loss ranges are between 2.5 and 3.5. For example, authors in [8] and [6] show PLE = 2.9, while [9] shows that 2.44 ≤ PLE ≤ 3.39 in urban environment. 
For above reasons, we propose to modify the Option 2 path loss equation so that it uses PLE = 3:
PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters)
[image: ]
[bookmark: _Ref512507169]Figure 1 Analysis of NLOS path loss in urban environment.
Based on the analysis above, we propose:
Proposal 1: Use the following path loss model for NLOS status in NR V2X side link: PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters).
Fast fading parameters for NR V2X side link
In [1],  for side link in urban and highway, the fast fading parameters of “UMi-Street Canyon in TR 38.901” were agreed as the starting point and it was noted these results need to be modified considering sidelink characteristics.
According to the above guidance and based on the real sidelink measurements, we modify some parameters based of “UMi-Street Canyon in TR 38.901” considering the sidelink characteristics.
In particular, since UMi-Street Canyon model applies to communication between base station and UE (i.e., not two UEs), the following parameters need to be revised for all three states (LOS, NLOS) in order to take into account the specific characteristics of the sidelink. Based on the V2V sidelink measurement results we performed, we make the following observations and proposals.
Observation 1: Due to smaller Tx-Rx distance and the significant impact of scatterers near both Tx and Rx, the delay spread parameters: in case of sidelink is reduced compared to UMi case. 
Proposal 2: Use measurement-based delay spread values for sidelink that show reduced delay spread compared to UMi case.
Observation 2: In case of sidelink, both Tx and Rx are of the same (UE) type and they have relatively low height of the antennas. In addition, both Tx and Rx exhibit similar scattering from nearby environment that is more significant compared to the case of base station. Therefore, the angular spreads (AOD and AOA) are considerably more similar than in the UMi case.
Proposal 3: Use the same set of measurement-based parameters for both AOD and AOA.
Observation 3: in urban environment, due to heavy multipath on the street level, the K-factor exhibited on V2V sidelink in case of LOS state is reduced. 
Proposal 4: use the sidelink-specific, reduced value of K-factor for urban environment.
Based on measurements and the above observations, Table 2 shows the resulting fast fading parameters for V2X sidelink for urban and highway scenario. In Table 2, in the case of values in square brackets, parameters are taken from UMi model in [7] (Table 7.5-6) for both urban and highway environment. Other values (i.e., those not in square brackets) are calculated based on measurements explained in Appendix A at the end of this document. 
[bookmark: _Ref501467798]Table 2. Fast fading parameters for V2V sidelink.
	Scenarios
	Urban
	Highway

	
	LOS
	NLOS
	NLOSv
	LOS
	NLOSv

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.2 log10(1+ fc) – 7.4
	-0.24 log10(1+ fc) - 6.83
	-0.3 log10(1+ fc) – 7
	-8.16
	-8.04

	
	lgDS
	-0.04 log10(1+ fc) – 8
	0.16 log10(1+ fc) + 0.28
	-0.2 log10(1+ fc) – 8
	-8.53
	-8.08

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	-0.1 log10(1+ fc) + 1.5
	-0.08 log10(1+ fc) + 1.81
	-0.1 log10(1+ fc) + 1.7
	1.39
	1.29

	
	lgASD
	-0.03 log10(1+ fc) + 0.9
	0.05 log10(1+ fc) + 0.3
	-0.3 log10(1+ fc) + 1.4
	0.59
	0.82

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.1 log10(1+ fc) + 1.5
	-0.08 log10(1+ fc) + 1.81
	-0.1 log10(1+ fc) + 1.7
	1.39
	1.29

	
	lgASA
	-0.03 log10(1+ fc) + 0.9
	0.05 log10(1+ fc) + 0.3
	-0.3 log10(1+ fc) + 1.4
	0.59
	0.82

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92
	-0.04 log10(1+ fc) + 0.92
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92

	
	lgZSA
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41
	-0.07 log10(1+ fc) + 0.41
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92
	-0.04 log10(1+ fc) + 0.92
	-0.1 log10(1+ fc) + 0.73
	-0.04 log10(1+ fc) + 0.92

	
	lgZSD
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41
	-0.07 log10(1+ fc) + 0.41
	-0.04 log10(1+ fc) + 0.34
	-0.07 log10(1+ fc) + 0.41

