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Abstract: This contribution proposes modifications to Annex A of TR 22.885 to bring it in line with (a) agreement on reaching sufficient reliability by Time To Collision of 4 seconds, (b) seperation between single-shot radio reliability and cumulative application-layer reliability, (c) elaboration of various scenarios & parameters.

1. Introduction
Annex A in TR22.885 contains various example parameters relevant for V2X communications. The following agreements need to be reflected in those parameters:
(a) there must be sufficient message reception reliability by Time To Collision of 4 seconds, 

(b) there is a distinction between reception at lower layer and higher layer in a UE: notably, a single-shot radio reliability, and  a cumulative application-layer reliability have different meanings.
(c) Some parameters need more clarification

To this end, we propose to add a new column in the Annex A Table, and a few Notes to further clarify scenarios.

2.  Discussion

It may be beneficial to recall the mathematics behind the calculation of the reliability percentages. From a statistics point of view, each physical-layer one-shot transmission can be viewed as an independent trial with a yes/no (receive/fail to receive) outcome, with probability p (where p is around 90%). 

Therefore, the cumulative probability of success (i.e. the application layer success probability that needs to be “several 9s”) can be found by applying the binomial formula: i.e, we compute the probability of at least one success in n trials (transmissions), where n is a small integer - to be decided by RAN groups. 

Prob (at least one transmission is successful) = 1 – Prob (0 successes in n trials) =  
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= 1 – (1-p)n
Here are some exemplary values for p = 90%:  The cumulative probability of successful transmission in n=4 trials computes to 99.99%, while for n=5 trials it computes to 99.999%, etc.
3. Proposal

This document proposes the following modifications to Annex A of TR 22.885:

Annex <A>:
Example parameters (informative)
Table 1 shows some example link-layer parameters for V2X communication which cover a variety of scenarios. It should be noted that there are various variables involved in these scenarios both physical (e.g. relative velocity, effective range), incidental (e.g. line-of-sight occlusion), and service related (e.g. maximum tolerable latency, minimum application layer message reception reliability). These parameters need to be managed as designing the system in such a way as to meet all of the most stringent criteria places an unnecessary burden on the system.
These parameters can be derived from the principle that by the time that TTC (time to collision) is equal to 4 seconds, there should be a 99.999% probability that the vehicle has received at least one V2X message notifying it of the impending incident.

In the cases where this is not possible (e.g. a new incident is presented with an event horizon closer than TTC=4s), it is presumed that due to the relatively closer proximity of this incident, the reliability of the radio layer will provide an increased probability to deliver the V2X message to the vehicle in a timely manner.
Table A.1: Example parameters for V2X Services

	
	Effective range *
	Absolute velocity of a UE supporting V2X Services
	Relative velocity between 2 UEs supporting V2X Services
	Maximum tolerable latency
	Minimum radio layer message reception reliability (probability that the recipient app gets it within 100ms) ***
	Cumulative transmission reliability (including radio retransmissions, and app layer retransmissions)

	#1 (suburban)
	200m
	50kmph
	100kmph
	100ms
	90%
	99.99%

	#2 (freeway)
	320m
	160kmph
	280kmph
	100ms
	80%
	99.99%

	#3 (autobahn)
	320m
	280kmph
	280kmph
	100ms
	80%
	99.99%

	#4 (NLOS / urban)
	150m
	50kmph
	100kmph
	100ms
	90%
	99.99%

	#5 (urban intersection **)
	50m
	50kmph
	100kmph
	100ms
	95%
	-


Note* Effective range is greater than range required to support TTC=4s at maximum relative velocity. This is such that multiple V2X transmissions are required to increase the cumulative (overall, effective, or final) transmission reliability to 99.999%.

Note** This scenario represents the scenario where a new incident presents itself at a short range, requiring a high level of reliability for short range radio transmissions to ensure timely message delivery. As a result, a Cumulative transmission reliability cannot be guaranteed.
Note*** Due to PHY retransmissions and the rapid cadence of application layer transmissions, the reliability as viewed from the application layer will be vastly increased from the numbers as stated in this column.
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