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1. Introduction
In RAN#68, V2x study item has been agreed. Study on support of PC5/Uu transport for V2I/N is included in the second phase of study (to be completed by RAN#72 – June 2016), including Identifing and evaluating enhancements required to support each of eNB type and UE type RSU [1]. In RAN1#83, the evaluation assumptions on V2I/I2V evaluation have been agreed for both eNB type RSU and UE type RSU. 
In this contribution, we will discuss the necessary RSU functionality to support V2x services. Furthermore, we will provide the initial evaluation results on PC5 based V2I and I2V communication for UE type RSU, and evaluation results on Uu based I2V for eNB type RSU.
2. RSU functionality

RAN1 has sent LS to SA on the functionality of eNB type RSU and UE type RSU [2]. Generally speaking, different functionality can be assumed for these two types of RSU. 

For eNB type RSU, Uu interface is assumed for communication between RSU and the vehicle UEs, and all eNB functionalities are assumed. Therefore, eNB type RSU may control the radio resource using existing signalling and mechanism as an eNB.  For UE type RSU, communication over PC5 is assumed between RSU and vehicle UEs. UE type RSU may not have radio control capability to vehicle UEs. However, it is not precluded that UE type RSU can help the radio control indirectly by reporting to eNB or ITS server. 

Observation 1: eNB type RSU can have radio control capability as an eNB but UE type RSU may not have direct radio control capability

As UE type RSU is generally deployed in fixed position and is assumed as an infrastructure, the requirement on energy efficiency and device complexity can be relaxed compared with legacy UE. Therefore, UE type RSU can be assumed to be always RRC_connected, and it should have enough capabilities for simultaneous reception of Uu and PC5. Assuming that UE-type RSU is RRC_CONNECTED, eNB can avoid simultaneous transmission on uplink and sidelink. Therefore, the UE-type RSU may not need to be equipped with multiple Tx chains.
Observation 2: UE type RSU can be assumed to be always RRC-connected, and have the capability for simultaneous reception of Uu and PC5.

To discover I2V services, a vehicle UE may need to distinguish eNB type RSU from legacy eNBs, and distinguish UE type RSU from normal vehicle UE. For eNB type RSU, the information to identify RSU functionality can be carried by SIB signalling, so RRC_idle UE can also learn the information. The details of the signalling can be discussed in RAN2. For UE type RSU, the UE can directly distinguish UE type RSU from other UEs by receiving I2V message from RSU. As it is PC5 operation, vehicle UE is able to receive I2V messages from multiple RSUs in parallel. Vehicle UE can be aware of the frequency on which UE type RSU operates by eNB configuration when in NW coverage or by pre-configuration when out of NW coverage.
Observation 3: vehicle UE can discover I2V service from eNB type RSU by SIB signalling; while discover I2V service from UE type RSU by data monitoring on PC 5.
As I2V data packets and V2V data packets are both transmitted over PC 5, if they are transmitted in the same radio resource pool, I2V traffic will be severely interfered by V2V communication, especially when vehicle UE density is high. Orthogonal resource pools can be allocated to I2V and V2V/I communication to protect I2V traffic. We will evaluate the performance of orthogonal resource pools for I2V and V2V/I in the evaluation section.
3. Evaluation 
Most of the evaluation assumptions align with the previous agreements on V2I evaluation. Urban scenarios with UE speed of both 15Km/h and 60 Km/h are evaluated. 

PC 5 based V2I and I2V – UE type RSU

The evaluation assumptions are shown in Table III in the appendix. For I2V evaluation of UE based RSU, traffic model 2 is considered, that is, traffic with same characteristics as PC5 based V2V are generated on each RSU. For V2I evaluation, it is assumed that V2V data packets are used also for V2I communications. In this initial evaluation we assume that the same DMRS pattern as V2V is used for I2V, and Comb based DRMS structure with 4 symbols per subframe is assumed in the evaluation. We may change the DMRS pattern assumption based on the progress in V2V WI discussion in the future. 
For simplicity, SA is not considered in the evaluation and random resource selection is assumed for data transmission. For each data packet, a single transmission is assumed. Two different assumptions on resource pools are made:
1) V2I/V2V and I2V share the same resource pool

2) V2I/V2V and I2V use orthogonal resource pools
For both assumptions, 50 ms scheduling period is assumed. For assumption 2, it is assumed that resource pools for I2V and V2V/V2I are TDMed, with 7 subframes for I2V and the other 43 subframes for V2V/V2I in each 50ms.

