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Introduction
Considering V2V communication technology for safety purposes, information exchange between the vehicles should be performed under reasonable latencies. So far, PRR (Packet Reception Ratio) per range and transmission latencies were separately examined to estimate system performance (see [1]). However, these metrics don't necessarily describe the reception latencies of the system which is a very important factor in ensuring the messages have reached their destination on time.

As the distance between vehicles increases, their mutual impact in terms of safety is potentially reduced. Hence, as the distance between vehicles increases the reception cadence requirements of safety messages can potentially be loosened. 

In this contribution, we present a metric we call CD-PRR (Cadence Dependent PRR) which is a generalization of the PRR. This metric calculates PRR based on the reception cadence the system should support per range. This metric fuses the impact of PRR performance and transmission latencies of the system and provides a better understanding of the system reception latencies. We present the performance of this metric for several scenarios for both the cV2V and DSRC technologies and make observations and proposals based on these results.

This metric is an example of automotive related metrics. We propose that a specific set of metrics that is based on the automotive needs be designed and applied for the specific use of V2X safety messages.

Methodology- CD-PRR Metric Calculation
Let us assume that for a range of  meters the cadence reception requirement of  receptions per second is assigned. Meaning, for every two vehicles with a distance of , every  seconds at least one exchange of safety packets should be performed successfully. A deviation from this cadence would be considered as a reception failure. Let us denote the cadence by  which is basically the reception cycle duration. As  increases, the corresponding  can potentially be increased as well (inducing a looser reception cadence requirement).
In the following paragraphs the specification of the CD-PRR calculation would be given. First the manner of which a range is mapped into a reception cadence is discussed, then the actual calculation of the CD-PRR would be explained. 
Assigning Range with a Reception Cadence
An example of a method to map a range between vehicles to its corresponding  is as follows:
Each scenario is assigned with the parameters: 
· - A velocity which describes the mobility of the vehicles.
· - A time interval representing an automotive related time period e.g. the minimal required time for the driver or the vehicular systems to decide on how to react and apply this reaction.
· - The distance a vehicle travels at a speed  for a duration of .
· - A fraction (), representing the increment of ’s size.
Let  denote the function mapping range  to its corresponding .  is given by: .
Notice that  (reception cycle can’t be shorter than the cycle of messages’ generations). In the chosen mapping  is assigned for the closest ranges, , indicating that in these ranges the exchanged information must be as updated as possible for safety purposes. An increase of the range by  would enlarge  by . An illustration of the  increments can be seen in Fig.1.a. A graphic example of function  for ; ;  can be seen in Fig.1.b.
	[image: ]Fig.1.a: Spatial Illustration of . 


	[image: ]Fig.1.b: Function  for . 



	Fig.1: Presentations of function  which Maps Distance to Reception Cadence Requirement.


Calculating CD-PRR for the Static and Mobile Cases
Let vehicles A and B denote the transmitter and receiver respectively with a distance of  (the distance can vary depending their velocities and direction). In order to calculate the CD-PRR for this link, the following steps need to be followed:
1. Generate a ‘Time Line’ indicating the moments B successfully received A’s messages. 
2. Divide the ‘Time Line’ into intervals of durations .  
3. Calculate the CD-PRR according to these time intervals, where the denominator is the amount of time intervals, and the numerator is the number of time intervals in which at least one message of A was received successfully by B.
An example of this calculation (for both static and mobile cases) can be found in Appendix 7.2.

To produce the CD-PRR curve for all system, this process needs to be done for all possible transmitters and receivers (total  times where  is the number of vehicles). After counting the total expected receptions vs. the total successful receptions per range the ratio is calculated. 

For both cV2V and DSRC technologies, the PRR metric which served as the basis for evaluation so far is basically the CD-PRR with  for all ranges (). Both technologies ensure the time gap between two adjacent transmissions does not exceed . For cV2V it is done by the division of transmissions into pools of  each (or shorter). For DSRC the transmission latency is limited to , otherwise the message is discarded. Hence, the time line of a vehicle’s transmissions could be divided into segments of  s.t. one transmission would be included in every one of them. 

Therefore, the PRR is a special case of the CD-PRR. Furthermore, since the increase of  has the potential of improving the CD-PRR, and since , the PRR can be viewed as a lower bound to the performance of the CD-PRR.

