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1.	Introduction
[bookmark: _Ref352842173]As per the revised LTE Work Item entitled “Revised WID: Support for V2V services based on LTE sidelink” [2] LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) functionality is to be defined as part of Release 14. 
This contribution discusses the co-existence simulation results for V2V as an aggressor network to a second V2V network in the unlicensed bands (i.e. 5.9 GHz)

2.	V2V Co-existence Simulation Assumptions

In RAN4#78bis details of the simulation scenarios and assumptions were discussed and agreed to as defined by the Way Forward documents [7], [8] and [9] and further detailed in the references TR36.885 [4] and TR36.942 [5]. The co-existence simulation results presented in this contribution comprise the results for the agreed Case 3 scenario of V2V transmissions acting as an aggressor to victim V2V DSRC UE transmissions and the Case 4 scenario of DSRC transmissions acting as an aggressor to victim V2V UE transmissions. Simulation results for V2V urban grid drop and mobility models, as defined in [4], are presented.
In sections 3 and 4 co-existence simulation results are presented assuming the V2V mobility and drop densities are based on vehicle velocities of 15 and 60 km/h. Furthermore, for the V2V transmissions, it is assumed that no power control is employed (i.e. the transmissions are at full power) and that 1% of the vehicles are transmitting at any given time. 

3	Case 3 Simulation Results
Figure 1 below presents loss curves for PRR (packet reception ratio) for V2V transmissions in an adjacent channel acting as an aggressor to a victim V2V (DSRC) transmission in the 5.9 GHz unlicensed band. The urban grid scenario is assumed with vehicular velocities of 60 kph. PRR loss curves for the average loss and 5 %tile loss are presented for V2V victim transmissions. A PRR distance parameter of b = 150 has been employed.  Figure 2 provides the corresponding set of PRR loss curves for the same scenario, but with a PRR parameter “b” value of 250 m.
Figure 3 provides a corresponding set of PRR loss curves for the same scenario, but with vehicular velocities of 15 kph and a PRR parameter “a” value of 0 and a parameter “b” value of 150 m.
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Figure 1: Case 3 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of a = 0 and parameter b = 150 m 
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Figure 2: Case 3 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 250 m 
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Figure 3: Case 3 Urban grid scenario with a vehicle velocity of 15 kph, and a PRR parameter of b = 150 m 

From the results in Figures 1, 2 and 3 it can be seen that adjacent channel transmissions by an aggressor V2V network in an urban grid to a co-located V2V victim network can result in a degradation in average PRR of about 1% for a nominal ACLR value of 30 dB, but 5%-tile PRR loss values of 7 to 10% at a nominal ACLR of 30 dB for a vehicular velocity of 60 kph. However, higher PRR 5%-tile losses are noted for a lower vehicular velocity of 15 kph. This is due to the higher number of possible transmitting vehicles in the urban grid at lower velocities.
Observation#1
· For Case 3 V2V adjacent channel co-existence the average PRR loss due to LTE V2V aggressor transmissions impacting DSRC V2V victim transmissions are less than an acceptable level of 5% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Observation#2
· For Case 3 V2V adjacent channel co-existence the 5%-tile PRR loss due to LTE V2V aggressor transmissions impacting DSRC V2V victim transmissions is greater than 12% for vehicular velocities of 60 kph at a target ACIR of 30 dB.


4	Case 4 Simulation Results
Figure 4, 5 and 6 below present loss curves for PRR (packet reception ratio) for DSRC transmissions at 23 dBm in an adjacent channel acting as an aggressor to a victim V2V transmissions in the 5.9 GHz unlicensed band. The urban grid scenario is assumed with vehicular velocities of 60 and 15 kph are employed. A DSRC UE ACLR of 26 dB is assumed in the analysis. PRR loss curves for the average loss and 5 %tile loss are presented for V2V victim transmissions. A PRR distance parameter of b = 150 and 250 meters has been employed.  Specifically the results in Figure 4 are based on a velocity of 60 kph and b = 150, Figure 5 a velocity of 60 kph and b = 250 and Figure 6 a velocity of 15 kph and b = 150. From these Figures it can be seen that for a target ACIR of 30 dB, the average loss in PRR due to adjacent channel interference is less than 5% for velocities of 60 kph and under 10% for velocities of 15 kph. The higher PRR at lower vehicular velocities is due to the higher vehicular density for such scenarios. 
Similarly, Figure 7, 8 and 9 below presents loss curves for PRR (packet reception ratio) for DSRC transmissions at 33 dBm in an adjacent channel acting as an aggressor to victim V2V transmissions in the 5.9 GHz unlicensed band. A DSRC UE ACLR of 38 dB was assumed for the analysis of these figures. As in the previous figures it can be seen that for a target ACIR of 30 dB, the average loss in PRR due to adjacent channel interference is less than 5% for velocities of 60 kph and under 10% for velocities of 15 kph. The higher PRR at lower vehicular velocities is due to the higher vehicular density for such scenarios. 
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Figure 4: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 150 m.
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Figure 5: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 250 m
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Figure 6: Case 4 Urban grid scenario with a vehicle velocity of 15 kph, and a PRR parameter of a = 150 m
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Figure 7: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 150 m. The DSRC transmit power is 33 dBm and an ACLR of 38 dB was assumed.
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Figure 8: Case 4 Urban grid scenario with a vehicle velocity of 60 kph, and a PRR parameter of b = 250 m. The DSRC transmit power is 33 dBm and an ACLR of 38 dB was assumed.
[image: ]
Figure 9: Case 4 Urban grid scenario with a vehicle velocity of 15 kph, and a PRR parameter of b = 150 m. The DSRC transmit power is 33 dBm and an ACLR of 38 dB was assumed.
Observation#3
· For Case 4 V2V adjacent channel co-existence the average PRR loss due to DSRC V2V aggressor transmissions impacting LTE V2V victim transmissions is less than 5% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Observation#4
· For Case 4 V2V adjacent channel co-existence the 5%-tile PRR loss due to DSRC V2V aggressor transmissions impacting LTE V2V victim transmissions is greater than 12% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Based on the above results observations, it is proposed that RAN4 further investigate approaches to mitigate the impact of adjacent channel co-existence at lower vehicular velocities with respect to the 5%-tile PRR performance. 
4	Conclusions
This contribution has presented simulation results for V2V urban grid scenarios in which the V2V transmissions act as an aggressor adjacent channel network to a second V2V victim network in an unlicensed band (i.e. Case 3 and Case 4). The following conclusions have been made.
Observation#1
· For Case 3 V2V adjacent channel co-existence the average PRR loss due to LTE V2V aggressor transmissions impacting DSRC V2V victim transmissions is less than 5% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Observation#2
· For Case 3 V2V adjacent channel co-existence the 5%-tile PRR loss due to LTE V2V aggressor transmissions impacting DSRC V2V victim transmissions is greater than 12% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Observation#3
· For Case 4 V2V adjacent channel co-existence the average PRR loss due to DSRC V2V aggressor transmissions impacting LTE V2V victim transmissions is less than 5% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Observation#4
· For Case 4 V2V adjacent channel co-existence the 5%-tile PRR loss due to DSRC V2V aggressor transmissions impacting LTE V2V victim transmissions is greater than 12% for vehicular velocities of 60 kph at a target ACIR of 30 dB.
Proposal#1
· RAN4 further investigate approaches to mitigate the impact of adjacent channel co-existence at lower vehicular velocities with respect to the 5%-tile PRR performance.
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