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1.
Introduction
As a result of SA2#114 held in April, the solution that proposes new QCI values for LTE-Uu based V2X was captured in TR23.785 [1] as below. The new QCI values are defined mainly for delay sensitive V2X messages whose maximum latency requirement of end-to-end delivery is 100ms. 
	6.7
Solution #7: New QCI values for LTE-Uu based V2X message transmission/reception
6.7.1
Functional Description
The V2X messages for V2V/P Services can be transmitted periodically or based on a certain event. LTE-Uu based V2X message transmission for V2V/P Services has to fulfil the following latency requirement:

-
100 ms for V2X message delivery from the transmitting UE and to the receiving UEs
The V2X message can be delivered via Non-GBR bearer as well as GBR bearer. However, there is neither existing standardized Non-GBR QCI nor existing standardized GBR QCI which meets the latency requirement for V2X message delivery for V2V/P Services. Therefore, this solution proposes to define a new Non-GBR QCI value and a new GBR QCI value for V2X messages for QoS support. 

The rationale of setting performance characteristics for newly defined GBR QCI value is as below:

-
Resource Type is GBR.
-
Packet Delay Budget (PDB) is set to 50 ms (= 100 ms/2).
-
Priority Level is set to be higher value than QCI for Public Safety (i.e. > 0.7) and lower value than QCIs for non-Public Safety (i.e. < 2). 
-
Packet Error Loss Rate (PELR) is set to support high reliability without requiring application-layer message retransmissions while considering the low PDB which may cause the higher PELR.
The rationale of setting performance characteristics for newly defined Non-GBR QCI value is as below:

-
Resource Type is Non-GBR.
-
Packet Delay Budget (PDB) is set to 50 ms (= 100 ms/2). 
-
Priority Level is set to be higher value than QCI for Public Safety (i.e. > 5.5) and lower value than QCIs for non-Public Safety (i.e. < 6) by only considering QCIs for non-signalling. 
-
Packet Error Loss Rate (PELR) is set to support high reliability without requiring application-layer message retransmissions while considering the low PDB which may cause the higher PELR.Table 6.X.1-1 captures QCI characteristics for V2X messages.
Table 6.7.1-1: QCI characteristics for V2X messages 
QCI

Resource Type

Priority Level

Packet Delay Budget

Packet Error Loss Rate
Example Services

75
GBR
1.8
50 ms

10-2
V2X messages 

79
Non-GBR

5.8
50 ms

10-2
V2X messages 

Editor's Note: Based on input from SA WG1, the value of Priority Level will be finally determined.
Editor's Note: New QCI values and whether they apply for UL and DL will be investigated and confirmed by RAN WG2.
Editor's Note: We need to examine the 100 ms delay whether it includes application processing.


As seen from the EN highlighted in yellow above, the newly defined QCI values and whether they apply for UL and DL need to be investigated and confirmed by RAN2 in order for SA2 to progress their works on the support of V2X in timely manner.
Since SA1 is discussing on priority level, it is focused on the packet delay budget and packet error loss rate in this contribution.
2.
Discussion 
To support scenario 2 and 3, E-UTRAN performs uplink reception and downlink transmission of V2X messages. Given that the maximum latency requirement of end-to-end delivery of V2X message is 100ms, V2X messages for safe-related V2X application should be basically exchanged among vehicles in timely manner. In order to support maximum latency requirement of end-to-end delivery of V2X message, we can easily assume that one-way (UL/DL) delay should be at most 50ms. However, the current QCI values (e.g. QCI 1/65/70) which might be considered for V2X does not satisfy this requirement as well as priority level. In this sense, new QCI values are required to be defined.
Observation 1) Defining new QCI values is necessary for transmission and/or reception of V2X message via Uu interface.
Packet Delay Budget (PDB)
As mentioned above, considering the maximum latency requirement of end-to-end delivery of V2X is 100ms, one-way (UL/DL) delay should be at most 50ms from our view.