Simulation Results
[bookmark: _GoBack]Simulation results are shown in this section for both Freeway and Urban environments (applying the specifications given in [1],[2]). All curves present the SIMO case (2 receiving antennas) with transmission power of 23[dBm] and NF=6[dB] (see Appendix 7.1 for further details). The simulation includes the average Packet Received Ration (PRR) per distance and the CD-PRR per distance for 6 different mapping functions. These 6 functions are the ones depicted in Fig. 1.b (), where the velocity for each scenario was chosen to be the velocity of the vehicles. The results are shown in Fig.2 – Fig.5. For each simulated scenario and per technology, the distribution of the links’ reception probability was plotted for several distances (see Appendices 7.3-7.4). 
	[image: ]2.a. DSRC
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	Fig.2: CD-PRR for Freeway with speed of 140kmph.

	[image: ]3.a. DSRC

	[image: ]3.b. cV2V


	Fig.3: CD-PRR for Freeway with speed of 70kmph.
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	Fig.4: CD-PRR for Freeway with speed of 40kmph.
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	Fig.5: CD-PRR for Urban with speed of 60kmph.



Results Analysis
· Observation 1: The CD-PRR metric is a generalization of the PRR metric which can reflect the system reception latency per range.

Suppose that vehicle A’s distance from vehicle B is , and according to the chosen mapping, at this range the reception cycle duration is , meaning that the mapping demands that every  seconds at least one of B’s messages would be received successfully by A with probability 1 and vice versa. If the CD-PRR at  equals 1, it indicates that the system can satisfy the mapping demand for range .

· Proposal 1: A study of the required reception latency per range, based on safety related use cases needs to be opened by the 3GPP.

The demonstrated mapping method represents only a small fraction of mapping possibilities. Defining the proper mapping for safety purposes would fuse BSM use cases as well as vehicle dynamics per range and environment.

· Proposal 2: In the mapping between range and reception cadence requirements, an increase of  as the range increases can be considered, and potentially accelerate this increase as the vehicle’s velocity decreases.

From a safety point of view, it can be considered as slower vehicles’ movement may allow longer response times which justifies looser demands for reception cadence.

· Observation 2: The increase of  would improve the CD-PRR performance only for links that do not yield either very high or very low reception probability.

Observing Figures 2-5 and comparing them to the corresponding graphs in Figures 7-14 (where the reception probability of the links is documented), it can be seen that the increase of  improves the CD-PRR performance only when the amount of links which don’t yield either very high or very low reception probability is substantial.

· Observation 3: Improving the CD-PRR (and the PRR value) in the discussed Urban environment simply by increasing  is challenging regardless the mapping function or technology.

In the given Urban environment it can be seen that for both technologies, the increase of  doesn’t improve much the CD-PRR performance. Observing Figures 13-14, it is clear why, as regardless of the range or technology, at least 80% of the links have either very high or very low reception probability (see Observation 2.)  

Summary
Summary of the observations and proposals:

Observation 1: The CD-PRR metric is a generalization of the PRR metric which can reflect the system reception latency per range.

Observation 2: The increase of  would improve the CD-PRR performance only for links that do not yield either very high or very low reception probability.

Observation 3: Improving the CD-PRR (and the PRR value) in the discussed Urban environment simply by increasing  is challenging regardless the mapping function or technology.

Proposal 1: A study of the required reception latency per range, based on safety related use cases needs to be opened by the 3GPP.

Proposal 2: In the mapping between range and reception cadence requirements, an increase of  as the range increases can be considered, and potentially accelerate this increase as the vehicle’s velocity decreases.
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Appendices
Simulation Assumptions
The simulation assumptions for cV2V. V2X message of size 300/190 bytes transmitted over 18 RBs + 2 SA RBs. Each transmitter occupies 2 adjacent subchannels.
	Parameter
	Assumption

	Carrier frequency 
	6 GHz

	Bandwidth
	10 MHz

	BLER curve’s channel
	AWGN

	Power & Noise
	In-band emission
	{W,X,Y,Z}={3,6,3,3} 

	
	Maximum transmit power
	23 dBm

	
	Noise Figure
	6dB

	
	Antenna Gain
	+ 3 dBi (for TX\RX)

