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1. Introduction
RAN1 had email discussion [83-05] for evaluation assumptions for V2I. The following agreements were made in this discussion:

Agreements of [83-05] for V2I

· “Non-relay” V2I (e.g. BSM broadcasting from vehicle to infrastructure or RSA broadcasting from infrastructure to vehicle) Note: this temporary name will be taken place when exact scenario defined in TR
· Evaluation statistics according to performance metric are provided for V2I and I2V respectively 

· Traffic model

· V2I/I2V traffic model 1: Message generation frequency is the same as that of V2V. Latency requirement is 100 ms.
· V2I/I2V traffic mode 2: Message generation frequency is 1 or 0.1 Hz. Latency requirement is > 100 ms (e.g., 1000 ms).

· I2V traffic is generated per intersection for urban case
· V2V message generation does not change from the existing model.
· For model 1, a single message is generated at a vehicle both for V2V and V2I (i.e, no change in the traffic load).

· For model 2, V2I message is additionally generated on top of the V2V message.

· Performance metric is the same as that for V2V except for target communication range 
· FFS: communication range

· Frequency usage for simulation

· UE type RSU

· Carrier frequency

· Baseline: 6GHz

· Bandwidth: 10MHz

· Baseline: V2I and I2V transmission shares the same carrier

· Not preclude they are using separate/multiple carriers

· PC5 based V2V is included in V2I (UE type) simulation to reflect realistic UE density

· i.e. The difference from PC5 V2V evaluation will be additional receivers (“I”) receiving the same traffic as PC5 V2V  evaluation from vehicle; and additional transmitters (“I”)

· when PC5 is considered co-channel with uplink

· Half duplex constraint is respected

· When considering separate carrier for PC5 from uplink

· Companies to indicate whether half duplex constraint is respected between PC5 and uplink

· When PC5 V2V is considered at separate carrier from V2I

· Companies to indicate whether half duplex constraint is respected between PC5 V2V and V2I

· eNB type RSU

· Carrier frequency: 2GHz

· Bandwidth: 10MHz for each of DL and UL in FDD; 20MHz in TDD

· Baseline: Macro eNB in urban case

· Baseline: simulation  of V2I (eNB type) simulation is separated from PC5 based V2V (main scenario to evaluate: UU and PC5 co-channel) 

· when PC5 is considered co-channel with uplink

· Half duplex constraint is respected

· Companies provide details about scheme for half duplex constraint, e.g. the subset of subframes used for Uu

· When considering separate carrier for PC5 from uplink

· Companies to indicate whether half duplex constraint is respected between PC5 and uplink

· Considering WAN traffic on the same carrier of V2I

· Other simulation assumption for UE-type RSU 

· Evaluation scenario with following bullets

· Baseline: Urban only

· Optional: Freeway

· Dropping 

· Urban: to simplify the simulation, at the center of intersection

· Freeway: uniform allocation with 100m spacing in the middle of the freeway

· Height: 5m

· Channel modeling: reuse that for UE-UE in PC5 based V2V evaluation with antenna height at RSU changed to 5m

