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1 Introduction

The V2X SI [1] includes as part of its scope the consideration of the V2P use case, and defining the necessary enhancements for the PC5/Uu transport for V2P services.

In the current SI TR [2], the aspects to be discussed for V2P are the following:

7.1
PC5 interface

At least the following aspects need to be discussed for PC5-based V2P

· Evaluation results on potential V2V performance degradation if “P” transmits in the same carrier and if V2P performance can meet requirements to conclude observation on performances

· Feasibility of reusing PC5-based V2V to V2P

             - To conclude which case needs further enhancements over PC5-based V2V

- 
Power consumption for transmission or reception of “P”

- 
Complexity of the UE supporting transmission of “P”

- 
Note that V2P includes both directions

7.2
Uu interface

Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2P:

· Optimization on set of cells performing the same multicast/broadcast

· Multicast/broadcast transmission based on PDSCH/PMCH

Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2P:

· UL enhancement (e.g., SPS enhancement, SR enhancement)

In the SA1 study item on V2X [3], V2P use cases are defined in which the pedestrian UE is both the received (V2P) and the transmitter (P2V).  In addition, a main requirement in SA1 related to these use cases is related to power consumption:

[PR.5.22.5-004] The power consumption of a UE supporting V2P Services (i.e. used by pedestrian) only shall be minimized.
In this contribution, we investigate further the aspect of power consumption for V2P.
2 Discussion
Power consumption is a requirement for V2P specified in [3] because the pedestrian UE is a handheld rather than a vehicle with somewhat unlimited battery power.  The use cases for V2P will depend on whether the pedestrian is the transmitter (P2V) or the receiver (P2V)
2.1 Pedestrian as the Transmitter (P2V)
The target use case for P2V is the “Pedestrian Road Safety via V2P awareness messages” use case, whereby a pedestrian UE broadcasts awareness messages regarding location and speed to vehicles in the vicinity.  Such messages will likely be periodic in nature and will require transmissions at least as frequent as 100ms to meet V2X service requirements.    

Since the pedestrian UE messages are needed only when the pedestrian is in the vicinity of a road, intersection, or other location where it may need to transmit its position to oncoming vehicles, one obvious enhancement to reduce power consumption in the P2V case is to enable P2V awareness messages based on the location of the UE and its proximity to these target locations.  For example, a UE which is indoors will not need to transmit periodic awareness messages and can operate with the V2P service disabled.
Observation 1 Power consumption reduction in the P2V case can be achieved by enabling P2V awareness messages based on the location of the UE.

Another method for reducing power consumption would be to allow coordination between multiple pedestrian UEs moving together in the same or similar direction, such as in a crowded street scenario.  In this scenario, a single pedestrian UE may transmit the periodical awareness messages on behalf of multiple UEs.  The UEs may coordinate with eachother rather infrequently in order to determine which UE should transmit the awareness message and on behalf of which other UEs, and could use a low-power transmission RAT such as Bluetooth for the coordination. 

Observation 2 Power consumption reduction in the P2V case can be achieved by using coordinated transmissions between multiple UEs have the same location and heading.

While the above methods can reduce power consumption in the P2V use case, they are likely to be implemented in the application layer and would not require any AS enhancements.  Specifically, determination of the UE location relative to its indoor/outdoor position would require GPS and map support, and the application layer could disable/enable P2V awareness messages based on information it obtains from these other applications.  Similarly, coordination between different P2V applications at the pedestrian UEs is also something that would be limited to the application layer.    

Proposal 1 Provisions for reducing power consumption in the P2V case can be made at the application layer without need of any AS enhancements.

2.2 Pedestrian as the Receiver (V2P) 

The target use case for V2P is the “Warning to Pedestrian against Pedestrian Collision”, where the Pedestrian UE monitors transmissions of V2X messages from surrounding vehicles to determine (based on the speed, location, and heading of any vehicles in the vicinity) if there is any imminent danger to the pedestrian.  Similar to the case of transmission, such message monitoring functionality could be disabled for UEs which are in a location where V2P messages are irrelevant (e.g. indoors).      

Observation 3 Methods described for power consumption reduction in P2V are also applicable to P2V use cases.

In the case where a UE is the vicinity of a road or intersection, the UE needs to be able to receive all messages from surrounding vehicles so that the V2P service can determine which messages are relevant based on the relevant location and heading of the pedestrian and vehicles and determine whether there is imminent danger for the pedestrian UE.  The majority of such messages, however, may be irrelevant to the pedestrian UE as they may come from vehicles which are too far from the pedestrian to pose a risk, from vehicles who’s heading pose no risk, or from vehicles which are stationary, to name a few examples.  In addition, the number of irrelevant messages will increase for urban areas where the vehicle density is greater. 
Observation 4 The pedestrian UE in the V2P use case will need to receive and process a large amount of messages which are irrelevant or unnecessary.

In order to avoid unnecessary processing by the UE, the AS would need a mechanism to receive only relevant messages based on vehicle dynamics relative to the pedestrian UE.  For instance, in the case of location, the UE would need to be able to receive only V2P messages transmitted by vehicles within a specific range of the pedestrian UEs location.  

The methods used to enable selective reception of messages by the pedestrian UE would depend on the transport used for the V2P messages:

· For V2P transmitted via PC5, messages could be transmitted on different pools (which correspond to different locations) and the UE may listen only to those pools which are relevant to its current location

· For V2P transmitted via Uu and SC-PTM in the DL, messages could be sent using different group RNTIs (which correspond to different locations) and the UE may listen only to those pools relevant to its current location

· For V2P transmitted via Uu and eMBMS in the DL, messages could be sent using different TMGIs (which correspond to different locations) and the UE may listen only to those pools relevant to its current location 

Observation 5 PC5 pool, group RNTI, and TMGI may be mechanism leveraged to limit reception processing at the UE.

The zone concept being developed for V2V in RAN2 could be leveraged to allow the UE to determine its location based on network-specified criteria, and such a concept may be extended to include other vehicle dynamic information such as speed and heading.  A pedestrian UE may potentially receive from the pool, TMGI, or group RNTI associated with relevant messages in the zone it resides.  
Proposal 2 RAN2 to study the association of location and vehicle dynamic information to group RNTI, TMGI, or PC5 resource pool, as a method to reduce pedestrian UE power consumption.
3 Conclusion

In this contribution the following observations we made related to power consumption in V2P:
Observation 6 Power consumption reduction in the P2V case can be achieved by enabling P2V awareness messages based on the location of the UE.

Observation 7 Power consumption reduction in the P2V case can be achieved by using coordinated transmissions between multiple UEs have the same location and heading.

Observation 8 Methods described for power consumption reduction in P2V are also applicable to P2V use cases.

Observation 9 The pedestrian UE in the V2P use case will need to receive and process a large amount of messages which are irrelevant or unnecessary.

Observation 10 PC5 pool, group RNTI, and TMGI may be mechanism leveraged to limit reception processing at the UE.

As a result of the above observations the following proposals were made:

Proposal 3 Provisions for reducing power consumption in the P2V case can be made at the application layer without need of any AS enhancements.

Proposal 4 RAN2 to study the association of location and vehicle dynamic information to group RNTI, TMGI, or PC5 resource pool, as a method to reduce pedestrian UE power consumption.

4 References

[1] RP-151109 New SI Proposal: Feasibility Study on LTE-Based V2X Services
[2] 3GPP TR 36.885 V1.0.0 (2016-03) Study on LTE-based V2X Services
[3] 3GPP TR 22.885 V14.0.0 (2015-12) Study on LTE support for Vehicle to Everything (V2X) services.

3/4