	
	Receiver Capabilities
	1 TX and 2 RX

	Sensing 
	probResourceKeep
	0.8

	
	SL-ThresPSSCH-RSRP 

	Inf

	
	SL_RESOURCE_RESELECTION_COUNTER
	uniformly select form [5,15]

	Resource pool
	No. sub-channels
	5 (with 10 RBs each)

	
	Resource pool size
	100 ms

	V2X message
	300 Bytes and 190 Bytes

	MCS
	300 Bytes
	QPSK CR=0.5556

	
	190 Bytes
	QPSK CR = 0.3519

	
	SA message (64 bits)
	QPSK

	Simulation size area

	Freeway
	2000 m

	
	Urban
	[1299 m * 750 m]



*For elaboration on the simulation parameters see [1].
**For elaboration on the sensing algorithm see [3], [4].

The simulation assumptions for DSRC:
	Parameter
	Assumption

	Carrier frequency 
	5.9 GHz

	Bandwidth
	10 MHz

	Message frequency
	100 ms

	BLER curve’s channel
	AWGN

	Power & Noise
	Maximum transmit power
	23 dBm

	
	Noise Figure
	6 dB

	
	Thermal Noise Power (=Noise Floor +NF)
	-98[dBm]

	
	Antenna Gain
	+ 3 dBi (for TX\RX)

	
	Receiver Capabilities
	1 TX and 2 RX

	CCA parameters 
	DIFS
	58[us]

	
	Slot
	13[us]

	
	ED (Energy Detection Threshold)
	-65 [dBm]

	
	PD (Preamble Detection sensitivity)
	-93[dBm]

	
	[Nmin, Nmax]
	[15, 1023]

	V2X messages
	MAC header
	36 Bytes

	
	PHY header
	40us

	
	300 Bytes
	All packet duration: 488us

	
	190 Bytes
	All packet duration: 344us

	MCS
	300 Bytes
	QPSK CR=0.5

	
	190 Bytes
	QPSK CR = 0.5

	Simulation size area

	Freeway
	2000 m

	
	Urban
	[1299 m * 750 m]



*For elaboration on the CCA procedure see [5].
An Example for CD-PRR Calculation

[image: ]Step 1: Generating a ‘Time Line’:
It can be seen that B has failed to receive successfully messages 2,3 and 5.

Steps 2+3: The course of these steps depend on the result of . 

For the static case (i.e. the relative velocity of cars A and B is 0 throughout the entire simulation), the ‘Time Line’ needs to be divided into equal time intervals.   
[image: ]If  then the following pattern is received:
Since there are 6 intervals (the expected number of receptions) and only 3 of them include successful receptions, .


If however,  then the following pattern is received:
[image: ]





Since there are 4 intervals (the expected number of receptions) and only 3 of them include successful receptions, . The metric has improved without changing the ‘Time Line’.

[image: ]For the mobile case (i.e. the mutual distance of cars A and B can change throughout the simulation), the ‘Time Line’ may be divided into varying time intervals. For example, the following pattern can be received:   






In this pattern the duration of the time intervals has been shorten, indicating the distance between A and B has shrank. Similarly to the static case, the statistics are collected according to the time intervals. Hence, for the range that induced  the corresponding , whereas for the range that induced  the corresponding .
Distribution of Successful Reception
By increasing , the CD-PRR metric can improve without inserting any change to the behavior of the V2V technology. However, there are cases where even extreme increase of  wouldn’t induce different CD-PRR. 

Let  denote the distance between nodes  and  and let  denote the empiric probability for node  to successfully receive ’s messages. If , meaning either all messages failed to be received or all messages were received successfully, then increasing the cycle duration can’t improve the CD-PRR (notice that ) . Such links have a polarized success probability. Hence, the CD-PRR for range  would improve only when there are enough corresponding links whose success probability isn’t polarized.  

Observing the system behavior, as range  increases, the links’ success distribution goes through 3 phases in the following order: 

1. Positive Hard Polarization (PHP) – Most links have success probability of 1.
2. Dynamic Distribution (DD) – A substantial portion of the links don’t have a polarized success probability. This phase can be divided into 3 sub-phases:
· Positive Soft Polarization (PSP) - About 30%-60% of the links enjoy success probability of 1, whereas the rest have lower success probability.
· Semi Uniform Distribution (SUD) - The success probability of the links is spread over  in a manner similar to uniform.
· Negative Soft Polarization (NSP) - About 30%-60% of the links suffer success probability of 0, whereas the rest have higher success probability.
3. Negative Hard Polarization (NHP) – Most links have 0 success reception probability.

