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Introduction
In RAN4 90bis meeting, a list of coexistence scenarios has been identified in a WF [1]. In this paper, some of these scenarios have been studied. 

Discussion
Prioritization of Coexistence Scenarios
At 5.9GHz, 4 coexistence scenarios have been identified by RAN4, namely
1. DSRC (aggressor)-> NR V2X (victim)
2. NR V2X (aggressor)-> DSRC (victim)
3. LTE V2X (aggressor)->NR V2X(victim)
4. NR V2X (aggressor)->LTE V2X(victim)
Given the recent 5GAA filing to FCC for spectrum allocation [6], we believe that cases 3 and 4 should be treated at the highest priority.
For cases 1 and 2, assuming NR V2X and LTE V2X have the same ACLR and ACS, all the simulation assumptions seem to be similar. The only difference here is that NR V2X traffic can be both aperiodic and periodic, while LTE V2X traffic is strictly periodic. Given that, we may be able to reuse DSRC/LTE V2X coexistence study result for DSRC/NR V2X but it is also worth redoing the simulations to verify that the change in traffic pattern indeed does not effect anything. However, such study should be treated as second priority. 
UE Drop and Pathloss Model
During NR V2X Study Item, new path loss and drop assumption has been adopted for the purpose of system performance evaluation. Compared to what has been agreed for LTE V2X, we notice the following difference:
1. Drop model
a. Highway drop model
i. LTE V2X: Inter-vehicle distance is 2.5 second of travel time. The car length is ignored for simplicity. All UEs move at the same speed, which can be either 70km/h, 140km/h as the baseline. The length of the highway is fixed and that determine the number of dropped vehicles for each speed.
ii. NR V2X: Inter-vehicle distance is 2 seconds of travel time. Car length varies from 5m to 13m depend on vehicle type. All car can either move at the same speed (70km/h or 140km/h) in one option or different speed depend on lane in another option. The length of the highway is not fixed but stretch when the number of dropped vehicles increase. The purpose of this is to avoid edge effect due to the new path loss model.
b. [bookmark: _Hlk7602884]Urban drop
i. LTE V2X: Inter-vehicle distance is 2.5 second of travel time. The car length is ignored for simplicity. All UEs move at the same speed, which can be either 15km/h, 60km/h as the baseline. The simulated grid is a 3x3 block with each block is 250m in width and 433m in length.
ii. NR V2X: Inter-vehicle distance is 2 seconds of travel time. Car length varies from 5m to 13m depend on vehicle type. All car can either move at the same speed (60km/h) in one option or different speed depend on lane in another option. The simulated grid is a 3x3 block with each block is 250m in width and 433m in length.
2. Pathloss model
a. Highway path loss model
i. LTE V2X: LOS in WINNER+ B1 model
ii. NR V2X: Path loss function is
PL = 32.4 + 20log10(d) + 20log10(fc)
There is also a random blocking loss added on top of the path loss if there is blockage (e.g. by other vehicles or other obstructions). The probability of blockage is 
If ,  
where , 
If , 
With d being the distance between 2 vehicles.
b. Urban path loss model
i. LTE V2X: WINNER+ B1 Manhattan grid layout
ii. NR V2X: If 2 vehicles are in the same road
PL= 38.77 + 16.7log10(d) + 18.2log10(fc).
If 2 vehicles are in crossing road
PL= 36.85 + 30log10(d) + 18.9log10(fc).
There is also random blocking loss and blockage probability modelled.
More detail on LTE V2X and NR V2X evaluation assumptions can be found in [1] and [2].
Given that we will need to simulate both NR V2X and LTE V2X in the same drop, there is a need to have a unified path loss and dropping assumption for both technologies. First, we notice that the newly defined path loss model is based on recent measurement based on vehicular transmission/reception condition, it is much more suitable than the model used for LTE V2X. On the other hand, the drop defined for NR V2X may be too complicated for the purpose of RF coexistence evaluation. Considering those observation, we believe it is useful to adopt the new NR V2X pathloss model, but simplify the NR drop model so that it behaves like LTE V2X drop model. We propose
