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Abstract of the contribution: This paper proposes to define four new QCI values which are two each for GBR and Non-GBR to support QoS when LTE-Uu is used for V2X message transmission.
1. Discussion
Regarding Key Issue #7, this paper discusses QoS for V2X Service when LTE-Uu is used for V2X message transmission/reception for V2V/P/I Services.
	5.7
Key Issue #7: QoS for V2X Service
5.7.1
General description
To support the V2X service requirements including the maximum transmission frequency, maximum latency and high reliability, the following aspects need to be studied for both the PC5 and LTE-Uu based architecture at least:
-
Which QoS parameters need to be defined for V2X Service?

-
How does the 3GPP system provide means to support of transferring V2X messages between two UEs supporting V2V/P Service (directly or via an RSU), or between a UE supporting V2I Service and an RSU, with a maximum latency of 100ms (20ms for particular V2V Service)?


For E-UTRAN access to the EPC the PDN connectivity service is provided by an EPS bearer and the EPS bearer QoS profile includes the parameters QCI, ARP, GBR and MBR. Each EPS bearer (GBR and Non-GBR) is associated with the following bearer level QoS parameters:

-
QoS Class Identifier (QCI);

-
Allocation and Retention Priority (ARP).

Whether the current QCIs can fulfil the QoS requirement for V2X message transmission/reception for V2V/P Services needs to be investigated.
In terms of latency requirements as described in clause 5.2.1 of TS 22.185, 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
If we consider Solution #3 ‘V2X message transmission/reception for V2V/P Services via LTE-Uu’, the V2X message delivery is a combination of uplink transmission from the transmitting UE to the V2X Application Server and downlink transmission from the V2X Application Server to the receiving UEs.

It is considered that the latency requirement of 20 ms for particular usage (i.e., pre-crash sensing) cannot be met when LTE-Uu is used for V2X message transmission/reception for V2V/P Services.
	5.2
Specific Service Requirements   // TS 22.185
5.2.1
Latency/ Reliability Requirements
[R-5.2.1-001]
The E-UTRA(N) shall be capable of transferring messages between two UEs supporting V2V/P application, directly or via an RSU, with a maximum latency of 100ms.

[R-5.2.1-002]
For particular usage (i.e., pre-crash sensing) only, the E-UTRA(N) should be capable of transferring messages between two UEs supporting V2V application with a maximum latency of 20ms.

[R-5.2.1-003]
The E-UTRA(N) shall be capable of transferring messages between a UE supporting V2I application and an RSU with a maximum latency of 100ms.
[R-5.2.1-004]
The E-UTRAN shall be capable of transferring messages via 3GPP network entities between a UE and an application server both supporting V2N application with an end-to-end delay no longer than 1000 ms.

[R-5.2.1-005]
The E-UTRA(N) shall be able to support high reliability without requiring application-layer message retransmissions.


1.1  Consideration on unicast bearer for uplink/downlink
The default bearer providing the UE with IP connectivity throughout the lifetime of the PDN connection can be used to deliver the V2X messages generated periodically (e.g. CAM). When examining the existing standardized Non-GBR QCI values defined in TS 23.203, no Non-GBR QCI value meets the latency requirement for V2X message delivery for V2V/P Services. Which means PDB should be less than 50 ms (= 100 ms/2) but there is no Non-GBR QCI value which meets this delay budget.
Observation 1: There is no existing standardized Non-GBR QCI which meets the latency requirement for V2X message delivery for V2V/P Services under the assumption that the periodically generated V2X messages are delivered via the default bearer that should be Non-GBR.
To address QoS requirements for delivery of periodic V2X messages for V2V/P Services, we propose to define a new Non-GBR QCI value. The PDB of this new QCI value should be less than 50 ms while taking into account that some margin is needed for delay in V2X message transfer between the P-GW and the V2X Application Server because the PDB is an upper bound for the time that a packet may be delayed between the UE and the PCEF rather than between the UE and the Application Server.
Proposal 1: It is propose to define a new Non-GBR QCI value for periodic V2X messages for V2V/P Services whose PDB is less than 50 ms.
Regarding the Priority Level of the newly defined QCI value, the periodically generated V2X message is for road safety. The Priority Level is used to differentiate between SDF aggregates of the same UE, and also be used to differentiate between SDF aggregates from different UEs when the PDB cannot be met. Therefore, it seems reasonable to set the Priority Level of the new QCI value to higher value than or similar to QCI for Public Safety (i.e. for mission critical services) and lower value than QCIs for non-Public Safety by only considering QCIs for non-signalling.
Proposal 2: It is propose to set the Priority Level of the new QCI value for periodic V2X messages for V2V/P Services to higher value than QCI for Public Safety and lower value than QCIs for non-Public Safety by only considering QCIs for non-signalling.
	6.1.7.2
Standardized QCI characteristics   // TS 23.203
…
Table 6.1.7: Standardized QCI characteristics