	Shadow fading (SF) [dB]
	SF
	2
	3
	
	4
	

	K-factor (K) [dB]
	K
	3.48
	N/A
	N/A
	9
	N/A

	
	K
	1.71
	N/A
	N/A
	3.5
	N/A

	Cross-Correlations 
	ASD vs DS
	0.6
	
0.8
	0.8
	0.8
	0.3

	
	ASA vs DS
	0.6 
	
0.8
	0.8
	0.8
	0.3

	
	ASA vs SF
	-0.3 
	
-0.3 
	-0.4
	-0.4
	-0.4

	
	ASD vs SF
	-0.3
	
-0.3
	-0.4
	-0.5
	0

	
	DS vs SF
	-0.5
	
-0.5
	-0.5
	-0.4
	-0.7

	
	ASD vs ASA
	0.4
	
0.1
	0.1
	0.8
	0.3

	
	ASD vs 
	-0.3
	N/A
	N/A
	-0.2
	N/A

	
	ASA vs 
	-0.3
	N/A
	N/A
	-0.3
	N/A

	
	DS vs 
	-0.2
	N/A
	N/A
	-0.7
	N/A

	
	SF vs 
	0.1
	N/A
	N/A
	0.5
	N/A

	Cross-Correlations
	ZSD vs SF
	0
	0
	0
	0
	0

	
	ZSA vs SF
	0
	0
	0
	0
	0

	
	ZSD vs K
	0
	N/A
	N/A
	0
	N/A

	
	ZSA vs K
	0
	N/A
	N/A
	0
	N/A

	
	ZSD vs DS
	0
	-0.5 
	-0.5 
	0
	-0.5 

	
	ZSA vs DS
	0.2
	0 
	0 
	0.2
	0 

	
	ZSD vs ASD
	0.5 
	0.5 
	0.5 
	0.5 
	0.5 

	
	ZSA vs ASD
	0.3
	0.5 
	0.5 
	0.3
	0.5 

	
	ZSD vs ASA
	0 
	0 
	0 
	0 
	0 

	
	ZSA vs ASA
	0 
	0.2 
	0.2 
	0 
	0.2 

	
	ZSD vs ZSA
	0 
	0 
	0 
	0 
	0 

	Delay scaling parameter r
	3
	2.1
	2.1
	3
	2.1

	XPR [dB]
	XPR
	9
	8.0
	8.0
	9
	8.0

	
	XPR
	3
	3
	3
	3
	3

	
Number of clusters 
	12
	19
	19
	12
	19

	
Number of rays per cluster 
	20
	20
	20
	20
	20

	
Cluster DS () in [ns]
	5
	11
	11
	5
	11

	
Cluster ASD () in [deg]
	3
	10
	10
	3
	10

	
Cluster ASA () in [deg]
	17
	22
	22
	17
	22

	
Cluster ZSA () in [deg]
	7
	7
	7
	7
	7

	Per cluster shadowing std  [dB]
	4
	4
	4
	4
	4

	Correlation distance in the horizontal plane [m]
	DS
	7
	10
	10
	7
	10

	
	ASD
	8
	10
	10
	8
	10

	
	ASA
	8
	9
	9
	8
	9

	
	SF
	10
	13
	13
	10
	13

	
	
	15
	N/A
	N/A
	15
	N/A

	
	ZSA
	12
	10
	10
	12
	10

	
	ZSD
	12
	10
	10
	12
	10

	fc is carrier frequency in GHz. Procedure for generating both ZOA and ZOD is the same and based on the ZOA procedure in 3GPP TR38.901.



Proposal 5: Use fast fading parameters from Table 2 for NR V2X side link.

Blockage loss model
Based on the measurement campaign in [2], we analyse the vehicle blockage for V2V sidelink as a function of Tx/Rx/Blocker distance, the number of blockers, and blocker size. Below we detail our analysis and propose a simple yet comprehensive model for additional blockage loss due to vehicles.   
Blockage effect as a function of Tx/Rx/Blocker distance
Figure 2 depicts the geometry of Tx/Rx/Blocker distance. In the measurement campaign, we fix the Tx and the blocker makes the d_Tx+blocker length as 20m, and move the Rx with the distance d_Rx. The Figure 3 shows the blockage loss with the d_Rx. We observe that when the d_Rx is under 6m, the blockage loss is considerably higher than average loss for larger d_Rx values, for which the loss curve is flat. Due to the car dimensions and driving safety requirements, in reality, d_Tx and d_Rx will be higher than 6m. Thus, we conclude that the values of d_Tx and d_Rx (i.e., the distance of the blocker from Tx and Rx) are not a critical factor affecting the blockage loss.