It can be deduced that increasing the reception cycle duration, , has the potential to improve the CD-PRR mainly along the DD zone, especially in the SUD zone where the amount of polarized links is the lowest. Still, for an improvement to be seen, the corresponding  must be large enough. Let  denote the range at which a system enters the DD zone and let  denote this zone’s width. Since  increases with the range (regardless the mapping), to maximize CD-PRR improvement,  should be as large as possible, preferably corresponding to a large enough . An illustration of the CD-PRR improvement along the different success distribution phases can be seen in Fig.6.
[image: ]










Fig. 6: Illustration of the CD-PRR improvement per phase of reception success distribution.

Success Distributions for the Simulated Scenarios
The following figures depict the success distribution of the links per range for all the scenarios simulated above (see Figures 2-5) and for various ranges. For each distribution the corresponding phase is noted in accordance to the phases specified in Appendix 7.3.
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	Fig.7.a.: Success Distribution for 100[m].
	Fig.7.b.: Success Distribution for 300[m].
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	Fig.7.c.: Success Distribution for 500[m].
	Fig.7.d.: Success Distribution for 700[m].
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	Fig.7.e.: Success Distribution for 900[m].

	Fig.7: Freeway, 140km/h, cV2V-Reception Success Distribution for Various Ranges.
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	Fig.8.a.: Success Distribution for 100[m].
	Fig.8.b.: Success Distribution for 300[m].
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	Fig.8.c.: Success Distribution for 500[m].

	Fig.8: Freeway, 140km/h, DSRC-Reception Success Distribution for Various Ranges.
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	Fig.9.a.: Success Distribution for 100[m].
	Fig.9.b.: Success Distribution for 300[m].
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	Fig.9.c.: Success Distribution for 500[m].
	Fig.9.d.: Success Distribution for 700[m].
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	Fig.9.e.: Success Distribution for 900[m].

	Fig.9: Freeway, 70km/h, cV2V-Reception Success Distribution for Various Ranges.



	[image: ]PHP

	[image: ]PSP


	Fig.10.a.: Success Distribution for 100[m].
	Fig.10.b.: Success Distribution for 200[m].
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	Fig.10.c.: Success Distribution for 300[m].
	Fig.10.d.: Success Distribution for 400[m].
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	Fig.10.e.: Success Distribution for 500[m].

	Fig.10: Freeway, 70km/h, DSRC-Reception Success Distribution for Various Ranges.
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	Fig.11.a.: Success Distribution for 100[m].
	Fig.11.b.: Success Distribution for 300[m].
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	Fig.11.c.: Success Distribution for 500[m].
	Fig.11.d.: Success Distribution for 700[m].
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	Fig.11.e.: Success Distribution for 900[m].

	Fig.11: Freeway, 40km/h, cV2V-Reception Success Distribution for Various Ranges.
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	Fig.12.a.: Success Distribution for 100[m].
	Fig.12.b.: Success Distribution for 200[m].
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	Fig.12.c.: Success Distribution for 300[m].
	Fig.12.d.: Success Distribution for 400[m].
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	Fig.12.e.: Success Distribution for 500[m].

	Fig.12: Freeway, 40km/h, DSRC-Reception Success Distribution for Various Ranges.
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	Fig.13.a.: Success Distribution for 50[m].
	Fig.13.b.: Success Distribution for 100[m].
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	Fig.13.c.: Success Distribution for 150[m].
	Fig.13.d.: Success Distribution for 200[m].
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	Fig.13.e.: Success Distribution for 250[m].

	Fig.13: Urban, 60km/h, cV2V-Reception Success Distribution for Various Ranges.
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	Fig.14.a.: Success Distribution for 50[m].
	Fig.14.b.: Success Distribution for 100[m].
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	Fig.14.c.: Success Distribution for 150[m].
	Fig.14.d.: Success Distribution for 200[m].
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	Fig.14.e.: Success Distribution for 250[m].

	Fig.14: Urban, 60km/h, DSRC-Reception Success Distribution for Various Ranges.
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