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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 studies the impact of open loop V2V transmit power control on adjacent channel co-existence for scenarios in which V2V acts as an aggressor network to a legacy LTE victim network. 

2.	V2V Adjacent Channel Co-existence Impacts

In contributions [1] and [2] the impact of V2V adjacent channel transmissions acting as an aggressor to legacy licensed band LTE networks was studied (i.e. Case 1 as defined in TR36.785 [3]). The results of this analysis shows that V2V adjacent channel transmissions acting as aggressors to LTE legacy networks cause significant degradation as summarized in Table 1 below. The indicated throughput loss was with respect to an ACIR of 30 dB (i.e. an assumed V2V UE ACLR of 30 dB) and assumed legacy LTE network cells with an ISD of 500 meters. Given that the target degradation in legacy throughput for specification of the ACLR is typically chosen to be on the order of 2% for average throughput and no more than 5% throughput loss for the 5%-tile throughput, the indicated throughput losses of > 20% for the average throughput and >50% for the 5%-tile throughput need to be mitigated.

Table 1: Summary of V2V Adjacent Channel Co-existence Impacts to Legacy LTE Networks
	Scenario
	Vehicular Velocity [kph]
	LTE UE Power Control
	Average Throughput Loss (%)
	5%-tile Throughput Loss (%)

	Urban grid
	60
	PC2
	22
	>50

	Urban grid
	15
	PC2
	>50
	>50

	Freeway
	70
	PC1
	22
	>50

	Freeway
	140
	PC1
	21
	>50



Observation #1 
· RAN4 adjacent channel coexistence analysis has shown that V2V aggressor transmission into victim legacy LTE networks produce interference levels that need to be mitigated.

Two possible approaches to mitigate the interference to legacy LTE networks from adjacent channel V2V aggressor transmissions are to tighten the ACLR specification on the V2V UE transmissions, or employ power control on the V2V UE transmissions.  In RAN1, an agreement has been reached to employ open loop power control for V2V transmissions [6]. In this context, this contribution investigates the impact of open loop power control on V2V UE transmissions as an approach to mitigate the adjacent channel interference to legacy LTE victim networks. 

3	V2V Adjacent Channel Co-existence with Power Control

In this section simulation results of the adjacent channel coexistence performance of V2V aggressor transmissions with power control, impacting legacy LTE network transmissions are presented for the urban grid scenario. The details of the adjacent channel simulation scenarios employed and assumptions employed in this analysis were discussed and agreed to as defined in TR36.785 [3] and further detailed in the references TR36.885 [4] and TR36.942 [5]. 
For the urban grid scenarios, it is assumed that the grid is centered about the serving cell of interest in the victim network, as illustrated in Figure 1 of [1].
Figures 1, 2 and 3 below present victim LTE network UL throughput loss curves when impacted by adjacent channel aggressor V2V transmissions  (i.e.Case 1). Open loop power control on the V2V UE transmissions is assumed to be present with a power backoff of 10, 15 and 20 dB respectively from the maximum V2V UE transmit power of 23 dBm. The urban grid scenario is assumed with vehicular velocities of 60 kph and a legacy LTE cell ISD of 500 meters. Throughput curves for the average loss and 5-%tile loss are presented for LTE victim transmissions. For reference, average throughput and 5-%tile loss curves with a second LTE network as the sole aggressor are also presented. 
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Figure 1: Case 1 V2V open loop power control of 10 dB in an urban grid scenario with a vehicle velocity of  60 kph, and an LTE power control setting of PC1.
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Figure 2: Case 1 V2V open loop power control of 15 dB in an urban grid scenario with a vehicle velocity of 60 kph, and an LTE power control setting of PC1.
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Figure 3: Case 1 V2V open loop power control of 20 dB in an urban grid scenario with a vehicle velocity of 60 kph, and an LTE power control setting of PC1.
Table 2 below summarizes the average and 5%-tile throughput loss of the legacy LTE network with respect to an ACIR of 30 dB (i.e. an assumed V2V UE ACLR of 30 dB). In order to meet the target of a throughput degradation of < 2% on average and 5% for the 5%-tile throughput it is observed that an open loop power control of 15 dB is required.
 
Table 2: Summary of V2V Adjacent Channel Co-existence with open loop power control
	Scenario
	Vehicular Velocity [kph]
	V2V open loop Power Control [dB]
	Average Throughput Loss (%)
	5%-tile Throughput Loss (%)

	Urban grid
	60
	10
	6
	16

	Urban grid
	60
	15
	2.5
	4

	Urban grid
	60
	20
	1
	2.3



Observation #2 
· [bookmark: _GoBack]The agreed approach in RAN1 of open loop power control of V2V transmissions can be employed to mitigate V2V adjacent channel interference to LTE networks. An open loop power control setting in the range of 10 - 15 dB has been shown to mitigate additional adjacent channel interference to LTE licensed bands from V2V transmissions meeting the target of a throughput degradation of < 2% on average and 5% for the 5%-tile users.
Proposal #1 
· RAN4 recommends that V2V UEs be capable of supporting open loop power control reduction in the range of 10 - 15 dB to be applied to V2V transmissions in licensed band LTE networks in order to mitigate any additional adjacent channel interference to legacy LTE networks. 


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 legacy LTE transmissions (i.e. Case 1) and open loop power control has been applied to the V2V transmissions. It is observed and proposed that
Observation #1 
· RAN4 adjacent channel coexistence analysis has shown that V2V aggressor transmission into victim legacy LTE networks produce interference levels that need to be mitigated.
Observation #2 
· The agreed approach in RAN1 of open loop power control of V2V transmissions can be employed to mitigate V2V adjacent channel interference to LTE networks. An open loop power control setting in the range of 10 - 15 dB has been shown to mitigate additional adjacent channel interference to LTE licensed bands from V2V transmissions meeting the target of a throughput degradation of < 2% on average and 5% for the 5%-tile users.



Proposal #1 
· RAN4 recommends that V2V UEs be capable of supporting open loop power control reduction in the range of 10 - 15 dB to be applied to V2V transmissions in licensed band LTE networks in order to mitigate any additional adjacent channel interference to legacy LTE networks. 
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