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1. Introduction
RAN1 had email discussions [83-05] and [83-06] for evaluation assumptions for V2I and V2P. The following agreements were made in these discussions:

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

Agreements of [83-06] for V2P
· Companies should explain how to combine V2P (i.e., Vehicle UE transmission and Pedestrian UE reception), P2V (i.e., Pedestrian UE transmission and Vehicle UE reception), V2V and assume half duplex constrain in the evaluation

· Separate statistics for P2V, V2P, V2V

· Bandwidth for V2P and P2V

· Baseline: 10 MHz (i.e., Same as that defined in V2V)  

· Latency requirement for V2P and P2V

· For V2P,

· ‘100ms’ latency requirement (i.e., Same as that defined in V2V)

· For P2V,

· Baseline: ‘100ms’ latency requirement 

· When another value of latency requirement larger than 100ms (e.g., 1000ms) is assumed in the evaluation, companies should explain it. 

· Inter-Pedestrian UE distance for V2P and P2V

· The inter-pedestrian UE distance (m) is calculated by ‘A/500’, where ‘A’ is the total length of sidewalk where the Pedestrian UEs are dropped under the assumption of ‘N’ road grids (i.e., ‘{(250m – 17m) + (433m – 17m)} X 2 X N’). For example, if the Pedestrian UEs are dropped in ‘14’ road grids, the inter-pedestrian UE distance (m) is ‘36.344’.

· Companies should explain how many road grids (i.e., ‘N”) are assumed in the evaluation.

· Traffic model for Vehicle UE’s transmission in case of V2P 

· The existing traffic model of V2V is reused. 

· Traffic model for Pedestrian UE’s transmission in case of P2V 

· The message size is fixed at 300 Bytes and transmission frequency is 1 Hz.

· Performance metric for Pedestrian UE in case of V2P

· The power consumption model defined in TR 36.843 is used as an additional performance metric to evaluate the power consumption caused by the reception of Pedestrian UE. 

· To evaluate the reception ratio of Vehicle UE’s transmission packet, the existing performance metric of V2V (i.e., PRR) is reused with the following modifications. 

· PRR is calculated under the assumption that Vehicle UE’s packet transmitted during the time when Pedestrian UE sleeps is regarded as the failure of reception.

· Target range for CDF of PRR and average PRR is the half of that defined in V2V.

· FFS on whether/how to investigate the impact of bursty reception failure caused by sleep of Pedestrian UE over consecutive subframes.

· Performance metric for Vehicle UE and Pedestrian UE in case of P2V

· To evaluate the reception ratio of Pedestrian UE’s transmission packet, the existing performance metric of V2V (i.e., PRR) is reused with the following modifications. 

· Target range for CDF of PRR and average PRR is the half of that defined in V2V.

· The power consumption model defined in TR 36.843 is used as an additional performance metric to evaluate the power consumption caused by the transmission of Pedestrian UE. 

In this contribution, remaining issues in the traffic model and performance metric are discussed.

2. Discussions 
We think that the following issues can be discussed in this agenda.

2.1. Traffic model for V2I/I2V
The message size for V2I is not completed yet. To be specific, only the message generation frequency was agreed and the message is still an open issue. For traffic model 1, the same message size as V2V seems reasonable as the message generation frequency is the same. For traffic model 2, the following two use cases in [1] can be the reference:
· V2N Traffic Flow Optimisation (5.15)
· [PR.5.15.5-001] The E-UTRAN shall be capable of transferring V2X messages via LTE network entities between a UE and a serving entity both supporting V2N Service with variable message payload of 50-300 Bytes.
· Curve speed warning (5.16): 

·  [PR 5.16.5-005] The E-UTRA(N) shall be able to support a message size of 50-400 Bytes to transfer V2X messages.
Considering these use cases, a fixed message size of 300 Bytes can be assumed for traffic model 2.
Proposal 1: The message size is the same as that of V2V traffic model for V2I/I2V traffic model 1, and is fixed to 300 Bytes for V2I/I2V traffic model 2.