[bookmark: _Ref510621787]Figure 2. Measurement method for blockage.[image: ]
[bookmark: _Ref510621810]Figure 3. Additional loss for different d_Rx.
Observation 4: The distance of the blocker from Tx and Rx is not a critical factor affecting the blockage loss.
Blockage effect as a function of the Tx-Rx distance
Figure 4 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, 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]
Figure 4. Additional blockage loss with different Tx-Rx distances.
Observation 5: The Tx-Rx distance is not a significant factor for blockage loss modeling.
Blockage effect as a function of the number of blockers 
Based on the measurement campaign in [2] and summarized in Table 3 below, we performed measurements with truck, SUV, and passenger car blockers. We evaluated single-blocker and two-blocker scenarios.  The results show that, in the presence of truck blocker, car blocker creates additional loss of 0.51~2.14dB. In other words, the large blocker dominates the attenuation and the additional attenuation by smaller blocker is low. In case where there are two blockers of the same size, we observed that additional blocker introduces more significant attenuation: in case of both two SUVs and two trucks, the additional loss contributed to the second blocker was approximately 6 dB.
[bookmark: _Ref510621839]Table 3. Measurement results for multi-blockers.
	
	First blocker
	Mean blockage loss by one blocker (dB)
	Second blocker
	Mean blockage loss by two blockers (dB)

	Chengdu (73 GHz)
	Large vehicle
	10.49 
	Passenger car 
	11

	Germany (30 GHz)
	Large vehicle
	8.69 
	Passenger car
	10.83

	Beijing (30 GHz)
	SUV
	9.5
	SUV
	15.5

	Beijing (30 GHz)
	Large vehicle
	10.5
	Large vehicle
	16.5


Oobservation: irst blocker or the second blockert the truck blocker dominate the attunation whatever t only 0.51~2.2dB blockage lbservation 6: In case of multiple blockers of different size, the size of blocker has a more significant effect on blockage loss than the number of blockers, with the additional blocker contributing approximately 1 dB of additional loss. In case of multiple blockers of same size, additional loss is observed due to the second blocker with the value of approximately 6 dB.

Blockage effect as a function of blocker size
We also investigated the effect of the blockage loss of blockers with different size and as a function of Tx-Rx distance. We divide the blocker size into to two groups. One is the passenger car size blocker (blue dot) group, and the other is the large vehicle blocker (red dot) group. As shown in Figure 5, the large blocker results in considerably higher attenuation than the passenger size car blocker, irrespective of the distance between the Tx and Rx.
[image: ]

[bookmark: _Ref510621908]Figure 5. Blockage loss effect by blocker car size.
Observation 7: The vehicle blocker size has a critical effect on the vehicle blockage loss
Classification of blockage loss based on geometry between the Tx, Rx and the blocker
Based on the approval in [1], there are three different type of antenna height mounted on the vehicles.
o	Type 1 (passenger vehicle with lower antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 0.75 meters
o	Type 2 (passenger vehicle with higher antenna position): length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
o	Type 3 (truck): length 13 meters, width 2.6 meters, height 3 meters, antenna height 3 meters
Considering the geometry between the three type of antenna heights and taking into account two vehicle dimensions (i.e., small vehicle: length 5 meters, width 2.0 meters, height 1.6 meters; and large vehicle: length 13 meters, width 2.6 meters, height 3 meters), we classify the vehicle blocking into three cases shown below.
A:  The blocker height is definitely lower than both the Tx and Rx height.
In this case the blockage loss is negligible. One example for this case is when the blocker is a small vehicle and at least one of the Tx and Rx is Type 3. 
[image: cid:image002.png@01D3CC26.B319EA80]
[bookmark: _Ref510616785]Figure 8. Geometry for case A.
Case A applies in any case where the blocker is lower than the Tx and Rx line, for example when the Tx and Rx have different height, with blocker of height that is between Tx and Rx height and with the blocker located closer to whichever of Tx and Rx is taller (shown in Figure below). We note that Case A does not apply if either Tx or Rx (or both) is Type 1.

[image: cid:image005.png@01D3CC26.B319EA80]
Figure 9. Alternative geometry for case A.

