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1
Introduction
In 3GPP RAN2 #91Bis, Uu based V2X scenarios were discussed. Scenario 2 and Scenario 3 (3 and 3B) were added into TR [1]. These new scenarios are primarily based on Uu interface. In these scenarios, Vehicles or UE type RSUs transmit their messages using unicast in uplink and receive it either unicast or broadcast way. In this document downlink related aspects are discussed.
2
Discussion
Following V2X scenarios are considered for study [1]:
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(a)Scenario1






(b) Scenario2
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(c) Scenario3






(d) Scenario3B
Figure1. V2X scenarios considered in [1]
Vehicle or UE type RSUs transmit on Uu UL and Receive on Uu DL. Uplink is unicast whereas downlink can be unicast or broadcast. Broadcast mechanism is more suitable for V2V type of messages where a message transmitted by a vehicle should be received by all vehicle around that Vehicle. There are three types of broadcast possible:

1. eMBMS based broadcast

2. SCPTM based broadcast

3. eNodeB based localized broadcast

eMBMS and SCPTM based broadcast are well known. For both eMBMS and SCPTM case message generated by a vehicle needs to travel all the way to a server and then comes back to the same eNB (and neighbour eNBs) for transmission on DL. V2V messages are by nature local messages i.e. generated by a vehicle and consumed by nearby vehicles. Therefore, journey of a message to and from a server adds unnecessary latency, which can be avoided. In case of Local broadcast, the eNB that receives message from a vehicle share this message with its neighbours using X2 interface and then the message is broadcasted by these eNBs to cover the desired area minimizing the latency of transmission.  
Proposal 1: Consider eNodeB based localized broadcast for Uu based V2X communication. 
For V2V message, it is important to cover an area of certain desired radius around the source vehicle so that vehicles in that area can receive the message. In case of Uu based broadcast (i.e. eMBMS/SCPTM/eNodeB based localized broadcast) it becomes important that optimal number of eNBs broadcast the message so that it covers desired area and at the same time it does not waste radio resources by broadcasting the message in larger than required area. In next section, we preliminarily study the impact of exploiting location aware broadcasting on system resources consumption.

2.1 Location aware broadcasting

For V2V messages the requirement is that the messages transmitted by source vehicle should be received by all other vehicles that is less than d meters away from it. This is done by 1) the source vehicle sends messages to the eNB uu-UL and 2) the LTE network broadcast this message back to other vehicles in an Area of Interest (AoI) around the source vehicle using the downlink. The AoI of a vehicle is a disk of radius d meters centered at it. 

If the location of the vehicle is not known to the LTE-network, the network has to pessimistically estimate the vehicle AoI as the possible area that the vehicle can be in, e.g. its associated cell coverage area, widen by a radius d. Any cell that intersects with this estimated AoI, hence, has to broadcast message in order to satisfy the requirement. On the order hand, if the location of the source vehicle is known, only the cells that intersect with the exact AoI (i.e. the disk of radius d) have to broadcast the message. As shown in Figure 1 below the number of broadcasting cell may be significantly reduced if we make use of the source vehicle location in the downlink broadcast planning.   
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Figure 1
In Figure 1:

· The referred macro consists of 3 cells, numbered 0, 1 and 2. The reference cell is cell 0.

· Two examples of possible car locations are positions x and y in cell 0. The AoI radius is d. The AoIs of x and y are the disks of radius d centered at x and y, respectively.

· If the car location is not known, the cells that need to perform downlink broadcast are cells 0, 1, 2, 3, 4, 5 and 6, as all these cells are neighbour of cell 0.

· If the car location is known, then cells that need to perform downlink broadcast for x are cells 0, 5, 6 and for y only cell 0 needs to perform downlink broadcast. 

In Figure 2, we plot the number of broadcasting cells needed for the two schemes discussed, i.e., with and without known vehicle location. The AoI radius is normalized w.r.t. the cell coverage radius. In this simulation, we consider a honeycomb grid of macros with hexagonal coverage; each macro consists of 3 cells – corresponding to a sector each. A vehicle is randomly dropped inside a cell and for a given normalized AoI radius the number of cells that need to perform downlink broadcast is calculated. 

We make the following observations:

· The number of broadcasting cells are smaller for the location aware scheme. For example when ratio of AOI radius (d) and cell radius is 0.5 then there location aware broadcasting provides a gain of 2.75x. The number of cells broadcasting goes down from 11 to around 4.
· The gain is much more for small values of the ratio.

· There seems to be a kind of constants gap between the numbers of broadcasting cells in case of location blind broadcast and location aware broadcast scheme. 

· The exact vehicle location does not seem to affect too much the number of relaying cells.

We also observe that for the location blind broadcasting case, we have a stair function, which stems from the honeycomb nature of the macro layout. On the other hand, the average value over all possible locations gives us a continuous curve.
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Figure 2
Observation 1: Location aware broadcast (for all downlink broadcast mechanisms eMBMS, SCPTM or eNodeB based localized broadcast) saves considerable radio resources by not broadcasting the message in larger than required area.
Proposal 2: Consider location aware broadcast for Uu based V2V communication.
3
Conclusion 

In this contribution we discussed Uu based V2V. We propose:
Proposal 1: Consider eNodeB based localized broadcast for Uu based V2X communication. 
Observation 1: Location aware broadcast (for all downlink broadcast mechanisms eMBMS, SCPTM or eNodeB based localized broadcast) saves considerable radio resources by not broadcasting the message in larger than required area.
Proposal 2: Consider location aware broadcast for Uu based V2V communication.
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