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.

…
…
The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the PCEF. For a certain QCI the value of the PDB is the same in uplink and downlink. The purpose of the PDB is to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). The PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.


Regarding the Packet Error Loss Rate (PELR) which is an upper bound for a rate of non congestion related packet losses, it is considered that the lower PDB, the fewer retransmissions which means this may result in the higher PELR.

Clause 5.2.1 of TS 22.185 describes as below for reliability without any numeric value.

[R-5.2.1-005]
The E-UTRA(N) shall be able to support high reliability without requiring application-layer message retransmissions.
According to Annex A: Example parameters of TR 22.885, the example cumulative transmission reliability is [96%, 99%].
Based on the analysis, we propose to set the PELR for the new QCI value to 10-2.

Proposal 3: It is propose to set the PELR of the new QCI value for periodic V2X messages for V2V/P Services to 10-2.
Proposal 4: Based on the discussion above, the new QCI for periodic V2X messages for V2V/P Services would have the following characteristics:
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss Rate
	Example Services

	79
	Non-GBR
	5.8
	45 ms
	10-2
	Periodic V2X message for V2V/P Services


There are event-triggered V2X messages (e.g. DENM) in addition to periodic V2X messages for V2V/P Services. The question is whether the new QCI value defined for periodic V2X messages can be used for event-triggered V2X messages or a new QCI value needs to be defined only for event-triggered V2X messages. Our observation is that no differentiation is necessary in bearer type (i.e. Non-GBR), PDB and PELR between for event-triggered V2X messages and for periodic V2X messages. However, the different Priority Level is needed for event-triggered V2X messages because event-triggered V2X messages are more considerable than periodic V2X messages. Therefore, we propose to define a new QCI value for event-triggered V2X messages whose Priority Level is lower than QCI for periodic V2X messages.
Observation 2: No differentiation is necessary in bearer type (i.e. Non-GBR), PDB and PELR between for event-triggered V2X messages and for periodic V2X messages, but the different Priority Level is needed for event-triggered V2X messages because event-triggered V2X messages are more considerable than periodic V2X messages.
Proposal 5: It is propose to define a new Non-GBR QCI value for event-triggered V2X messages for V2V/P Services whose PDB and PELR are set to same to QCI for periodic V2X messages while Priority Level is lower than QCI for periodic V2X messages.

Proposal 6: Based on the discussion above, the new QCI for event-triggered V2X messages for V2V/P Services would have the following characteristics:

	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss Rate
	Example Services

	80
	Non-GBR
	5.7
	45 ms
	10-2
	Event-triggered V2X message for V2V/P Services


1.2  Consideration on MBMS bearer for downlink
For EPS, only GBR MBMS service was defined. When examining the existing standardized GBR QCI values defined in TS 23.203, no GBR QCI value meets the latency requirement (< 50 ms) for V2X message delivery for V2V/P Services.