B: The blocker height is between or similar to the Tx and Rx height. 
One example of this case is when all three vehicles are small vehicles (e.g. passenger cars) and both Tx and Rx are Type 2. Alternatively, all three vehicles could be large vehicles (e.g., trucks) and both Tx and Rx are Type 3. Case B shows that the blockage loss can be characterized relative to the height difference between Tx, Rx, and blocker, and is not necessarily a function of their absolute height. 
[image: ]
Figure 10. Geometry for case B.
Another example is when the blocker is a small vehicle, Tx is a Type 1 and the Rx is Type 3. The blocker may higher or lower than the Tx-Rx line, depending on its location. In this case, the blockage loss can be characterized as random variable that captures different options.
[image: ]
Figure 11. Geometry for case B.
C: The blocker height is definitely higher than the TX and RX height.
In this case, the blocker height is higher than the Tx-Rx line. One example for this case is when the Tx and Rx are small vehicles and the blocker is large vehicle, as shown in figure below. In this case the blockage loss is higher than Case B.
 [image: cid:image003.png@01D3CC26.B319EA80]
Figure 12. Geometry for case C.
Based on the analysis above and in line with the approval on last meeting: in NLOSv, a random variable is added to the path loss equation. We propose the random variables based on measurements and detailed in Table 4 below.
Above blockage situations were referring to the case of one blocker, which we designate as the “main” blocker. The main blocker will be the largest blocking vehicle between Tx and Rx. Additional blockers are of lower or same height as main blocker. For additional blockers, based on the measurement results shown in Table 3, we introduce the following:
· If second blocker is lower than the main blocker, add 1 dB of additional attenuation loss;
· If second blocker is of the same height as the main blocker, add 6 dB of additional attenuation loss;
· For any blockers beyond the second blocker, add 1 dB of additional attenuation loss;
· Additional blockers affect the mean loss only, not the standard deviation.
· Additional blockers apply in both case B and case C.
[bookmark: _Ref510622013]Table 4 the additional loss of blockage model for V2V side link
	scenarios 
	Option 3-6-2a 
	
	
	

	
	A
The main blocker height is definitely lower than both the TX and Rx height.

	B
The main blocker height is between or similar to the Tx and Rx height.
	C
The main blocker height is definitely higher than the TX and RX height.
	Additional loss due to second blocker of the same height as the main blocker
	Additional loss due to second blocker of lower height as the main blocker
	Additional loss due to third or any further  blocker of any size

	distribution
	
	Normal distribution N(Mu, Sigma)

	Urban grid 
	NLOSv 
	0 
	Mu = 5.86 dB
Sigma = 3.08 dB 
	Mu  = 10.24 dB
Sigma = 4.29 dB
	Mu  = 6 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB

	highway 
	NLOSv 
	0 
	Mu = 4.77 dB   
sigma = 4.26 dB 
	Mu = 15.39 dB   
sigma = 5.02dB 
	Mu  = 6 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB
	Mu  = 1 dB
Sigma = 0 dB



Proposal 6: For V2V side link, use the random variables in Table 4 for NLOSv blockage loss.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]LOS probability 
LOS probabilities for three states (LOS, NLOS, NLOSv) 
In addition to the different propagation characteristics of the LOS states, another important aspect is the probability of occurrence of each state. The contribution described in [5]. Analyzed in detail LOS probabilities, distinguishing LOS, NLOS, and NLOSv states. Real roads and realistic vehicular mobility in cities and on highway was used for evaluation.
Figure 13 shows the LOS probability curves for urban scenario. NLOSv probability reaches 45% when Tx and Rx are between 30 and 70 meters apart and is higher than NLOSb probability up to 100m. In highway scenario (Figure 14), NLOSv probability reaches 15%, 30%, and 40% at 100m, 200m, and 300m Tx-Rx distance, respectively.  
[image: ]

[bookmark: _Ref510621677][bookmark: _Ref512525549]Figure 13. LOS probabilities in urban environment.
Observation 8: Vehicles are the main cause of LOS blockage in urban environment for Tx-Rx distances below 80 meters.
[image: HwayMedNoNLOSbv2]
[bookmark: _Ref421869718]Figure 14. LOS probabilities on highway.

Observation 9: Vehicles are the main cause of LOS blockage in highway environment.

Table 5 shows the equations for highway and urban environment that were used to generate curves in Figure 13 and Figure 14.

