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1. Introduction

In RAN1#82, several aspects for PC5-based V2V operation are agreed [1]. RAN2 also made an extensional discussion on Uu based V2V [2]. This contribution discusses remaining operational aspects and necessary functionality of V2X, PC5/Uu-based V2I, V2P and Uu-based V2N which are described in the SID.
2. Discussion

2.1. PC5/Uu-based V2I
As described in the SID, RSU could be introduced based on eNB or UE. Major functionality is to provide transport traffic between RSU and other UEs. Thus it is straightforward to assume that PC5-based V2I is operated by UE-type RSU and Uu-based V2I is operated by eNB-type RSU. Typical operation for I2V will be multi-cast/broadcast considering use cases listed in [3]. V2I traffic will be quite similar to V2V. In the following, we discuss further aspects on RSU functionality: eNB control, synchronization and RSU identification.
For Uu-based V2I/I2V, eNB control is always assumed in uplink and downlink. eNB can handle mixed traffic among WAN and Uu-based V2Xs. Synchronization reference should also be eNB. In the SID on the V2X architecture [4], RSU is described as “transportation infrastructure entity (e.g. an entity transmitting speed notifications), which is implemented in an eNB or a stationary UE”. Thus RAN1 can assume that RSU application is implemented in the eNB for Uu-base V2I/I2V, i.e., U-plane is terminated in the eNB. But if eNB termination is assumed, mobility issue could be raised. Such concern on the mobility should be clarified or resolved by other WGs. So existing mobility model is assumed unless any input from other WGs. Similarly, whether RSU can share application layer information among neighbor RSUs via central server or backhaul should be clarified for detailed discussion –in our view, RSU should be able to provide road side information within specific area which partially overlaps with neighbor RSUs for service continuity. This aspect is related to whether downlink transmission is based on SC-PTM or MBSFN. Regardless the mobility and downlink transmission scheme, at least UE needs to be able to search any eNB where V2I/I2V is operated in order to access to RSU in proximity. Otherwise UE may connect to the eNB which is not reachable to RSU application. If existing carrier is utilized for Uu-based V2I, such situation is likely happen. Necessity of further optimized RSU discovery is FFS.
Observation 1: For Uu-based V2I/I2V, eNB control is always assumed in uplink and downlink.

Observation 2: For Uu-based V2I/I2V, existing mobility model is assumed.

Observation 3: For Uu-based V2I/I2V, UE needs to be able to search any eNB where V2I/I2V is operated.
For PC5-based V2I and I2V, PC5-based V2V can be considered as a reference model for study. At least radio resource for I2V should be protected from V2V, V2I V2P and P2V. Further control by network, radio parameter control and resource allocation is expected similar to PC5-based V2V. Same synchronization as PC5-based V2V will also be applied. As it is multicast/broadcast on PC5, vehicle UE can receive from multiple neighbour RSUs in parallel. However, it is possible that UE is not able to monitor all the traffic in same carrier or different carrier due to limited UE capability or half duplex constraint. Similarly, if there is RSU in proximity of vehicle UE and UE has high priority traffic for V2I, UE may prioritize V2I transmission rather than other V2X operation while UE may not transmit V2I if there are no RSU in proximity. Therefore, RSU discovery in either layer should be supported.
Proposal 1: For PC5-based I2V, radio resource needs to be protected from other PC5-based operation, i.e., PC5-based V2V, V2I, V2P and P2V.
Observation 4: Vehicle UE can receive PC5-based I2V traffic from multiple RSUs in parallel.
Observation 5: For PC5-based V2I/I2V, RSU discovery is necessary.

Furthermore, some congestion control by RSU is considered for both eNB-type and UE-type RSU. For example, RSU directed transmission rate adaptation is described in TR 22.885. V2V, V2I and V2P are also under the scope of the congestion control. If RSU assisted congestion control is possible, performance of PC5-based V2V could be enhanced. So RAN1 should discuss possible congestion control mechanism including options exploiting RSU because RSU is stationery entity and probably be aware of local congestion level. For eNB-type RSU, the congestion control is covered by existing resource allocation and power control etc. Even for UE-type RSU, congestion control is partially possible. For instance, application layer parameter suggestion or control signalling via network based on reporting from UE-type RSU is considered. Detailed congestion control mechanism needs further study.
Proposal 2: RSU has functionality of congestion control by either direct instruction or indirect instruction.
Regarding the impact on the operational scenario, we consider no significant impact is expected on the operational scenario. Minor editorial modification is considered to include V2I. Above aspects will be considered in the evaluation assumption and possible enhancement.
2.2. PC5/Uu-based V2P

As for V2P, there is no clear differentiation in terms of operational aspects compared to V2V although use-case is different. Most significant issue for V2P is UE battery consumption. Thus necessity enhancement from V2V in terms of power consumption will be mainly studied. Rel-12 D2D discovery could be considered as a baseline for acceptable power consumption.
Proposal 3: PC5-based/Uu-based V2P has same operational scenario as PC5-based/Uu-based V2V.

2.3. Uu-based V2N

For V2N, difference from V2I is not clearly defined by SA1. So RAN1 can de-prioritize the study on V2N until detail is clarified.
3. Conclusion

In this contribution, we discussed deployment scenario and evaluation model for V2x. Observations and proposals are summarized below.
· Observation 1: For Uu-based V2I/I2V, eNB control is always assumed in uplink and downlink.
· Observation 2: For Uu-based V2I/I2V, existing mobility model is assumed.
· Observation 3: For Uu-based V2I/I2V, UE needs to be able to search any eNB where V2I/I2V is operated.
· Observation 4: Vehicle UE can receive PC5-based I2V traffic from multiple RSUs in parallel.
· Observation 5: For PC5-based V2I/I2V, RSU discovery is necessary.
· Proposal 1: For PC5-based I2V, radio resource needs to be protected from other PC5-based operation, i.e., PC5-based V2V, V2I, V2P and P2V.
· Proposal 2: RSU has functionality of congestion control by either direct instruction or indirect instruction.
· Proposal 3: PC5-based/Uu-based V2P has same operational scenario as PC5-based/Uu-based V2V.
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