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Abstract of the contribution: This paper proposes a new key issue for URLLC into TR 23.786.
1. Discussion
The following requirement exists in TS 22.186 related to URLLC to address performance requirement for remote driving with 5 ms one-way latency and 1-10-5 reliability.
Table 5.5-1 Performance requirements for remote driving

	Communication scenario description
	Req #
	Max end-to-end latency (ms)
	Reliability (%)
	Data rate (Mbps)

	Information exchange between a UE supporting V2X application and a V2X Application Server
	[R.5.5-002]
	5
	99.999
	UL: 25

DL: 1


Background of data rate above, i.e. 25 Mbps for uplink while 1 Mbps for downlink is that it is likely the UE provides the live video to remote human operator while human operator sends commands for remote driving to the UE according to use case description in clause 5.4 of TR 22.886. 
5.4
eV2X support for remote driving

5.4.1
Description

Remote driving is a concept in which a vehicle is controlled remotely by either a human operator or cloud computing. 

While autonomous driving needs a lot of sensors and sophisticated algorithm like object identification, remote driving with human operators can be realized using less of them. For example, if on-board camera of the vehicle feeds the live video to remote human operator, human operator can easily understand the potential hazard of the vehicle without assistance of any sophisticated computing. Based on this video, the remote operator sends commands to the vehicle. 

Remote driving can different use case than autonomous driving. Buses follow pre-defined static routes and a specific lane, and stop at pre-defined bus-stops. Thus, the characteristic of operating these buses are somewhat different from what is required for operating autonomous vehicles. For these buses, live video stream includes not only outside-bus image but also inside-bus image, so remote operators additionally need to react to more diverse scenario such as passengers getting on/off the bus.

Also, when cloud computing replaces human operators, coordination between vehicles can be achieved. For example, if all the vehicles feed their schedule and destination, the cloud can coordinate which route each vehicle will take. This coordination will reduce potential traffic congestion, overall travel time, leading to better fuel efficiency.
In addition, performance requirement with 3 ms one-way latency and 1-10-5 reliability is described in TS 22.186 for advance driving (i.e. Emergency trajectory alignment) and extended sensors (i.e. Higher degree of automation - Sensor information sharing).

Table 5.3-1 Performance requirements for advanced driving

	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max
end-to-end latency

(ms)

	Reliability (%)
(NOTE3)
	Data rate (Mbps)
	Min required Communication range (meters) 

(NOTE 4)

	Scenario
	Degree
	
	
	
	
	
	
	

	Cooperative collision avoidance  between UEs supporting V2X applications.
	[R.5.3-001]
	2000
(NOTE 5)
	100
(NOTE 5)
	10
	99.99
	10
(NOTE 1)
	

	Information sharing for automated driving between UEs supporting V2X application.
	Lower 
degree of automation
	[R.5.3-002]
	6500

(NOTE 1)
	10
	100
	
	
	700

	
	Higher degree of automation
	[R.5.3-003]
	
	
	100
	
	53

(NOTE 1)
	360

	Information sharing for automated driving between UE supporting V2X application and RSU
	Lower 
degree of automation
	[R.5.3-004]
	6000

(NOTE 1)
	10
	100
	
	
	700

	
	Higher degree of automation
	[R.5.3-005]
	
	
	100
	
	50

(NOTE 1)
	360

	Emergency trajectory alignment between UEs supporting V2X application.
	[R.5.3-006]
	2000

(NOTE 5)
	
	3
	99.999
	30
	500

	Intersection safety information between an RSU and UEs supporting V2X application.
	[R.5.3-007]
	UL: 450
	UL: 50
	
	
	UL: 0. 25 DL: 50

(NOTE 2)
	

	Cooperative lane change between UEs supporting V2X applications.
	Lower 
degree of automation
	[R.5.3-008]
	300-400
	
	25
	90
	
	

	
	Higher degree of automation
	[R.5.3-009]
	12000
	
	10
	99.99
	
	

	Video sharing between a UE supporting V2X application and a V2X application server. 
	[R.5.3-010]
	
	
	
	
	UL: 10
	

	NOTE 1:
This includes both cooperative manoeuvers and cooperative perception data that could be exchanged using two separate messages within the same period of time (e.g., required latency 100ms). 
NOTE 2:
This value is referring to a maximum number of 200 UEs. The value of 50 Mbps DL is applicable to broadcast or is the maximum aggregated bitrate of the all UEs for unicast.
NOTE 3: 
Sufficient reliability should be provided even for cells having no values in  this table 

NOTE 4:   This is obtained considering UE speed of 130km/h. Vehicles may move in different directions. 

NOTE 5: 
These values are based on calculations for cooperative maneuvers only.


Table 5.4-1 Performance requirements for extended sensors

	Communication scenario description
	Req #
	Payload (Bytes)
	Tx rate (Message /Sec)
	Max 
end-to-end

latency

(ms)
	Reliability (%)
	Data rate (Mbps)
	Min required communication range (meters)

	Scenario
	Degree
	
	
	
	
	
	
	

	Sensor information sharing between UEs supporting V2X application
	Lower 
degree of automation
	[R.5.4-001]
	1600
	10
	100
	99
	
	1000

	
	Higher degree of automation
	[R.5.4-002]
	
	
	10
	95
	25

(NOTE 1)
	

	
	
	[R.5.4-003]
	
	
	3
	99.999
	50
	200

	
	
	[R.5.4-004]
	
	
	10
	99.99
	25
	500

	
	
	[R.5.4-005]
	
	
	50
	99
	10
	1000

	
	
	[R.5.4-006]

(NOTE 2)
	
	
	10
	99.99
	1000
	50

	Video sharing between UEs supporting V2X application
	Lower 
degree of automation
	[R.5.4-007]
	
	
	50
	90
	10
	100

	
	Higher degree of automation
	[R.5.4-008]
	
	
	10
	99.99
	700
	200

	
	
	[R.5.4-009]
	
	
	10
	99.99
	90
	400

	NOTE 1: This is peak data rate.
NOTE 2: This is for imminent collision scenario.


