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1.
Introduction

As per the original LTE V2V Work Item entitled “Revised WID: Support for V2V services based on LTE sidelink” [1] and the revised LTE-based V2X WID entitled “Revised WI proposal: LTE-based V2X Services” [2], V2X functionality (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) is to be defined as part of Release 14. 
This contribution provides further analysis and simulation results for adjacent channel the co-existence Case 1, i.e. - for V2V acting as an aggressor network to a legacy LTE victim network. Specifically, the impact of varying V2V message intensities on the Case 1 adjacent channel co-existence is further investigated.  
2.
V2V Co-existence Simulation Result Discussion
From the discussions of Case 1 adjacent channel simulation at RAN4#80, the following agreement was reached [4]:

Based on the evaluation results, 
1. For Case1 (V2V UE-to-LTE BS at 2GHz), following observations are made:

· Based on the current simulation assumptions in the TR, the co-existence criteria is not met in some scenarios.

· Further study is needed in RAN4.

During the discussions at RAN4 #80, proposals were made to address the impact of V2V aggressor adjacent channel transmissions to legacy LTE users through one of the following approaches:

(1) Tightening of the ACLR

(2) Use of open loop power control by V2V UE’s

(3) Reduction of the V2V message transmission intensity

At RAN4 #80bis initial simulations were provided of the impact of reducing the V2V message transmission intensity or frequency on the Case 1 V2V adjacent channel co-existence performance [6]. This contribution provides further simulation results on the impact of reducing the V2V message transmission intensity for Case 1 V2V adjacent channel co-existence performance.
3
Case 1 Simulation Results
Based on the agreed V2V traffic model captured in TR36.785 section 5.4.2[5], a V2V message is transmitted by a given V2V UE, every 100 msec or with a transmit probability of 0.01 for a given UE in an LTE subframe. From the simulation results presented in [3] for Case 1 V2V co-existence, the impact of V2V aggressor channel transmissions on adjacent channel legacy LTE can be quite significant. These results are detailed in Figures 1, 2 and 3 of [6] for reference. 
From the results in Figures 1, 2 and 3 in [6] it can be seen that adjacent channel transmissions by an aggressor V2V network in an urban grid or freeway scenario to a co-located LTE victim network can result in significant degradation to the legacy LTE uplink throughput. For the existing nominal UE ACIR of 30 dB, the degradation in victim LTE network throughput exceeds 20% for the average throughput and is typically more than 50% for the 5%-tile throughput. The high level of throughput degradation is due to the lack of power control on V2V transmissions as well as the multiplicity of transmissions of V2V over the network. Even with only a 1% transmission rate, the high number of vehicles in the network can result in 10’s or more simultaneous V2V transmissions. 

To further access the impact of reducing the message intensity on the impact of V2V aggressor adjacent channel co-existence, simulations were run with the message probability reduced to 0.0033 and 0.001 for vehicular velocities of 15 kph and 60 kph as proposed in the way forward document [7].
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a) V2V transmit probability of 0.0025





b) V2V transmit probability of 0.001
Figure 1: Case 1 Urban grid scenario with a vehicle velocity of 60 kph, with an LTE power control setting of PC2 and a V2V transmit probability of a) 0.0025 b) 0.001

In order to access the impact of V2V UE transmit probability on the degradation to adjacent channel legacy LTE networks, simulations were carried out with V2V UE transmit probabilities between 0.01 and 0.001 in [6] and are reproduced in Figure 1 for reference. These results have shown that reducing the message intensity alone, even to a rate of 0.001 is insufficient to completely mitigate the adjacent channel interference from V2V transmissions to legacy LTE channels.
Figures 2 to 7 below provide results for combinations with vehicular velocities of 15 and 60 kph, message rates of 0.0033 and 0.001 as well as open loop power control of the V2V transmissions with power control settings of 10dBm and 0 dBm. The results are summarized in Table 1 for average and 5%tile throughput losses at a nominal ACIR of 30 dB.
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Figure 2: Case 1 Urban grid scenario with a vehicle velocity of 60 kph, with a V2V transmit probability of 0.0033 and an OLPC transmit power setting of 10 dBm.
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Figure 3: Case 1 Urban grid scenario with a vehicle velocity of 60 kph, with a V2V transmit probability of 0.001 and an OLPC transmit power setting of 10 dBm.
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Figure 4: Case 1 Urban grid scenario with a vehicle velocity of 15 kph, with a V2V transmit probability of 0.0033 and an OLPC transmit power setting of 10 dBm.
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Figure 5: Case 1 Urban grid scenario with a vehicle velocity of 15 kph, with a V2V transmit probability of 0.001 and an OLPC transmit power setting of 10 dBm.
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Figure 6: Case 1 Urban grid scenario with a vehicle velocity of 15 kph, with a V2V transmit probability of 0.0033 and an OLPC transmit power setting of 0 dBm.
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Figure 7: Case 1 Urban grid scenario with a vehicle velocity of 15 kph, with a V2V transmit probability of 0.001 and an OLPC transmit power setting of 0 dBm.
Table 1: Summary of Case 1 V2V Adjacent Channel Co-existence with message intensity and open loop power control