Another missing part is the location of I2V message generation in the freeway case. As I2V message is generated at the intersection in the urban grid case which is the same as the location of UE type RSU, the same principle can apply to the freeway case.

Proposal 2: For the freeway case, I2V message generation points are “uniformly located with 100m spacing in the middle of the freeway.”
2.2. Communication range for V2I/I2V
The communication range of V2I is FFS. The discussion can be separated for V2I traffic model 1 and 2.
For traffic model 1, the target range of V2V can be the basis because at least some use cases have the same requirement. An example is V2I Emergency Stop Use Case in [1] which has “[PR.5.6.5-004] The E-UTRAN shall be capable of supporting communication range between a UE and a roadside unit both supporting V2I Service sufficient to give driver(s) ample response time (e.g 4 seconds).” Considering that the infrastructure has no mobility, similarly to the agreement on V2P, the communication range of V2I/I2V can be half of V2V range.
For traffic model 2, the target range can be longer as some use cases require to cover much wider area. For example, for the use case of V2N Traffic Flow Optimisation (5.15), [1] states “To enable this information about vehicles approaching traffic lights has to be made available well in advance i.e. in most cases beyond ProSe range.” A similar statement can be found for the use case of V2N Use Case to provide overview to road traffic participants and interested parties, “Doing so, information broadcasted by the network gives RTPs an overview perimeter of the size of the coverage area beyond the perimeter provided by direct communication.” Assuming that the communication range of V2V in the current agreement represents typical values for the coverage of ProSe (or direct communication), a longer range needs to be considered for traffic model 2. RAN1 can take 500 m and 1000 m for urban grid case and freeway case, respectively. 500 m for the urban grid case intends to deliver the message generated in the next intersection, and 1000 m for the freeway case is obtained by applying a similar scaling to the communication range for V2V.
Proposal 3: The communication range is half of that of V2V for I2V traffic model 1. For I2V traffic model 2, it is set to 500 m and 1000 m for urban grid case and freeway case, respectively.
Consideration needs to be given to the location of the reference point in determining the communication range in case of Uu-based V2I/I2V. V2I transmission in Uu means UL, and it should be assumed that a vehicle UE transmits UL to its serving cell, with the possibility of joint reception in neighboring cells as well in a UE transparent manner (i.e., UL CoMP). As this reception will be transferred to any relevant network node, no definition of the communication range is needed for this. Instead, it needs to be checked whether vehicle UEs UL transmission can be reliably received in the network. 
2.3. Impact of UE sleeping in V2P
A discussion in [83-06] is whether a pedestrian UE needs to monitor vehicle transmissions continuously. According to the agreement, a packet is considered as a failure if it is transmitted during the sleep period of a pedestrian UE. Thus, in order to keep the PRR at an acceptable level, a pedestrian UE is able to sleep only in a subframe where vehicles within the target range do not attempt message transmissions. If each pedestrian UE monitors all the transmissions from vehicles within the target range, the performance metric has no difference from what is defined for V2V. Thus no additional performance metric is needed to observe the bursty error caused by UE sleeping.
Proposal 4: RAN1 assumes that a pedestrian UE can sleep only in a subframe where vehicles within the target range do not attempt message transmissions.
3. Conclusion
This contribution discussed the remaining issues in the traffic model and performance metric. The discussion can be summarized as follows:
Proposal 1: The message size is the same as that of V2V traffic model for V2I/I2V traffic model 1, and is fixed to 300 Bytes for V2I/I2V traffic model 2.

Proposal 2: For the freeway case, I2V message generation points are “uniformly located with 100m spacing in the middle of the freeway.”
Proposal 3: The communication range is half of that of V2V for I2V traffic model 1. For I2V traffic model 2, it is set to 500 m and 1000 m for urban grid case and freeway case, respectively.
Proposal 4: RAN1 assumes that a pedestrian UE can sleep only in a subframe where vehicles within the target range do not attempt message transmissions.
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