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1
Introduction
In RAN2 #93, following agreements were made for Uu latency:
	· The latency requirements can be met for Scenario 2 for connected mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· Short scheduling period (i.e. SR or SPS period - 1ms and 10ms) 

· For MBSFN the scheduling period set to 40ms

· The latency requirements can be met for Scenario 2 using SC-PTM for idle mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· SR set to 1ms and 10ms 

· Scheduling period 10ms for mean and 1ms for max


In addition, for Uu capacity following agreements are made:

	· It is challenging to meet the DL capacity requirement for the urban cases.  We will study DL enhancements to improve the DL capacity.  

· Unicast cannot meet the capacity requirements for urban cases and freeway cases option 1. 

· We will focus on improvements to broadcast mechanisms.


In this document, some of the open issues of V2X communications are discussed.
2
Discussion
2.1 Vehicle to Pedestrian 
In this section, we provide numerical evaluation of pedestrian UE energy consumption for two scenarios. 

· V2P: Here a pedestrian UE is listening for V2V messages, possibly for a fraction of time. The pedestrian also transmits the BSM messages every second as agreed to in [2].

· P2V: Here a pedestrian UE only transmits a BSM message every second.

We use the energy consumption model agreed for D2D in Section A.2.1.6 of [3] and as agreed for V2X in A.1.6 of [2]. The model is shown below.

Following power consumption model shall be used. 

-
Sleep power = 0.01 unit per sub-frame

-
RX Power = 1 unit per sub-frame

-
TX power 

-
20 unit per sub-frame for 31 dBm 

-
1 unit per sub-frame for 0 dBm and below

-
Linearly scaled with transmit power between 1mW and 10^3.1mW

-
Assume 8 sub-frames are accumulated for synchronization with WAN

-
Synchronization is assumed to be reliable for 0.5s

-
GPS power = 0.08 unit per sub-frame

-
Average power consumption when GPS is used

-
Always on independently of other communications

· Paging cycle of 1.28 seconds is assumed.

For our calculations we assume a transmit power of 23dBm. This corresponds to 4 units transmit power per subframe. We note that for both V2P and P2V a pedestrian UE needs to know its location. For P2V a pedestrian UE needs its location to transmit on BSM. For V2P a pedestrian UE needs to know it location to calculate its distance from a vehicle from whom a BSM message is received. This can be used to calculate the distance between itself and the vehicle and take perform precautionary procedures if needed. So for both P2V and V2P power calculations GPS power consumption should also be included. 

Observation 1: Both V2P and P2V require a pedestrian UE to know its location. Therefore GPS power consumption should be taken into when calculating the power consumption of pedestrian UEs.

The energy consumption for each case is computed as follows:

· Baseline: The power consumed assume a paging cycle of 1.28 seconds:
Sleep power + (Rx power * 1 subframe + WAN synchronization)/Paging period = 0.01 + (1*1+ 8)/1280 = 0.0170
· P2V: In this case the power consumption is due to sleep power, paging reception power, GPS power, P2V message transmission which consists of 1 subframe every second and WAN synchronization which will occur every second (due to P2V transmission).
Sleep power + (Rx power * 1 subframe)/Paging period + GPS + (WAN synchronization + Tx power * 1 subframe)/One second = 0.01 + (1*1)/1280 + 0.08 + (8 + 4*1)/1000= 0.1028

· V2P: In this case the power consumption is due to factors discussed for P2V. However in addition power is needed to receive power V2V messages and synchronization overhead will need to occur once every half a second instead of once per second.
Sleep power + (Rx power * 1 subframe)/Paging period + GPS + (Rx power * 999 subframes + Tx power* 1 subframe)/One second + WAN synchronization/Half second = 
                                                                            0.01 + (1*1)/1280 + 0.08 + (1*999 + 4*1)/1000 + 8/500= 1.1098

It should be clear that both P2V and V2P lead to large increase in power consumption compared to baseline. For P2V the power consumption increases by a factor of 6 while the power consumption for V2P increased by a factor 65. 

For further comparison we plot the ratio of power consumption due to P2V/V2P compared to paging power in Figure 1. We plots the power consumption as function of ratio of time over which V2V messages are received by a pedestrian UE. To further explore the cause of power consumption we also plot the V2P & P2V without GPS power consumption. We also plot the case of V2P without transmit power and GPS power.
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Figure 1: Ratio of power consumption due to P2V & V2P compare to paging power consumption

We observe that a large part of increase in power consumption in case of P2V is due to GPS. If GPS power consumption can be curtailed then the increase in power consumption due to P2V may be acceptable. In case of V2P as can be seen from the plot most of the power consumption is due to reception. (GPS and transmit power are relatively small components.) Even with 10% reception time the power consumption increase close to 10 times.

Observation 2: P2V can lead to significant increase in power consumption. However if such a GPS power consumption is optimized then the impact of P2V on power consumption may by acceptable.

Observation 3: V2P can lead to unacceptable increase in power consumption. The increase in power consumption is unacceptable even when both GPS and transmit power consumption are optimized.