[bookmark: _Ref501029182]Table 5. LOS probability equations for highway (straight highway only, no on/off-ramp) and urban environment
[image: ]
Proposal 7: Use equations in Table 5 to model the LOS probabilities for sidelink channels in highway and urban environment.
For the V2V links that were deemed as NLOSv using the probabilities in Table 5, the existence of additional blockers beyond the first blocker can be determined by iteratively and independently applying the NLOSv equations in Table 5. Since the probability of any subsequent blocker is exponentially decaying, for practical purposes the number of blocking vehicles can be limited to a reasonable value (e.g., maximum 5 blockers). For example, a V2V link in urban environment at Tx-Rx distance of 100 m has an approximately 0.3 probability of being in NLOSv state. Given that the link is in NLOSv state, the conditional probability that there exists a second blocker would then be 0.3 (0.31), conditional probability of third blocker is 0.09 (0.32), etc.
In summary, a simple procedure based on the stochastic approach for state change and blocker selection for a single simulation time step would be as follows:
a) Drop vehicles according to the agreed UE dropping options defined in 3GPP TR 37.885
b) For each Tx-Rx link:
a. Select the state based on equations in Table 5. 
b. If the state is NLOSv:
i. Select number of blockers based on equations in Table 5
ii. Assign the blocker type according to the propotion of specific vehicle type in selected UE dropping options from 3GPP TR 37.885
iii. Calculate blockage loss based Table 4 and the type of Tx, Rx, and blocker vehicle(s).
While for any specific link the stochastic blockage approach does not necessarily results in agreement with deterministically calculated blockage (i.e., in stochastic approach, a link might be deemed blocked even though there is no blocker between the dropped vehicles), provided that sufficient number of links are considered, the resulting blockage statistics will converge. Note that the same applies for the LOS/NLOS probability model for Uu link, where the building blockage is determined stochastically, irrespective of the geometry.
In addition to LOS probability, modeling the transitions between the states if particularly important for V2V sidelink, since the applications that will be supported by sidelink are most often related to safety, either directly (e.g., emergency braking, intersection collision avoidance application, etc.) or indirectly (e.g., platooning, lane-change maneuvers, etc.) and the communication can last in the order of tens of seconds (lane-changing) and even minutes (platooning). Therefore, a realistic and efficient state transition model is needed. In [5], Markov chains are used to efficiently model the time-dependent evolution of LOS blockage and transitions between LOS, NLOS, and NLOSv states for V2V channels. To calculate LOS and transition probability statistics, geometry-based deterministic simulations of LOS blockage are used and parameters from real cities and highways for LOS blockage and transition probabilities are extracted. Detailed explanation of the modeling approach and validation, including the state transition probability curves, can be found in [5].
Proposal 8: Model the transition probabilities between LOS, NLOS, and NLOSv using the equations listed in Table 3 in [5].
Since LOS, NLOS, and NLOSv states were shown to have distinct path loss, shadowing, large-scale, and small-scale parameters [6], when transitioning between states, it is necessary to avoid hard transitions in the adjacent channel realizations resulting from different path loss and fast fading parameters. To circumvent such hard transitions between all three states, the optional “soft LOS” state from [7] can be considered to determine the PL and the channel impulse responses containing characteristics of the preceding and following state. 
Proposal 9: Use the “soft LOS” state from [7] to model the channel impulse response during transitions between LOS, NLOS, and NLOSv states.

Doppler model for NR V2X sidelink
Previous measurement based studies on V2X sidelink have shown that mobile scatterers (vehicles) can introduce four times the Doppler shift of a single moving scatterer [10][11][12]. This is due to the compounding of Doppler shift of Tx, Rx, and the scattering (reflecting) vehicle, which can travel in direction opposite to Tx and Rx. Consider a highway scenario in Figure 15, where the scatterer is moving west to east and both Tx and Rx are moving east to west. For simplicity, assume that the absolute speed of Tx, Rx, and scatterer is the same and designated as v (i.e., in the number line coordinate system, we can say that the scatterer moves at –v and Tx and Rx move at v), we have the following maximum Doppler shift: Tx-to-scatterer: v-(-v)=2v and Rx-to-scatterer: v-(-v)=2v, resulting in the total Doppler shift of 4v.
[image: ]
[bookmark: _Ref513053378]Figure 15. Doppler in presence of moving scatterers

 To include the effect of mobile scatterers on Doppler for V2X sidelink channel, we propose the following model.
Doppler for the LOS path:

   
[bookmark: _Ref513115321](1)

   
(2)

