
3GPP TSG RAN WG1 Meeting #84
R1-160737
St Julian’s, Malta, 15th – 19th February 2016
Agenda Item:
7.3.3.2.4
Source:
Huawei, HiSilicon

Title:
Consideration on PC5 support for V2P
Document for:
Discussion and decision

1 Introduction

In RAN#68 meeting, the feasibility study on LTE-based V2X Services [1] was agreed. Three V2X services are included: V2V, V2I/N, and V2P. In this paper, we discuss PC5 support for V2P/P2V.
2 Discussions

2.1 V2P/P2V Service Requirements from SA1
The consolidated potential requirements identified in SA1 TR that involve RSU are summarized in the table below.

Table 1. Service Requirements and Use Cases Involving Pedestrian
	No
	Potential Requirements
	Corresponding Use Cases
	Requirement Category

	1
	[CPR-005]
The E-UTRAN shall be capable of supporting a communication range sufficient to give the driver(s) ample response time (e.g. 4 seconds) even when an RSU is involved. 
	① ② ③
	Communication range 

	2
	[CPR-010]
For UE supporting V2X Service with limited resources (e.g., battery), the impact on the resources (e.g., battery consumption) of V2X message transfer should be minimized.
	① ② ③
	Power consumption minimization

	3
	[PR.5.18.5-007] 
The E-UTRA(N) shall be able to support a maximum frequency of 1 V2X message per second.
	②
	Transmission frequency 

	4
	[CPR-014]
The E-UTRA(N) shall be capable of transferring V2X messages between two UEs supporting V2V/P Service, directly or via an RSU, with a maximum latency of 100ms.
	① ② ③
	Communication latency (V2V via RSU)

	5
	[CPR-019]
The E-UTRA(N) shall be capable of transferring periodic broadcast messages between two UEs supporting V2X Services with variable message payloads of 50-300 bytes, not including security-related message component.
	① ② ③
	Message size

	6
	[CPR-020]
The E-UTRA(N) shall be capable of transferring event-triggered messages between two UEs supporting V2X Services with variable message payloads which can be up to 1200 bytes, not including security-related message component.
	① ② ③
	Message size

	7
	[CPR-031]
The E-UTRAN shall be capable of transferring V2X messages between UE supporting V2V and/or V2P Service and between UEs and RSU supporting V2V and/or V2I Service with a maximum absolute velocity of 160 km/h. 
	① ② ③
	Velocity


Note: 

1 Warning to Pedestrian against Pedestrian Collision (Section 5.17 in SA1 TR [2])

2 Vulnerable Road User (VRU) Safety (Section 5.18 in SA1 TR [2]) 

3 Pedestrian Road Safety via V2P awareness messages  (Section 5.22 in SA1 TR [2])
Based on Table 1, the following observations are made:
Observation 1: Pedestrians should be able to transmit and receive V2X messages to/from vehicle UEs.

Observation 2: The traffic model of V2P is the same as that of V2V.
Observation 3: The traffic model of P2V is the same as that of V2V in terms of message size, but with lower transmission frequency (e.g., 1Hz).

Observation 4: Minimizing power consumption is an important service requirement for UEs with power limitations.
2.2 Enhancements for V2P/P2V based on V2V

Power consumption minimization is an important system design enhancement for V2P/P2V communications. This is due to the fact that a pedestrian UE normally has limited resources, in terms of computational capacity and battery, etc. Power consumption for UEs held by pedestrians can be considered from the following two aspects:
P2V message transmission:
To be effective at preventing pedestrian-vehicle collisions, pedestrians also need to transmit awareness messages on a constant basis. Due to the relatively lower speed compared with vehicles, pedestrians can send messages at a lower transmission frequency such as 1Hz. Nevertheless, pedestrians may not need to transmit at all occasions, especially when they are not exposed to potential collision risk, e.g., indoor scenarios. 