· Evaluation results are provided for both I2V and V2I

· Other simulation assumption for eNB-type RSU

· Evaluation scenario with following bullets

· Baseline: urban only

· Optional: Freeway

· Dropping: the same as eNB dropping in PC5 V2V evaluation

· UU interface

· Channel modeling: reuse that for eNB-UE in PC5 V2V evaluation 

· UL and DL simulations can be separated

· Evaluation results are provided at least for both V2I and I2V

This contribution provides the evaluation results of ‘PC5-V2I/I2V including PC5-V2V’ and several observations based on these results.
2. Discussions 
We evaluated ‘PC5-V2I/I2V including PC5-V2V’ in the Urban case. Here, it was assumed that UE-type RSU and vehicle perform the message transmissions in the same carrier and ‘sensing based resource selection + location based resource partition’ in [1] are applied. And the traffic model 1 is assumed for the transmission of UE-type RSU. As shown in Table 1 and 2, the performance of PC5-V2V is degraded due to the increment of interference and traffic load (caused by additional transmission of UE-type RSU) when compared to that of ‘PC5-V2V only’. The performance degradation of Urban case with 15km/h is larger than that of Urban case with 60km/h because the latter has more room to accommodate additional traffic than the former. On the other hands, it was found that the performance of PC5-V2I/I2V is better than that of PC5-V2V. This is because UE-type RSU is located in the intersection and it is highly likely that the vehicles in its target range have the LOS link with UE type-RSU.
Table 1. Average PRR in the Urban case (60km/h) 
	Range (m)
	PC5-V2I/I2V including PC5-V2V
	PC5-V2V only

	
	PC5-V2I 
	PC5-I2V
	PC5-V2V
	Gain [%]
	

	0 ~ 20
	0.953219
	0.953163
	0.930498
	-0.3
	0.9337

	20 ~ 40
	0.937258
	0.961446
	0.922194
	-0.2
	0.9240

	40 ~ 60
	0.920994
	0.959505
	0.901429
	-0.4
	0.9055

	60 ~ 80
	0.908225
	0.948335
	0.860358
	-1.5
	0.8738

	80 ~ 100
	0.887818
	0.936123
	0.818422
	-1.5
	0.8307

	100 ~ 120
	0.873101
	0.954375
	0.755079
	-2.3
	0.7725

	120 ~ 140
	0.840803
	0.957185
	0.664061
	-3.3
	0.6866

	140 ~ 160
	0.808446
	0.928806
	0.585332
	-2.4
	0.5995


Table 2. Average PRR in the Urban case (15km/h) 
	Range (m)
	PC5-V2I/I2V including PC5-V2V
	PC5-V2V only

	
	PC5-V2I 
	PC5-I2V
	PC5-V2V
	Gain [%]
	

	0 ~ 20
	0.921706
	0.874012
	0.899794
	-0.2 
	0.9016

	20 ~ 40
	0.855878
	0.748112
	0.833936
	-0.4 
	0.8371

	40 ~ 60
	0.773997
	0.836552
	0.713053
	-0.9 
	0.7196

	60 ~ 80
	0.660266
	0.878012
	0.568916
	-1.4 
	0.5768

	80 ~ 100
	0.570483
	0.729546
	0.435147
	-3.7 
	0.4517

	100 ~ 120
	0.460166
	0.572787
	0.326147
	-4.6 
	0.3419

	120 ~ 140
	0.344029
	0.696475
	0.23305
	-6.2 
	0.2485

	140 ~ 160
	0.306011
	0.778403
	0.175289
	-6.1 
	0.1866


To have a better performance of PC5-V2I/I2V and/or PC5 V2V (especially in case of Urban case with 15km/h), it can consider further enhancements e.g., traffic offloading to multiple carriers, switching between PC5 and Uu for transport of V2X messages. We note that this is also mentioned in [2] where a similar issue was observed due to the increased load by pedestrian transmissions.
Observation 1: When PC5-V2I/I2V and PC5-V2V share the same carrier, there is some performance degradation in PC5-V2V and PC5-V2I/I2V outperforms PC5-V2V. 

Observation 2: To increase the performance of PC5-V2I/I2V and/or PC5 V2V, it can consider further enhancements e.g., traffic offloading to multiple carriers, switching between PC5 and Uu for transport of V2X messages.
3. Conclusion
This contribution provided the evaluation results of ‘PC5-V2I/I2V including PC5-V2V’. The following observations were made based on these results:
Observation 1: When PC5-V2I/I2V and PC5-V2V share the same carrier, there is some performance degradation in PC5-V2V and PC5-V2I/I2V outperforms PC5-V2V. 

Observation 2: To increase the performance of PC5-V2I/I2V and/or PC5 V2V, it can consider further enhancements e.g., traffic offloading to multiple carriers, switching between PC5 and Uu for transport of V2X messages.
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