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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#94, some agreements have been achieved on simulation assumption. In this contribution, the remaining aspects of simulation assumption for sidelink are discussed.

[bookmark: _Ref129681832]Discussion
Mixture of data traffic
R1-1809803 proposed to define simulation assumptions to evaluate the scenarios where data traffic for unicast, groupcast, and broadcast is mixed, and where periodic and aperiodic traffic is mixed. Note that some options were also discussed offline and captured in R1-1809944. 
In our understanding, it is necessary to define mixed data traffic, at least since different UEs in an area will engage in different V2X services at a given time. For example, the traffic load for the periodic broadcast could be low intensity or medium intensity. In addition, an urgent event could trigger the broadcast by aperiodic traffic. Considering the locations and diving situation (including itself and its neighbor) are quite different for each UE in a certain area. The traffic model can be varied for different UEs at a given time even through all the UEs use broadcast. Furthermore, it is natural to associate groupcast with the clustered UEs defined in highway-C in TR 37.885. However, for non-clustered UEs, unicast or broadcast would be the more reasonable transmission mode.
Moreover, different UEs in an area with different V2X services may have different resource allocation techniques. In such a case, the two techniques may not work well together. For instance, if a sensing and reservation-based resource allocation is used for periodic traffic, scheduling event-driven traffic might affect the sensing. 
There are further aspects that could be considered, such as when a UE changes its traffic type during a simulation run, or where it may engage simultaneously in more than one type, but we suggest ignoring these aspects at this stage. 
In order to have a limited set of traffic mixes as a baseline for simulation, we propose the following mixed traffic:
Proposal 1: The following mixed traffic models are proposed:
· Mix 1:  highway-A, all UEs use broadcast with periodic model-1.
· Mix 2:  highway-A, 50% UEs use broadcast with periodic model-1, 50% UEs broadcast with aperiodic model-1.
· Mix 3:  highway-A, 50% UEs use broadcast with periodic model -2, 50% UEs broadcast with aperiodic model -1.
· Mix 4:  highway-C, clustered UE (33% as defined in TR 37.885) groupcast. 50% of groupcast UEs use periodic model-2, and 50% of groupcast UEs use aperiodic model-1. For non-clustered UEs, 50% use broadcast with periodic model-1, 50% use unicast. For unicast UEs, 50% UEs use periodic model-2, 50% UEs use aperiodic model-1. 
Simulation profiles
R1-1809450 proposed to define simulation profiles in order to reduce the evaluation overhead. However, the traffic models in TR 37.885 were chosen to cover a variety of use cases.  The choice of which ones to evaluate should be left up to the companies. They should have the flexibility to choose a set of parameters that correspond to the scenario and choice of services they are interested it.
Proposal 2: Do not define simulation profiles. 
Additional attenuation to NLOSv when the distance increases
R1-1808697 proposed to add additional attenuation to NLOSv pathloss when the distance increases in order to reflect the increase of the number of blockers between the transmitter and receiver. Note that the current channel model uses the same statistics for the blockage loss regardless of the distance once a link is determined to be in NLOSv. Companies are invited to provide views on the following questions.

Additional attenuation is not necessary for two reasons:
· Beyond a certain (small) number, additional blocking vehicles do not increase blockage loss. We provide details in Section 2.3.1.
· Calculations in R1-1808697 do not account for interference. When reasonable level of interference is introduced, the effective maximum communication distance reduces by an order of magnitude compared to results in R1-1808697. Details are in Section 2.3.2.

1.1.1 [bookmark: _Ref525910542][bookmark: _GoBack]Beyond a certain (small) number, additional blocking vehicles do not increase blockage loss
In terms of additional blockage caused by adding further vehicles, in our previous contributions we showed that, beyond a certain number of vehicles (according to our measurements, around 2-3), adding further blocking vehicles does not increase blockage loss significantly. We explain it again in the following five points.
1. In case of LOS communication, majority of energy at the receiver is due to the LOS ray. See figure below. 
2. With a single blocker, the power contribution of LOS ray reduces significantly, in the order of 20-30dB. Such attenuation effectively makes the LOS ray a secondary (or even an unimportant) source of the power at the receiver. The following figure illustrates the blockage effect on LOS ray of a single vehicle blocker (van) moving only a few meters from LOS to NLOSv position. Depending on the frequency, the LOS ray is attenuated between 23 dB and 33 dB.
[image: ]
[bookmark: _Ref506212076]Figure 1. PDP in (a) LOS position (Position 4), and NLOSv position (Position 5) in C2 (single vehicle blocker: van) described in [3].
3. Adding a second blocker results in further, albeit less significant, attenuation of the signal, mainly by blocking the scatterers whose angle of arrival is close to that of LOS ray. Other channel parameters are similarly less affected with the addition of the second blocker. As shown in Figure 3, the delay spread remains very similar in case of one and two blockers.
[image: ]
[bookmark: _Ref505613432]Figure 2. Additional loss with 1 and 2 blocking vehicles in C5 described in [3].
[image: ]
[bookmark: _Ref525908671]Figure 3. Delay Spread with 1 and 2 blocking vehicles in C5 described in [3].