1. Highway drop model: Inter-vehicle distance is 2 seconds of travel time. Car length is 5m, considering only vehicles type 2. All UEs move at the same speed, which is 140km/h as the baseline. The length of the highway is fixed and that determine the number of dropped vehicles for each speed. We further propose dropping at least 600 cars to avoid edge effect.
2. Urban drop model: Inter-vehicle distance is 2 seconds of travel time. Car length is 5m, considering only vehicles type 2. All UEs move at the same speed, which is 60km/h as the baseline.  The simulated grid is a 3x3 block with each block is 250m in width and 433m in length.
According to the agreed WF [4]
· Assume all devices will support both LTE V2X and NR V2X
· Assume from a device perspective Tx between LTE V2X and NR V2X is TDM while rx of LTE V2X and NR V2X is simultaneous (as reflected in figures in slide 7) 
· Case3: NR V2X UE-to-LTE V2X UE.
· Case4: LTE V2X UE-to-NR V2X UE
Each vehicle has to be associated with 2 radios, 1 LTE V2X and 1 NR V2X. As the 2 radios will be in the same chipset, we assume that the coupling loss between them is 0dB (as a pessimistic estimation).
Initial Simulation Result
We present in this section our initial simulation results. We consider case 3 and 4 under highway drop. The bandwidth is 20Mhz for LTE V2X and 40Mhz for NR V2X to be consistence with 5GAA filing.
For LTE V2X, we assume that new packets arrive in each 100ms and each packet will be transmitted twice. Maximum transmission power is 22dBm, considering around 1dB MPR. Antenna gain is 3dBi and Noise Figure is 9dB.
For NR V2X, we use NR medium aperiodic traffic model (see [2]). Each packet will be transmitted at most 3 times, where the second and the third retransmissions are only triggered if the transmitter received at least 1 NACK feedback from the receivers. The feedback procedure follows that in [3,6]. Transmission power is 23 dBm, not considering any MPR.
For ACIR, we consider 2 step ACIR model following 3GPP methodology for Coexistence evaluation, with a step size of 13dB. The ACIR value for the first step is set to be 25dB with the following rationale:
1. ACLR of NR V2X can use the same value as LTE V2X, e.g. 30dBc as a starting point.
2. However, ACS for this case may need some relaxation due to the fact that the UE has to receive both LTE V2X and NR V2X at the same time. Hence the channel filtering performance may not be as good as in the case of LTE V2X single channel operation. Assuming ACS of 27dBc, which is equivalent to existing In Channel Selectivity requirement (as specified in the Maximum Power Imbalance demodulation test foir LTE V2X), ACIR becomes 25dBc.
In figure 1 is the performance of NR V2X Packet Reception Loss, while figure 2 is the performance of LTE V2X. We can see that under the simulation assumptions above, the degradation coming from adjacent channel aggressor is quite acceptable to both systems.
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Figure 1. NR PRR Performance for Highway pathloss model
[image: ]
Figure 2. LTE V2X PRR Performance for Highway pathloss model


Conclusions
Observation: 
From the initial study results, it can be observed that LTE and NR V2X systems can coexist without any significant impact of one over the other using a highway path loss model. 
In the next meeting, we will present results for the urban path loss model as well. 
Below are some proposals for simulation assumptions. 

Proposal 1: Adopt NR V2X Pathloss model in [2] for Coexistence Evaluation
Proposal 2: Adopt NR drop in [2] with single speed option for Coexistence Evaluation.
Proposal 3: Each car in a drop should associate with 1 LTE V2X UE and NR V2X UE.
Proposal 4: For LTE V2X and NR V2X UEs in the same car, assume 0dB coupling loss.  
Proposal 5: Consider 20MHz channel bandwidth for LTE V2X, 40 MHz channel bandwidth for NR V2X. 
Proposal 6: FFS step size in 2 steps ACIR model. 
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