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Abstract: This document focuses on use cases in the eV2X TR that address automated driving and platooning and, in particular, on KPI values mentioned there. This document proposes relevent consolidated potential requirements.
Introduction

Use cases in Sections 5.1, 5.2, 5.3, 5.5, 5.6, 5.9, 5.10, 5.11, 5.12, 5.13, 5.16, 5.20, and 5.22 are similar; they address aspects of the automation scenario. This document focuses on those and, in particular, on KPI values mentioned there.
NOTE 1:
In other words, they are not about remote driving or about infotainment.
NOTE 2:
This document does not treat relay capability of UE or of RSU even in the above-mentioned use cases.

Those use cases are considered categorized (1) whether it’s Level 3 or Level 4, i.e. if it’s semi-automatic or full-automatic, and (2) how long the inter-vehicle distance is, i.e. if it’s short enough to be called as platooning. (2) is in fact grouped into three: (a) “<0.3sec*vehicle speed or even closer”, (b) “<2sec*vehicle speed”, and (c) “>2sec*vehicle speed,” where (a) and (b) are platooning. Other aspects are discarded. That is, basically six sets of KPI values are derived.

NOTE 3:
Some use cases address cooperative perception only, while others address both cooperative perception and cooperative manoeuvre. But contribution of the latter to KPI values is relatively low; this aspect is negligible.
As KPIs, data rate, latency, communication range, frequency, and payload length are considered.
NOTE 4:
Reliability, connection density, number of a platooning group, and positioning accuracy could be considered. But this document does not address those.
FYI, in the attachment, you can find potential requirements that this document treats. You can also find categorization of a use case where each potential requirement belongs to, and KPIs that each potential requirement mentions.
Discussion
In the followings, each KPI is analysed, and then proposals are made. These proposals are tentative and subject to change by others’ view.
Data rate (Mbps)
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed
	No info

	Level 3
	
	2.75 [PR-5.12-001]
2.5 [PR-5.12-002]
	0.55 [PR-5.10-001]
0.5 [PR-5.10-002]
	10 [PR-5.9-001]
10 [PR-5.16-001]
DL0.5, UL50 [PR-5.22-001]

	Level 4
	
	65 [PR-5.13-001]
50 [PR-5.13-002]
	53 [PR-5.11-001]
50 [PR-5.11-002]
	700 [PR-5.16-002]
30 [PR-5.20-001]


Observation: In general, data rate is higher, if vehicles are closer. Sections 5.9 and 5.16 propose higher data rates, which might be valid depending on assumed inter-vehicle distances. But for 700 Mbps, it is to be discussed if the use case is valid or not. Section 5,22 proposes 50Mbps for UL, but its description seems to suggest it’s for DL, assuming unicast to 200 vehicles. This usage of unicast is dubious.
Proposal: Assumed inter-vehicle distances for Sections 5.9 and 5.16 are to be discussed at first. And then, validity and feasibility of 700 Mbps is to be discussed. Validity of usage of unicast in Section 5.22 is to be discussed. For now, the below is proposed for CPR.
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed

	Level 3
	10 [PR-5.16-001]
	2.75 [PR-5.12-001]
	0.55 [PR-5.10-001]

	Level 4
	[700] [PR-5.16-002]
	65 [PR-5.13-001]
	53 [PR-5.11-001]


Latency (ms)
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed
	No info

	Level 3
	10 [PR-5.1-010]
25 [PR-5.1-012]
25 [PR-5.5-001]
	20* [PR-5.12-007]
	100* [PR-5.10-007]
	10 [PR-5.2-004]
10* [PR-5.3-001]
100 [PR-5.6-001]
10 [PR-5.9-001]
50 [PR-5.16-001]

	Level 4
	10 [PR-5.5-004]
	20* [PR-5.13-004]
	100* [PR-5.11-004]
	3 [PR-5.6-004]
10 [PR-5.6-005]
50 [PR-5.6-006]
10 [PR-5.16-002]
3 [PR-5.20-001]


NOTE 1:
* indicates application-layer end-to-end latency.

Observation: In general, latency is shorter, if vehicles are closer. Section 5.6 links latency values to “communication range”: 3, 10, 50 ms to 200, 500, 1000m, respectively. The communication range might be related to the inter-vehicle distance. Consideration for delay budget consumed by application seems missing. For 3ms, it is to be discussed if the use case is valid or not.
Proposal: Assumed inter-vehicle distances for Sections 5.6 are to be discussed at first. Latency is to be understood as application-layer end-to-end latency. Validity and feasibility of 3ms in Sections 5.6 and 5.20 is to be discussed. For now, the below is proposed for CPR.