   
(3)
Doppler for the delayed paths:
[bookmark: _Ref513115289](4)
where  is a random variable with uniform distribution from  to ,   is the maximum speed of a scatterer, and  () is a parameter to account for fixed scatterers. In case when , all scatterers are static (similar to with Rel-14).
Proposal 10: Use the Doppler model for dual mobility with moving scatterers for V2X sidelink channel according to equations (1) -(4).
Conclusion
In this paper, we propose the RAN1 accept the proposals for NR V2X channel model as below:
Proposal 1: Use the following path loss model for NLOS status in NR V2X side link: PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters).
Proposal 2: Use measurement-based delay spread values for sidelink that show reduced delay spread compared to UMi case.
Proposal 3: Use the same set of measurement-based parameters for both AOD and AOA.
Proposal 4: Use the sidelink-specific, reduced value of K-factor for urban environment.
Proposal 5: Use fast fading parameters from Table 2 for NR V2X side link.
Proposal 6: For V2V side link, use the random variables in Table 4 for NLOSv blockage loss.
Proposal 7: Use equations in Table 5 to model the LOS probabilities for sidelink channels in highway and urban environment.
Proposal 8: Model the transition probabilities between LOS, NLOS, and NLOSv using the equations listed in Table 3 in [5].
Proposal 9: Use the “soft LOS” state from [7] to model the channel impulse response during transitions between LOS, NLOS, and NLOSv states.
Proposal 10: Use the Doppler model for dual mobility with moving scatterers for V2X sidelink channel according to equations (1) -(4).
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Appendix A.  Measurement campaign
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 16. 
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 16.) 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 16. 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 17 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 17. Measurement scenario and set up of C4 in the campus of TU Ilmenau.
Figure 18 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 18. Measurement scenario and set up of C5 in the campus of TU Ilmenau.
Figure 19 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 19. 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 16) and Position 5 are plotted in Figure 20. 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 20, we can clearly see strong multipath propagation. The actual scatterers in the environment (e.g. building A etc.) are identified and indicated in Figure 20.
[image: ]
[bookmark: _Ref506208971]Figure 20. 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 21. In Figure 21 (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 21 (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 21. 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 22, Figure 23 and Figure 24. 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 22. Received power in the different Positions in scenario C1, at 6.75, 30 and 60 GHz.

[image: ]
[bookmark: _Ref501556036]Figure 23. Received power in the different Positions in scenario C2, at 6.75, 30 and 60 GHz.
[image: ]
[bookmark: _Ref501556044]Figure 24. Received power in the different Positions in scenario C3, at 6.75, 30 and 60 GHz.
Table 6, Table 7 and Table 8 summarize the maximum-, minimum- and the mean blockage loss of different frequencies, blocking vehicle sizes and different antenna positions, respectively.
[bookmark: _Ref505610348]Table 6. 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 7. 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 8. 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 25 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 25. Received power in the different Positions in all scenarios C1, C2 and C3, at 60 GHz.

Figure 26 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 26 Additional blockage loss measured from C7
Figure 27 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 27. Additional loss with 1 and 2 blocking vehicles in C5.
Figure 28 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 9 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 28. Additional loss due to blockage by foliage and building in C6.
[bookmark: _Ref505615343]Table 9 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 29 and Figure 30, respectively. While position 0 represents the LOS scenario, position 5 represents the scenario with vehicle blockage. Figure 31 (a) and (b) show the azimuth spread at the Rx and Tx of each position, respectively. As can be seen from Figure 29, Figure 30 and Figure 31, 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 29. Marginal power azimuth profile at (a) Rx and (b) Tx for the Position 0 in C2.

[image: ]
[bookmark: _Ref506213091]Figure 30. Marginal power azimuth profile at (a) Rx and (b) Tx for the Position 5 in C2.
[image: ]
[bookmark: _Ref506214162]Figure 31. 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 33, 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 32 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 32. Measurement methodology for blockage.

[image: ]
[bookmark: _Ref505526094]Figure 33. LOS and blockage measurement at urban grid.
The NLOS case is carried at an intersection environment as the Figure 34 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 34. 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 35 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 35. 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 36 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 36. Sounder configuration for Tx and Rx.
Chengdu measurement results
Figure 37 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 37. 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 38. Scenario 3 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 39. 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 40. 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 41. 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 42. V2V measurement, Tx-Rx distance=30m. Median path loss in time domain.
[bookmark: _GoBack]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.
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