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1 Introduction
Rel-13 D2D has already enabled a priority handling mechanism for D2D communication based on ProSe Per-Packet Priority (PPPP). For V2X communication, some QoS requirements have been introduced in SA1, which need to be supported by D2D in case PC5 is used for V2X. In this contribution, we first summarize the requirements defined in SA1 and then discuss if the existing priority handling mechanism specified in Rel-13 D2D can support these requirements.

2 Discussion
2.1 Requirements for V2X
According to TR 22.885 [1], SA1 has agreed on several requirements that need to be supported for V2X communications. Particularly for QoS, the related requirements include Latency, Reliability, Message transmission frequency and Priority and they are respectively discussed in the following sections. 

2.1.1  Latency 
The requirements for Latency are derived from [1] as follows.  In accordance with SA1, the latency for most of the V2X transmissions is required to be no more than 100 ms, while in some special cases (i.e. pre crash-sensing) 20 ms is required. 
	[CPR-014]
The E-UTRA(N) shall be capable of transferring V2X messages between two UEs supporting V2V/P Service, directly or via an RSU, with a maximum latency of 100ms.

[CPR-015]
For particular usage (i.e., pre-crash sensing) only, the E-UTRA(N) should be capable of transferring V2X messages between two UEs supporting V2V Service with a maximum latency of 20ms.


2.1.2  Message Transmission Frequency 
The requirement for message transmission frequency is defined in [1]. 
	[CPR-011]
The E-UTRA(N) shall be able to support a maximum frequency of 10 V2X messages per second per V2X entity (e.g., UE and RSU).


This requirement means that the UE needs to be configured with sufficient radio resources to support transmission of up to 10 V2X messages per second. This requirement may further result in a requirement for guaranteed bit rate.

2.1.3 Reliability 
SA1 requires high reliability for V2X messages transport as shown below [1]. 
	 [CPR-027]
The E-UTRA(N) shall be able to support high reliability without requiring application-layer message retransmissions.


There is no specific requirement defined, but example parameters are provided in the Annex of TR 22.885 as follows.  
	Table A.1: Example parameters for V2X Services [1]
Effective distance*

Absolute speed of a UE supporting V2X Services

Relative speed between 2 UEs supporting V2X Services

Maximum tolerable latency

Minimum radio layer message reception reliability (probability that the recipient gets it within 100ms) at effective distance
Example Cumulative transmission reliability***
#1 (suburban/major road)

200m

50km/h

100km/h

100ms

90%

99%

#2 (freeway/motorway)

320m

160km/h

280km/h

100ms

80%

96%
#3 (autobahn)

320m

280km/h

280km/h

100ms

80%

96%
#4 (NLOS / urban)

150m

50km/h

100km/h

100ms

90%

99%
#5 (urban intersection**)

50m

50km/h

100km/h

100ms

95%

-
#6 (campus/ shopping area)
50m
30km/h
30km/h
100ms
90%
99%
#7 Imminent crash 
20m
80km/h

160km/h

20ms****

95%

-
<text omitted here>

Note***: Example shown for 2 transmissions, for the statistical assumptions leading to a probability of 1 – (1-p)2, where p is the probability of reception at the radio layer. V2X application layer requires a consecutive packet loss no more than 5%. If probability that a single V2X application layer message is lost is less than 20%, the requirement of less than 5% consecutive packet loss is met. Due to PHY retransmissions and the rapid cadence of application layer transmissions, the reliability as viewed from the application layer will be increased from the numbers as stated in this column.


As observed above, for different scenarios the reliability requirements are in the range of 80% ~ 95%.  Different reliability requirements may be mapped to different transmission configurations in AS layers. Upper layers should inform AS layers of the target reception reliability value for V2X messages.
2.1.4  Priority 
Different V2X messages may have different priorities as defined in SA1. Particularly, some V2X messages may be prioritized over traditional MBB traffic according to their type, as defined in [1]. 
	[CPR-007]
The 3GPP network shall be able to provide means to prioritize V2X message transmission among UEs supporting V2X Service. 
[CPR-008]
The 3GPP network shall be able to provide means to prioritize transmission of V2X messages according to their type (e.g. safety vs. non-safety).