	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed

	Level 3
	10* [PR-5.3-001]
	20* [PR-5.12-007]
	100* [PR-5.10-007]

	Level 4
	[3*] [PR-5.6-004]
	20* [PR-5.13-004]
	100* [PR-5.11-004]


NOTE 2:
* indicates application-layer end-to-end latency.

Communication range (x sec*maximum relative speed)
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed
	No info

	Level 3
	
	10sec [PR-5.12-009]
	10sec [PR-5.10-009]
	1000m [PR-5.6-002]
100m [PR-5.16-001]

	Level 4
	80m [PR-5.5-005]
80m [PR-5.5-006]
	5sec [PR-5.13-006]
	5sec [PR-5.11-006]
	200m [PR-5.6-004]
500m [PR-5.6-005]
1000m [PR-5.6-006]
500m [PR-5.16-002]
500m [PR-5.20-001]


Observation: NOTE 7 of Section 5.10.1.1 suggests: “In NHTSA Level 3 automation, the driver is expected to be available for taking full control when the automated driving system is no longer able to support automation, with sufficiently comfortable transition time (e.g., [10] sec).” Due to this “transition time”, communication range for Level 3 is to be wider than that for Level 4. To compare “second-based” values and “meter-based” values, NOTE of Section 5.10.2 provides information: “[10] sec * (maximum relative speed) [m/s] is equal to: [278] m for the maximum relative speed of [100] km/h in urban, [556] m for the maximum relative speed of [200] km/h in sub-urban, and [694] m for the maximum relative speed of [250] km/h in Autobahn (same direction).”
Proposal: Assumed maximum relative speeds for Sections 5.6, 5.16, and 5.20 are to be discussed at first. For now, the below is proposed for CPR.
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed

	Level 3
	(the same for <2)
	10 [PR-5.12-009]
	10 [PR-5.10-009]

	Level 4
	(the same for <2)
	5 [PR-5.13-006]
	5 [PR-5.11-006]


Message transmission frequency (messages/sec)
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed
	No info

	Level 3
	30 [PR-5.1-002]
28 [PR-5.1-006]
	50 [PR-5.12-005]
	10 [PR-5.10-005]
	50 [PR-5.22-003]

	Level 4
	25 [PR-5.5-006]
	
	
	


Observation: In general, message transmission frequency is higher, if vehicles are closer. The same values would apply for Level 3 and Level 4 in principle, but data rate is considered more a decisive factor for Level 4. Message transmission interval (ms) derived from message transmission frequency is typically set to be the same as latency. Therefore “10*” that is set for latency for “<0.3sec…” in the above is to be taken into account, where the message transmission interval is also to be 10ms, which in turn leads to the message transmission frequency being 100.
NOTE 3:
There is an ambiguity for the above argument leading to the value 100; transmission latency and application-layer end-to-end latency are mixed up. And Level 4 latency of 3ms is not taken into account.
Proposal: Validity of the derived value of 100 is to be discussed. For now, the below is proposed for CPR.
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed

	Level 3
	100 derived from [PR-5.3-001]
	50 [PR-5.12-005]
	10 [PR-5.10-005]


Payload length (bytes)
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed
	No info

	Level 3
	50-1200 [PR-5.1-011]
300-400 [PR-5.1-014]
300-400 [PR-5.5-001]
300-400 [PR-5.5-003]
	6500 [PR-5.12-003]
6000 [PR-5.12-004]
	6500 [PR-5.10-003]
6000 [PR-5.10-004]
	1600 [PR-5.6-003]
2M[PR-5.9-002]
450 [PR-5.22-003]

	Level 4
	1200 [PR-5.5-006]
	
	
	


Observation: For 2M in Section 5.9, it is to be discussed if the use case is valid or not, where IP packets are fragmented. The same values would apply for Level 3 and Level 4 in principle, but data rate is considered more a decisive factor for Level 4.
Proposal: Avoiding 2M, for now, the below is proposed for CPR.
	