In Figure 1, the performance of PC5 based V2V, V2I and I2V communication on average PRR vs. distance is shown. It can be observed that using orthogonal resource pool for I2V communication can greatly improve the performance of I2V but has similar performance of V2V/V2I communications. Furthermore, by using orthogonal resource pool for I2V traffic, the performance of I2V communication will be hardly impacted by the density of vehicle devices.
Therefore, we propose:

Proposal 1: Orthogonal resource pool should be configured for I2V and V2V/I communications
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Figure 1: Average PRR vs. distance for PC5 based V2V, V2I and I2V (UE type RSU)

Uu based I2V – eNB type RSU

The evaluation assumptions are shown in Table IV in the appendix. For I2V evaluation for eNB based RSU, traffic model 1 is considered, that is, traffic with same characteristics as PC5 based V2V are generated at each crossing area. For each crossing, the traffic will be multicast to all vehicle UEs in multiple cells around the crossing area depending on the geographic location of crossing area. In Figure 1, the cells within which a data packet is generated at a crossing will be propagated is shown. For crossing within a cell’s coverage, i.e. crossing 1 in Figure 1, the packet generated at the crossing will be propagated within the cell and all its neighbour cells; for crossing at the cell boundary of multiple cells i.e. crossing 2, the packet generated at the crossing will be propagated in all the boundary cells. 
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Figure 2: Packet propagation for I2V communication with eNB type RSU
In PRR calculation for I2V evaluation of eNB based RSU, the distance is considered as the geographical distance from the centre of the crossing where the packet is generated to the receiving vehicle UE. SC-PTM is assumed as the DL multicast scheme in each cell. It is assumed that there is no eNB coordination among neighbour cells. Further, WAN traffic and vehicle UE handover impact are not assumed. 
In Figure 3, the performance of Uu based I2V on CDF of PRR when a=0 and b=150m is shown. QPSK with coding rate 0.53 and 0.22 are assumed. The resource utilization in each scenario is also shown in Table 1. The average PRR vs. distance are shown in Table II. It can be observed that good performance is achieved with low MCS value because inter-cell interference is limited due to small radio resource utilization. As it is not realistic operation that 10 MHz carrier is dedicatedly used only for I2V services which generate limited volume of traffic, further study would be needed on co-existence with other V2X service and/or non-V2X traffic in the same carrier. 
Therefore, we made observation:

Observation 4: Uu based I2V can achieve good performance with low MCS value and small radio resource utilization
Table I: resource utilization of Uu based I2V

	Scenario
	Resource utilization

	60KM/h, QPSK, 0.53
	0.0098

	60KM/h, QPSK, 0.22
	0.0226

	15KM/h, QPSK, 0.53
	0.0098

	15KM/h, QPSK, 0.22
	0.0226
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Figure 3: CDF of PRR (a=0, b=150m) for Uu based I2V (eNB type RSU)
Table II Average PRR vs. distance (m)

	
	0-20
	20-40
	40-60
	60-80
	80-100
	100-120
	120-140
	140-160

	60 km/h, QPSK, R=0.53
	0.89
	0.92
	0.92
	0.89
	0.89
	0.92
	0.90
	0.89

	60 km/h, QPSK, R=0.22
	0.96
	0.96
	0.94
	0.92
	0.92
	0.95
	0.93
	0.92

	15 km/h, QPSK, R=0.53
	0.89
	0.92
	0.92
	0.90
	0.89
	0.93
	0.89
	0.86

	15 km/h, QPSK, R=0.22
	0.95
	0.95
	0.94
	0.92
	0.92
	0.96
	0.93
	0.90


4. Conclusion
In this contribution, we have discussed RSU functionalities of UE based RSU and eNB based RSU. Furthermore, the performance of PC5 based I2V and V2I, Uu based I2V are evaluated by the simulations. Based on the simulation and discussions, we made the following observations and proposals:
Observation 1: eNB type RSU can have radio control capability as an eNB but UE type RSU may not have direct radio control capability

Observation 2: UE type RSU can be assumed to be always RRC-connected, and have the capability for simultaneous reception of Uu and PC5.

Observation 3: vehicle UE can discover I2V service from eNB type RSU by SIB signalling; while discover I2V service from UE type RSU by data monitoring on PC5.
Observation 4: Uu based I2V can achieve good performance with low MCS value and small radio resource utilization
Proposal 1: Orthogonal resource pool should be configured for I2V and V2V/I communications
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Appendix

Table III: Assumption on PC5 based V2V/I and I2V evaluation

	Carrier Freq.
	6GHz

	Bandwidth
	10MHz dedicated carrier

	Scenario
	Urban 60KM/h, 15KM/h

	RSU deployment
	At the middle of each crossing area (5m antenna)

	I2V traffic model
	Same as PC5 based V2v, generated at each RSU UE

	V2I traffic
	Same message as V2V message

	SA assumption
	No SA 

	Data transmission
	1 transmission per packet

Fixed packet size (16 PRBs for both 190 and 300 bytes packet)

	DMRS
	Reusing Comb based DMRS (4 symbols per subframe)

	Scheduling
	Random resource allocation, 3 orthogonal subchannels per subframe;

Shared resource pool for I2V and V2V/I or orthogonal resource pool


Table IV: Assumption on Uu based I2V evaluation

	Carrier Freq.
	2GHz

	Bandwidth
	10MHz for each of DL and UL in FDD

	Scenario
	Urban 60KM/h, 15KM/h

	Traffic model
	Same as PC5 based V2v, generated at crossing area

	Data propagation
	According to which crossing the packet is generated, the packet multicast in neighbor 7 cells or 3 cells

	DL assumption
	SC-PTM; no eNB scheduling coordination among cells

	WAN traffic
	No WAN traffic is assumed

	Impact of Handover
	Zero
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