TS 23.501 defines one 5QI value (=B) with 5 ms PDB and 10-5 PER as Delay Critical GBR that can be used for remote control based on Table 7.2.2-1 “Performance requirements for low-latency and high-reliability scenarios” of TS 22.261. Therefore, this 5QI value can be used for V2X services such as remote driving.
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping

	5QI

Value
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Maximum Data Burst Volume

(NOTE 2)
	Default

Averaging Window
	Example Services

	B
	Delay Critical GBR
	11
	5 ms
	10-5
	160 B
	TBD
	Remote control 

(see TS 22.261 [2])

	C

NOTE 4
	
	12
	10 ms

NOTE 5
	10-6
	320 B
	TBD
	Intelligent transport systems

	D
	
	13
	20 ms
	10-5
	640 B


	TBD
	

	1

	
GBR

NOTE 1
	20
	100 ms
	10-2
	N/A
	TBD
	Conversational Voice

	2

	
	40
	150 ms
	10-3
	N/A
	TBD
	Conversational Video (Live Streaming)

	3
	
	30
	50 ms
	10-3
	N/A
	TBD
	Real Time Gaming, V2X messages

Electricity distribution – medium voltage, Process automation - monitoring

	4

	
	50
	300 ms
	10-6
	N/A
	TBD
	Non-Conversational Video (Buffered Streaming)

	65
	
	7
	75 ms
	
10-2
	N/A
	TBD
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66

	
	
20
	100 ms
	
10-2
	N/A
	TBD
	Non-Mission-Critical user plane Push To Talk voice

	75
	
	25
	50 ms
	10-2
	N/A
	TBD
	V2X messages

	E

NOTE 4
	
	18
	10 ms
	10-4
	255 B
	TBD
	Discrete Automation

	F

NOTE 4
	
	19
	10 ms
	10-4
	1358 B

NOTE 3
	TBD
	Discrete Automation

	5
	Non-GBR

NOTE 1
	10
	100 ms
	10-6
	
	N/A
	IMS Signalling

	6
	
	
60
	
300 ms
	
10-6
	
	N/A
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
	
10-3
	
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	
300 ms
	

10-6
	
	N/A
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
	
	90
	
	
	
	N/A
	sharing, progressive video, etc.)

	69
	
	5
	60 ms
	10-6
	
	N/A
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
	
	55
	200 ms
	10-6
	
	N/A
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	79
	
	65
	50 ms
	10-2
	
	N/A
	V2X messages

	G
	
	66
	10 ms


	10-6
	N/A
	N/A
	Low Latency eMBB applications Augmented Reality

	NOTE 1:
a packet which is delayed more than PDB is not counted as lost, thus not included in the PER.
NOTE 2:
it is required that default Maximum Data Burst Volume is supported by a PLMN supporting the related 5QIs.
NOTE 3:
This Maximum Burst Size value is intended to avoid IP fragmentation on an IPv6 based, IPSec protected, GTP tunnel to the 5G-AN node.
NOTE 4:
A delay of 1 ms for the delay between a PCEF and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface.

NOTE 5:The jitter for this service is assumed to be 20 msec as per TS 22.261 [2].


However, neither 5QI value for 3 ms one-way latency and 1-10-5 reliability nor Non-GBR 5QI value for 5 ms one-way latency and 1-10-5 reliability were defined. Therefore, whether such 5QI values need to be further defined for V2X services should be studied.
In addition, other aspects such as local routing for V2X communication can be considered for URLLC.
2. Proposal
This paper proposes a new key issue related to URLLC for study in TR 23.786 as below.
* * * * Start of 1st Change * * * * 
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* * * * Start of 2nd Change * * * * 

5.u
Key Issue #u: Support of URLLC
5.u.1
General description
Support of URLLC should be considered for V2X services in terms of the following performance requirements as described in TS 22.186 [4]:
-
5 ms one-way latency and 1-10-5 reliability for remote driving
-
3 ms one-way latency and 1-10-5 reliability for advance driving (i.e. Emergency trajectory alignment) and extended sensors (i.e. Higher degree of automation - Sensor information sharing)
To support URLLC for V2X services, the following aspects need to be studied at least:
- 
Identify how the 5G System specified in TS 23.501 [x1] and TS 23.502 [x2] supports URLLC for V2X services, e.g. standardized 5QI value = B specified in TS 23.501 [x1].
-
Possible improvements to support URLLC for V2X services on the existing features and mechanisms for the 5G System.
-
New feature, mechanism or standardized 5QI value to support URLLC for V2X services by the 5G System if necessary.
When studying the above aspects, the following needs to be considered:
-
Local routing for low latency V2X communication, e.g. V2X Application Server in a local DN close to NG-RAN
* * * * End of Changes * * * * 
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