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1 Introduction

A study item on LTE V2X services was agreed in RAN Plenary #68 meeting [1], which requires the study on V2P and V2I/N as main scenarios. In the email discussion after RAN1#83, i.e. [83-05], a good progress was achieved on V2I/N and I/N2V evaluations and the agreed assumptions are,
·  “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 scenariowith 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
In this contribution, we provide our views on the remaining open issues for V2I/N evaluations. Some of them may be left as company choices in the evaluation. A companion contribution on V2P is provided in [2]. 
2 Discussions 
UE type RSU operates on PC5, so that V2I, I2V can co-exist with V2V in the same carrier using the same/similar mechanism. According the email discussion, the traffic amount from vehicle is assumed to be same as previous V2V evaluation. Then, due to the new traffic from infrastructure, the total traffic load in an area is increased. As a result, the issue of mutual interference becomes more severe. The above impact is actually location dependent. Since UE type RSU is only assumed to be located at the intersection, traffic load will also cumulate to a range near intersection hence the high interference level can be expected in this area. Such impact may need to be considered in the evaluation. 
On the other hand, eNB type RSU operates on Uu link, i.e. sharing LTE uplink channel resources with cellular transmissions. The subset of Uu subframes which are assigned to RSU transmission should be indicated, and it does not seem reasonable if we assume all resources are allocated to RSU. Therefore, the ratio of assigned resource for RSU can be a factor to classify the results. Unlike UE type RSU, the signal from eNB type RSU normally can reach everywhere in the cell hence a larger coverage could be supported. Due to the cellular deployment of eNB, it is possible that an area of interest for V2I/I2V is actually covered by multiple cellular cells. 
One remaining issue from email discussion is regarding the communication range for V2I/I2V. In PC5 V2V evaluation, communication range comes from 4 sec response time (Input to RAN1 by examples from SA1). The calculation considers the maximum relative speed between vehicles. The similar principle could be reused at least for UE type RSU, since they also use PC5 as V2V. Communication range could be defined by a circle with centre point at the intersection. An UE type RSU never moves, so the range can be half as that used for V2V evaluation, which will maintain a similar level of minimum requirement. As a comparison, the communication range seems decoupled from the location of eNB type UE. According to the email discussion, eNB type RSU will be located at the place of eNB hence reusing the existing dropping method, while the interested communication range is anyway near to the intersection. Due to the normally seamless coverage of cellular eNB, communication range can be slightly larger than the case of UE type RSU. In fact, the size of communication should be actually dependent on the service type communicated. Under the control of eNB scheduler on Uu link, the interference among vehicles can be coordinated. Hence, the performance for V2I/I2V can be satisfied though only partial time resources can be available for RSU transmission. The proposal of 500 m/1000 m range from the email discussion sounds acceptable. 
According to the discussion so far, there are actually multiple combinations of V2I/I2V evaluations, e.g. different urban/freeway scenarios, different RSU type, different traffic pattern, etc. Due to the limited meeting time allocated to V2X, it may need clarification on the priorities of different case. However, since the operation of UE type RSU and eNB type RSU are completely different, it seems necessary to evaluate at least one case for each RSU type. 
Observations

· Half communication range compared to Rel-13 V2V for V2I/N and I/N2V by UE type RSU.
· For eNB type RSU, communication range is also an area near the intersection as UE type RSU, but enlarged range is possible due to the large coverage of eNB. 500m/1000m range from the email discussion is acceptable
3 Conclusions
Based on email discussion outcomes [83-05], we provide our views on some uncertain points in V2I/N and I/N2V evaluations, 
Observations

· Half communication range compared to Rel-13 V2V for V2I/N and I/N2V by UE type RSU.
· For eNB type RSU, communication range is also an area near the intersection as UE type RSU, but enlarged range is possible due to the large coverage of eNB. 500m/1000m range from the email discussion is acceptable
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