	<0.3sec*vehicle speed or even closer
	<2sec*vehicle speed
	>2sec*vehicle speed

	Level 3
	(the same for <2)
	6500 [PR-5.12-003]
	6500 [PR-5.10-003]


Proposal

It is proposed to add the following NEW consolidated potential requirements to eV2X TR 22.886.
These are tentative and subject to change by others’ view. In addition, if Rapporteur suggests, the author will prepare necessary texts to link PRs and CPRs and to add in Annex, based on the above Discussion.
---------- Start of the change ----------
7.2.a
Consolidated requirements for set 1

NOTE:
This is for a use case family characterised by Level 3 and “<0.3sec*vehicle speed or even closer”.
[CPR-7.2.a-001] The 3GPP system shall be capable of supporting user experienced data rate of 10 Mbps between UEs supporting V2X application.
[CPR-7.2.a-002] The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application with a maximum application-layer end-to-end latency of 10 ms.
[CPR-7.2.a-003] The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (10 sec * (maximum relative speed) [m/s]). 

[CPR-7.2.a-004] The 3GPP system shall be capable of supporting a maximum frequency of 100 messages per second per transmitting UE.
[CPR-7.2.a-005] The 3GPP system shall be capable of transferring periodic broadcast/multicast messages between two UEs supporting V2X application with message payloads of 6500 bytes, not including security-related message component.
7.2.b
Consolidated requirements for set 2
NOTE:
This is for a use case family characterised by Level 3 and “<2sec*vehicle speed”.
[CPR-7.2.b-001] The 3GPP system shall be capable of supporting user experienced data rate of 2.75 Mbps between UEs supporting V2X application.
[CPR-7.2.b-002] The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application with a maximum application-layer end-to-end latency of 20 ms.

[CPR-7.2.b-003] The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (10 sec * (maximum relative speed) [m/s]). 

[CPR-7.2.b-004] The 3GPP system shall be capable of supporting a maximum frequency of 50 messages per second per transmitting UE.
[CPR-7.2.b-005] The 3GPP system shall be capable of transferring periodic broadcast/multicast messages between two UEs supporting V2X application with message payloads of 6500 bytes, not including security-related message component.
7.2.c
Consolidated requirements for set 3
NOTE:
This is for a use case family characterised by Level 3 and “>2sec*vehicle speed”.

[CPR-7.2.c-001] The 3GPP system shall be capable of supporting user experienced data rate of 0.55 Mbps between UEs supporting V2X application.
[CPR-7.2.c-002] The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application with a maximum application-layer end-to-end latency of 100 ms.

[CPR-7.2.c-003] The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (10 sec * (maximum relative speed) [m/s]). 

[CPR-7.2.c-004] The 3GPP system shall be capable of supporting a maximum frequency of 10 messages per second per transmitting UE.
[CPR-7.2.c-005] The 3GPP system shall be capable of transferring periodic broadcast/multicast messages between two UEs supporting V2X application with message payloads of 6500 bytes, not including security-related message component.
7.2.d
Consolidated requirements for set 4
NOTE:
This is for a use case family characterised by Level 4 and “<0.3sec*vehicle speed or even closer”.

[CPR-7.2.d-001] The 3GPP system shall be capable of supporting user experienced data rate of [700] Mbps between UEs supporting V2X application.
[CPR-7.2.d-002] The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application with a maximum application-layer end-to-end latency of [3] ms.

[CPR-7.2.d-003] The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (5 sec * (maximum relative speed) [m/s]). 

7.2.e
Consolidated requirements for set 5
NOTE:
This is for a use case family characterised by Level 4 and “<2sec*vehicle speed”.

[CPR-7.2.e-001] The 3GPP system shall be capable of supporting user experienced data rate of 65 Mbps between UEs supporting V2X application.
[CPR-7.2.e-002] The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application with a maximum application-layer end-to-end latency of 20 ms.

[CPR-7.2.e-003] The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (5 sec * (maximum relative speed) [m/s]).
7.2.f
Consolidated requirements for set 6
NOTE:
This is for a use case family characterised by Level 4 and “>2sec*vehicle speed”.

[CPR-7.2.f-001] The 3GPP system shall be capable of supporting user experienced data rate of 53 Mbps between UEs supporting V2X application.
[CPR-7.2.f-002] The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application with a maximum application-layer end-to-end latency of 100 ms.

[CPR-7.2.f-003] The 3GPP system shall be capable of supporting a communication range sufficient to give the predictive information to the vehicles in proximity (5 sec * (maximum relative speed) [m/s]). 
---------- End of the change ----------