4. The results in [3] also show that, in the presence of blocking vehicles of different size, the large blockers dominate. Specifically, in case a truck blocker already exists, a car blocker creates additional loss of 0.5-2dB. 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 2. 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



5. Any subsequent blocker’s effect on the received power is hard to quantify, since its contribution can be either negative (blocking an existing significant cluster) or positive (creating a new significant cluster). This is well explained with the example in Figure 4, where measurements were performed at 73 GHz with and without parked cars that created scattering and blocking effects. As shown in Figure 4, in LOS conditions, the effect of parked cars was both constructive and destructive; during the near-LOS conditions (slight blockage), the effect is negative, whereas in NLOS case (severe blockage), the effect is constructive (additional scattering off the vehicles).
Pure LOS
Near LOS
NLOS

[bookmark: _Ref525909568]Figure 4. Path loss with and without parked cars. 

1.1.2 [bookmark: _Ref525910663]Calculations in R1-1808697 do not account for interference

TR 36.824 5.1.2 MCL (maximum coupling loss) calculation method:
Table 1: MCL calculation template
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	23dBm

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	2M

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log(5)  (dBm)
	-101.9897

	(7) Required SINR (dB)
	0dB

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	

	(9) MCL 
         = (1)  (8) (dB)
	



TR 36.885 MCL calculation method:
MCL (dB) = maximum transmit power (dBm) + transmit antenna gain + receive antenna gain – (thermal noise density (dBm/Hz) + receiver noise figure (dB) + 10∙log10(occupied channel bandwidth (Hz)) + required SINR (dB))
Estimation of the maximum distance:
Using the same antenna gains as in R1-1808697 (Table 1) and with the parameters shown in Table 5-1, MCL can be derived from the following equation when required SINR is 0dB:
MCL=23+3+3-(-174+9+0+10 log(2000000) 131dB      (1)
Note that 10PRB is configured in R1-1808697. To obtain comparative results, we consider the bandwidth of 2MHz. Since there is no interference evaluation in equation (1), the SINR can be regarded as SNR. With the pathloss model specified in TR 37.885, the maximum distance can be calculated using MCL. Taking highway NLOSv case-1 for example (i.e., no additional blockage loss), the MCL can be expressed as follows:
MCL+ blockage-loss=32.4 + 20log10(d) + 20log10(fc)        (2)
The maximum distance without interference is 14190m, which is comparable to R1-1808697. If interference is considered, the calculation method in TR 36.885 should be revised as following:
MCL (dB) = maximum transmit power (dBm) + transmit antenna gain + receive antenna gain – (thermal noise density (dBm/Hz) + receiver noise figure (dB) + interference margin (dB) + 10∙log10(occupied channel bandwidth (Hz)) + required SINR (dB))
Assuming the interference margin is 20dB, equation (1) can be reformulated as follows: 
MCL=23+3+3-(-174+9+20+10 log(2000000) 111dB     (3)
With the result in equation (3) (i.e., including interference), the maximum distance is 1419m. The remaining scenarios follow the same calculation method and, due to additional blockage loss, result in lower maximum distances. Furthermore, note that all of the calculations above consider 2 MHz bandwidth. If the bandwidth is increased (to, e.g., 10MHz), the maximum distance would be smaller still: 
MCL=23+3+3-(-174+9+20+10 log(10000000) 104dB     (4),
which results in the maximum distance of 645m.

Therefore, we conclude the following:
· Beyond a certain (small) number, additional blocking vehicles do not increase blockage loss;
· When considering a more realistic scenario that includes interference and higher bandwidth, the maximum distance results with current blockage model are reasonable and no further loss is needed.

Proposal 3: The additional attenuation to NLOSv pathloss when the distance increases is unnecessary. 

Conclusions
In this contribution, evaluation result of NR V2V links are discussed. Based on the discussion, we propose the following observations:
Proposal 1: The following mixed traffic models are proposed:
· Mix 1:  highway-A, all UEs use broadcast with periodic model-1.
· Mix 2: highway-A, 50% UEs use broadcast with periodic model-1, 50% UEs broadcast with aperiodic model-1.
· Mix 3: highway-A, 50% UEs use broadcast with periodic model -2, 50% UEs broadcast with aperiodic model -1.
· Mix 4:  highway-C, clustered UE (33% as defined in TR 37.885) groupcast. 50% of groupcast UEs use periodic model-2, and 50% of groupcast UEs use aperiodic model-1. For non-clustered UEs, 50% use broadcast with periodic model-1, 50% use unicast. For unicast UEs, 50% UEs use periodic model-2, 50% UEs use aperiodic model-1. 
Proposal 2: Do not define simulation profiles. 
Proposal 3: The additional attenuation to NLOSv pathloss when the distance increases is unnecessary.
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TR 37.855, “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR”.
TR 36.885, “Study on LTE-based V2X Services”.
[bookmark: _Ref525907892]R1-1805914, “V2X sidelink channel model”,  RAN1#93, Busan, Korea, May 2018.

image3.emf

image4.emf
distance[m]

0 20 40 60 80 100

p

a

t

h

l

o

s

s

[

d

B

]

80

90

100

110

120

130

140

pathloss w/o parking cars

with parking cars

without parking cars


image5.emf
Tx

Rx

Tx

Rx


image6.emf
distance[m]

0 20 40 60 80 100

p

a

t

h

l

o

s

s

[

d

B

]

80

90

100

110

120

130

140

pathloss w/o parking cars

with parking cars

without parking cars


image7.emf
Tx

Rx

Tx

Rx


image1.emf

image2.png
Nomn. Received Power [dB]

-20 L
Los 1 blocker 2 blockers
Position #