We further note that the value of V2P in providing safety is limited. A V2P signalled received by a pedestrian UE may not be readily available. A pedestrian UE will potentially take out its smartphone, unlock it and then view the V2P message received. This will lead to precious time lost during which a pedestrian viewing its smartphone instead of looking at the road. This in itself may be detrimental to pedestrian safety. Furthermore, a pedestrian can react to an incoming message only a human time scales which may be too slow. By contrast, a P2V message does not involve an overhead to receive the message. It does not create a distraction where the driver needs to take his/her eyes off the road (message can be displayed in front of the driver). Furthermore, automated vehicles can react to incoming messages at a machine time scale, which is much faster than human time scale. 

Observation 4: Value of V2P in providing safety is limited.

· There may be large latency overhead involved in a pedestrian retrieving a V2P message.

· The process of retrieving a V2P message may distract a pedestrian and make him/her view the smartphone screen instead of the road. This may be detrimental to pedestrian safety.

· A pedestrian can react to a V2P message only on a human time scale, which may be too slow.

Based on this we make the following proposal.

Proposal 1: Between V2P and P2V only P2V should be supported. 

2.2 Capacity analysis for Uu based V2X

Based on assumptions as captured in TR 36.885, Table 1 shows capacity of SCPTM and MBMS broadcast for 10MHz system. As discussed above that it is beneficial to broadcast V2V message in relevant area otherwise there will be huge resource requirement. Therefore capacity calculation is conducted for 7 cell broadcast (baseline) and 3 cell broadcast for different speed and drops. In case of MBMS 60% subframes are used whereas for SCPTM all subframes are used for DL broadcast. The choice of MCS for SC-PTM and MBMS were motivated by the traffic load and SINR CDF as shown in [1].
	Drop
	Group Type
	Total Traffic for Broadcast 
(Mbps)
	Total Capacity
SCPTM-MCS5
(Mbps)
	Total Capacity
MBMS-MCS6
(Mbps)

	Urban 60 KMPH
	7 cells
	5.34
	6.9
	4.04

	Urban 15 KMPH
	7 cells
	21.37
	6.9
	4.04

	Highway 140 KMPH
	7 cells
	2.75
	6.9
	4.04

	Highway 70 KMPH
	7 cells
	5.5
	6.9
	4.04

	Urban 60 KMPH
	3 cells
	2.29
	6.9
	4.04

	Urban 15 KMPH
	3 cells
	9.16
	6.9
	4.04

	Highway 140 KMPH
	3 cells
	1.83
	6.9
	4.04

	Highway 70 KMPH
	3 cells
	3.66
	6.9
	4.04


Table 1: Total DL capacity and traffic for broadcast

Observation 5a: SCPTM at 10 MHz can support all scenarios except dense urban scenario (15 kmph). 

Observation 5b: MBMS at 10MHz can support all scenarios except dense urban scenario (15kmph) if 3 cell broadcast the message i.e. location aware broadcast.

Table 2 shows total UL traffic generated by cars in a cell in different scenarios. This is assuming that all transmitting cars are in RRC-CONNECTED state and their channels are being tracked. It is easy to see that average UL capacity of 10MHz system can support such UL traffic. However in such scenario since semi-persistent assignment is not used PDCCH capacity may become a bottleneck. For example, according to our calculations for Urban 15 KMPH an eNodeB on an average will need to make 20 uplink assignments per subframe. This can be challenging and the use of ePDCCH may need to be considered which will impact downlink capacity more. 
	Drop
	Group Type
	UL Traffic
(Mbps)

	Urban 60 KMPH
	7 cells
	0.79

	Urban 15 KMPH
	7 cells
	3.17

	Highway 140 KMPH
	7 cells
	0.95

	Highway 70 KMPH
	7 cells
	1.9

	Urban 60 KMPH
	3 cells
	0.79

	Urban 15 KMPH
	3 cells
	3.17

	Highway 140 KMPH
	3 cells
	0.95

	Highway 70 KMPH
	3 cells
	1.9


Table 2: Total UL capacity and traffic

Observation 6: If semi-persistent assignment is not used and UL of all cars is tracked effectively then it is clear from Table 2 that UL data channel is not a bottleneck.

MBMS and SCPTM can meet latency requirements and both of them have somewhat similar capacity. Since both system already exist, so in our opinion we do not have to select one of the mechanism and we can consider both solutions for broadcast.

Proposal 2: Both MBMS and SCPTM should be considered for Uu broadcast and no need to down select one solution.

2.3 Resource pool for V2X communications
There are proposals that V2V and V2I/V2N/V2P resource pools should be separate. However, we think that such a static division of resource pool will hurt overall performance. This is especially true since it is hard to predict the intensity of V2V/V2I/V2N and P2V. Therefore, such division should not be used.

Proposal 3: No need to divide resources in to different resource pool for V2V, V2I, V2N, P2V.
3
Conclusion 

In this contribution we discussed some of the issues of V2X communications. We propose:
Proposal 1: Between V2P and P2V only P2V should be supported. 

Proposal 2: Both MBMS and SCPTM should be considered for Uu broadcast and no need to down select one solution.

Proposal 3: No need to divide resources in to different resource pool for V2V, V2I, V2N, P2V.
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