Proposal 1: To save power, pedestrians may not be required to transmit awareness messages when they are not exposed to potential collision risk.

V2P message reception:
The motivation for letting a pedestrian to send with a lower frequency is well justified: pedestrians normally move at sufficiently lower speeds, which translate into an equivalent requirement in the application layer that allows receiving packets with larger interval. But this does not necessarily mean that pedestrian can occasionally shut down radios and receive vehicle messages with large interval (e.g., receiving 1 message out of 10 in one second). This is because that a vehicle can move up to 20 meters (assuming 70km/h vehicle speed in urban) in one second. Providing the application layer with vehicle position updates every 1 second runs the risk of violating path estimation algorithm requirements. Therefore, power consumption minimization should be considered only when service requirements for V2P/P2V communications are maintained.
Proposal 2: Power consumption minimization should be considered only when service requirements for V2P/P2V communications are maintained.

3 Conclusion

In this contribution, we discussed V2P/P2V communications and make the following observations and proposals;
Observation 1: Pedestrians should be able to transmit and receive V2X messages to/from vehicle UEs.

Observation 2: The traffic model of V2P is the same as that of V2V.

Observation 3: The traffic model of P2V is the same as that of V2V in terms of message size, but with lower transmission frequency (e.g., 1Hz).

Observation 4: Minimizing power consumption is an important service requirement for UEs with power limitations.

Proposal 1: To save power, pedestrians may not be required to transmit awareness messages when they are not exposed to potential collision risk.

Proposal 2: Power consumption minimization should be considered only when service requirements for V2P/P2V communications are maintained.
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Appendix
System performances of V2P and P2V in urban scenarios are evaluated in this section. Detailed simulation settings are listed in Table 2. It is important to note that in all the simulations, a background 10Hz V2V traffic is assumed to be always present. Figure 1(a) and (b) show four performance curves for urban 60km/h and urban 15km/h, respectively. The four curves are:
· V2V: This curve shows the PRR of “V” when receiving messages from “V” (without pedestrian’s presence), mainly plotted for comparison purpose. 

· V2P (P not Tx): This curve shows the PRR of “P” when receiving messages from “V”. Note that “P” does not transmit messages in this case.
· V2P (P also Tx): This curve shows the PRR of “P” when receiving messages from “V”. Note that in addition to receiving messages from “V”, “P” also transmits messages in this case.

· P2V: This curve shows the PRR of “V” when receiving messages from “P”. Note that “V” also transmits messages in this case. 
Several observations can be drawn from Figure 1(a). In regards to V2P performances, letting additional “P” transmit only degrades V2P performance marginally, primarily due to lower “P” density compared with that of “V”. In addition, the performance curves of V2P (whether “P” transmits) are quite close to that of V2V. This is because the only difference from V2V evaluation is that there will be additional receivers (“P”) receiving the same traffic as the V2V evaluation from vehicles. Finally, we note that the performance of P2V is worse than that of V2P, partly due to lower antenna gain for pedestrians (0 dBi for “P” and 3 dBi for “V”) and thus lower received signal power at the vehicle side, and partly due to different “P” and “V” distributions and thus varied interfering environments. Similar trends can be observed for the urban 15km/h case in Figure 1(b). 
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Figure 1. Performance V2P/P2V mode 2 for urban scenarios
Table 2. Parameter setting for evaluation
	Parameter
	Assumptions

	Carrier frequency
	6 GHz

	Bandwidth
	10 MHz

	Inter-pedestrian distance
	36.344m (14 road grids)

	Transmission mode
	Mode 2

	V2P Traffic model
	Same as V2V

	P2V Traffic model
	300 Bytes @ 1Hz

	Antenna height of Pedestrian
	1.5 m

	Antenna gain of Pedestrian
	0 dBi

	Scenarios
	Urban 60 km/h;
Urban 15 km/h; 


Note: A background 10Hz V2V traffic is assumed to be always present. 