Observation 3: There is no existing standardized GBR QCI which meets the latency requirement for V2X message delivery for V2V/P Services to support MBMS bearer.
To address QoS requirements for delivery of periodic V2X messages and event-triggered V2X messages for V2V/P Services via MBMS bearer, we propose to define two new GBR QCI values. Only Priority Level for event-triggered V2X messages is set differently to that for periodic V2X messages while PDB and PELR are set same, based on same principle as explained in 1.1 above.
Proposal 7: It is propose to define two new GBR QCI values for V2V/P Services, one for periodic V2X messages and the other for event-triggered V2X messages as below.
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss Rate
	Example Services

	75
	GBR
	1.8
	45 ms
	10-2
	Periodic V2X message for V2V/P Services

	76
	GBR
	1.7
	45 ms
	10-2
	Event-triggered V2X message for V2V/P Services


1.3  Priority Level of the new QCI values

During the conference call held to prepare SA2#114, the suggestion was made to send an LS to SA1 to get their opinion/feedback regarding Priority Level of new QCI values for V2X service proposed in this paper. The question would be whose Priority Level should be lower between QCI for mission critical services and V2X service or same value is acceptable from service point of view. S2-161534 is a draft outgoing LS to SA1.
Proposal 8: It is propose to send an LS to SA1 to get their opinion/feedback regarding Priority Level of new QCI values for V2X service proposed in this paper. S2-161534 is a draft outgoing LS.
2. Proposal
It is proposed to add the following solution to TR 23.785.
* * * * Start of 1st Change * * * *
6.X
Solution #X: New QCI values for LTE-Uu based V2X message transmission/reception for V2V/P Services
6.X.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 two new Non-GBR QCI values, one for periodic V2X messages and the other for event-triggered V2X messages for QoS support. Also, this solution proposes to define two new GBR QCI values, one for periodic V2X messages and the other for event-triggered V2X messages for QoS support.
The rationale of setting performance characteristics for newly defined GBR QCI values is as below:

-
Resource Type is GBR.

-
Packet Delay Budget (PDB) should be less than 50 ms (= 100 ms/2) while taking into account that some margin is needed for delay in V2X message transfer between the V2X Application Server and the BM-SC.

-
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). Priority Level for event-triggered V2X message is set to lower than QCI for periodic V2X messages because event-triggered V2X messages are more considerable than periodic V2X messages.
-
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 values is as below:

-
Resource Type is Non-GBR.

-
Packet Delay Budget (PDB) should be less than 50 ms (= 100 ms/2) while taking into account that some margin is needed for delay in V2X message transfer between the P-GW and the V2X Application Server.
-
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. Priority Level for event-triggered V2X message is set to lower than QCI for periodic V2X messages because event-triggered V2X messages are more considerable than periodic V2X messages.
-
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 for V2V/P Services.
Table 6.X.1-1: QCI characteristics for V2X messages for V2V/P Services
	QCI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error Loss Rate
	Example Services

	75
	GBR
	1.8
	45 ms
	10-2
	Periodic V2X message for V2V/P Services

	76
	GBR
	1.7
	45 ms
	10-2
	Event-triggered V2X message for V2V/P Services

	79
	Non-GBR
	5.8
	45 ms
	10-2
	Periodic V2X message for V2V/P Services

	80
	Non-GBR
	5.7
	45 ms
	10-2
	Event-triggered V2X message for V2V/P Services


6.X.2
Procedures

Editor's Note: Describes the high-level operation, procedures and information flows for the solution.
6.X.3
Impact on existing entities and interfaces
Editor's Note: Impacts on existing nodes or functionality will be added.
6.X.4
Topics for further study

It is FFS how to set up a dedicated bearer in the SIPTO@LN PDN connection related to Solution #3.
6.X.5
Conclusions

Editor's note: Conclusions will be collected for this particular functionality.
* * * * End of Changes * * * *
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