	Vehicular Velocity [kph]
	V2V open loop Power Control Setting [dB]
	V2V Message Rate
	Average Throughput Loss (%)
	5%-tile Throughput Loss (%)

	60
	0
	0.0025
	6
	18

	60
	0
	0.001
	3
	9

	60
	13
	0.0033
	5
	12.5

	60
	13
	0.001
	2
	4.5

	15
	0
	0.001
	16
	>50

	15
	13
	0.0033
	20
	>50

	15
	13
	0.001
	7
	18

	15
	23
	0.0033
	4.5
	7

	15
	23
	0.001
	1.6
	3


From the summarized results in Table 1, it can be seen that reducing the V2V message intensity alone is insufficient to reduce the V2V adjacent channel interference to a level such that its impact to the legacy LTE network is less than 5%, particularly at vehicular velocities of 15 kph. To constraint the V2V adjacent channel interference impact to be less than 5%, in addition to reducing the message intensity, power control must also be applied at least in combination with the reduction in message intensity.
Based on the results above it is recommended that RAN4 consider either a tightening of the ACLR for V2V UEs and/or the use of power control for V2V transmissions be investigated.
Observation #1 

· RAN4 adjacent channel coexistence analysis shows that for V2V UE transmit probabilities of 0.01, V2V aggressor transmissions into victim legacy LTE networks can produce throughput degradations of greater than 20% for average throughput and greater than 50% degradation for the 5%-tile throughput for a target ACIR of 30 dB.
Observation #2 

· RAN4 adjacent channel coexistence analysis shows that for V2V UE transmit probabilities of 0.001, the impact of V2V aggressor transmissions into victim legacy LTE networks are reduced but can produce throughput degradations of greater than 15% for average throughput and greater than 50% degradation for the 5%-tile throughput for a target ACIR of 30 dB.

Observation #3 

· To constraint the V2V adjacent channel interference impact to be less than 5%, in addition to reducing the message intensity, power control must also be applied at least in combination with the reduction in message intensity.
Based on observation #2, even reducing the V2V UE transmit probability by an additional factor of 10 is not sufficient to mitigate the degradation of V2V aggressor transmissions to adjacent channel legacy LTE networks. As such additional mitigation approaches such as power control must also be applied.
Proposal #1 

· In order to mitigate the interference to legacy LTE from adjacent channel V2V transmission RAN4 should consider either a tightening of the ACLR for V2V UEs or the use of open loop power control for V2V transmissions or a combination of reduction in V2V message intensity and open loop power control.
4
Conclusions

This contribution has presented simulation results for V2V urban grid scenarios in which the V2V transmissions in an aggressor adjacent channel network impact legacy LTE transmissions (i.e. Case 1). V2V UE transmit probabilities between 0.01 and 0.001 were assumed The following conclusions have been reached:
Observation #1 

· RAN4 adjacent channel coexistence analysis shows that V2V aggressor transmissions into victim legacy LTE networks can produce throughput degradations of greater than 20% for average throughput and greater than 50% degradation for the 5%-tile throughput for a target ACIR of 30 dB.

Observation #2 

· RAN4 adjacent channel coexistence analysis shows that for V2V UE transmit probabilities of 0.001, the impact of V2V aggressor transmissions into victim legacy LTE networks are reduced but can produce throughput degradations of greater than 15% for average throughput and greater than 50% degradation for the 5%-tile throughput for a target ACIR of 30 dB.

Observation #3 

· To constraint the V2V adjacent channel interference impact to be less than 5%, in addition to reducing the message intensity, power control must also be applied at least in combination with the reduction in message intensity.
Proposal #1 

· In order to mitigate the interference to legacy LTE from adjacent channel V2V transmission RAN4 should consider either a tightening of the ACLR for V2V UEs or the use of open loop power control for V2V transmissions or a combination of reduction in V2V message intensity and open loop power control.
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