Observation 2) 50ms is appropriate as packet delay budget of new QCI.

Packet Error Loss Rate (PELR)
According to TS 23.203, the Packet Error Loss Rate (PELR) defines an upper bound for the rate of SDUs that have been processed by the sender of a link layer protocol but that are not successfully delivered by the corresponding receiver to the upper layer. The purpose of the PELR is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in E UTRAN).
Based on the PDB of new QCI, we could evaluate the PELR. PDB that applies to the radio interface would be around 30ms based on the assumption that 50ms is PDB for a new QCI and a delay between a PCEF and a radio base station is 20ms as shown in TS 23.203. It is notable that a delay between a PCEF and a radio based station can be reduced with a localized routing of V2X messages being discussed in SA2. However, let us assume that a delay between a PCEF and an eNB is 20ms for analysis of PELR. Considering RTT is 8ms, 2 or 3 HARQ retransmission is possible within 30ms PDB. If we assume minimum radio layer message reception reliability (p) as 90%, a cumulative transmission reliability (i.e. 1-(1-p)2 or 1-(1-p)3 ) would be 0.99 or 0.999.
Observation 3) A PELR of the new QCI value for periodic V2X messages is around 10-2 or 10-3
Proposal 1 Confirm the above observations on PDB and PELR.
Depending on the message generation pattern, V2X message can be largely categorized into periodic V2X message (e.g. CAM) and event-triggered V2X message (e.g. DENM). One aspect worth further discussion is whether to define a different QCI values for these two types of V2X messages. Some network might want to preferentially handle event-triggered message over periodic message since event-triggered message seems to be more crucial to prevent big safety problem (e.g. vehicle crash). Considering this aspect, it is proposed
Proposal 2 Discuss whether to define different QCI value for periodic V2X message and event-triggered V2X message.
3.
Conclusion
Based on the solution captured in SA2 TR [1] regarding new QCI values for LTE-Uu based V2X message transmission/reception, it is discussed on new QCI values for handling V2X messages and proposed as below.
Observation 1) Defining new QCI values is necessary for transmission and/or reception of V2X message via Uu interface.

Observation 2) 50ms is appropriate as packet delay budget of new QCI.

Observation 3) A PELR of the new QCI value for periodic V2X messages is around 10-2 or 10-3
Proposal 1 Confirm the above observations on PDB and PELR. 
Proposal 2 Discuss whether to define different QCI value for periodic V2X message and event-triggered V2X message.
Reference
[1] TR 23.785v0.3.0, Study on architecture enhancements for LTE support of V2X services, April 2016
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Annex

Table 6.1.7: Standardized QCI characteristics [TS 23.203]

	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
(NOTE 1, NOTE 11)
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
(NOTE 1, NOTE 11)
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
(NOTE 1, NOTE 11)
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
(NOTE 1, NOTE 11)
	10-6
	Non-Conversational Video (Buffered Streaming)

	65
(NOTE 3, NOTE 9, NOTE 12)
	
	0.7
	75 ms
(NOTE 7,
NOTE 8)
	
10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66
(NOTE 3, NOTE 12)
	
	
2
	100 ms
(NOTE 1,
NOTE 10)
	
10-2
	Non-Mission-Critical user plane Push To Talk voice

	5
(NOTE 3)
	
	1
	100 ms
(NOTE 1, NOTE 10)
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
(NOTE 1, NOTE 10)
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
(NOTE 1, NOTE 10)
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	
300 ms
(NOTE 1)
	

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

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)

	69
(NOTE 3, NOTE 9, NOTE 12)
	
	0.5
	60 ms
(NOTE 7, NOTE 8)
	10-6
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
(NOTE 4, NOTE 12)
	
	5.5
	200 ms
(NOTE 7, NOTE 10)
	10-6
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	NOTE 1:
A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. This delay is the average between the case where the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in most typical cases. Also, note that the PDB defines an upper bound. Actual packet delays - in particular for GBR traffic - should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality.
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