However, from this requirement, it is not clear how many priority levels should be supported. Upper layers should inform AS layers of the priority for each V2X messages.
Based on the above discussions, it is observed that from SA1’s point of view, there are several QoS related requirements, e.g. latency, reliability, message transmission frequency and priority.
Observation 1: According to TR 22.885, there are several QoS related requirements for V2X communication including latency, reliability, message transmission frequency and priority.  
It can also be observed that the requirements for different V2X messages could be different according to their message types, location, and usage.  For instance, latency has two different requirement, 100 ms and 20 ms for different use cases. The requirement for Reliability ranges from 80% to 95% according to the scenario.  
Observation 2: The QoS requirements could be different for different V2X messages.  
2.2 Issues Related to QoS support for PC5-based V2X
For Rel-13 D2D communication, priority handling based on ProSe Per Packet Priority (PPPP) is supported. Specifically, there are two resource allocation modes supporting priority handling in Rel-13. For scheduled resource allocation, RAN2 has agreed that the UE can report the priority information included in LCG ID of the Sidelink Buffer Status Report (SL BSR), and the eNB can allocate resources according to the priority information. For UE autonomous resource selection, RAN2 has agreed that up to 8 resource pools can be configured to the UE, and each pool can be associated with a list of priorities (i.e. PPPPs).  
Except for this priority handling mechanism, there is no other mechanism specified in Rel-13 to guarantee other QoS requirements such as latency and bit rate. Therefore, Rel-13 D2D communication is not able to satisfy the V2X requirements in terms of QoS. 
In order to support QoS, similar to PPPP defined in Rel-13, upper layers should provide QoS related requirements to AS layers associated with V2X messages. According to the QoS requirement provided by the upper layers, the AS layers can decide the transmission parameters for each V2X message. It is up to the upper layers how to provide the QoS requirements. Upper layers may provide a QCI-like tag which is corresponding to a set of QoS parameters, or directly provide a set of QoS parameters to AS layers associated with the V2X message.
How to support the QoS requirements specified by SA1 (including latency, priority, reliability and message transmission frequency) should be further studied in the V2V WI. 
Observation 3: Rel-13 D2D communications is not able to meet the V2X requirements in terms of QoS.  
Proposal 1: In order to support QoS, similar to PPPP defined in Rel-13, upper layers should provide QoS related parameters to AS layers associated with each V2X message.  According to the QoS requirements provided by the upper layers, the AS layers determine the transmission parameters for each V2X message.
Another point that needs to be considered is the co-existence of V2X and legacy D2D services. From the system perspective, it is possible that there are V2X services as well as legacy D2D services in the same network. It is possible that a pedestrian UE which is engaged in a V2P service could simultaneously perform legacy D2D services (e.g., group call). A vehicle UE which is performing V2X transport (e.g. a police vehicle) could simultaneously perform legacy PS D2D services (e.g. group call) as well. The V2X service may have different priorities from legacy D2D services. RAN2 should also discuss how to perform priority handling in case V2X services and other legacy D2D services coexist in a UE.
Proposal 2: Co-existence of theV2X services and D2D services should be considered from both the network and UE’s perspective. 
2.3 Issues Related to QoS support for Uu-based V2X

For Uu-based V2X transmission, the network should guarantee the end-to-end QoS requirements based on the V2X message requirements. However, the values for performance characteristics (including priority, packet delay budget, packet error loss rate and resource type) associated with the existing specified QCIs may not satisfy the requirements of V2X transmission. Therefore, the QCI values may need to be further extended according to the V2X requirements.
In SA2 #113, V2X QoS was discussed, and key issues relating to LTE V2X QoS support were agreed [3]: 

	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?


In case SA2 specifies a new QCI class for V2X service, the EPC can establish a dedicated bearer with the V2X-specific QCI, and the eNB can configure the UE with corresponding resources to guarantee the service requirements. 
Proposal 3: It is up to SA2 to decide how to support QoS for V2X transmission based on Uu. 
3 Conclusion
This contribution discussed the QoS requirements and issues for PC5/Uu to support these requirements. Some observations and proposals are given below.

Observation 1: According to TR 22.885, there are several QoS related requirements for V2X communication including latency, reliability, message transmission frequency and priority.  

Observation 2: The QoS requirements could be different for different V2X messages.  

Observation 3: Rel-13 D2D communications is not able to meet the V2X requirements in terms of QoS.  
Proposal 1: In order to support QoS, similar to PPPP defined in Rel-13, upper layers should provide QoS related parameters to AS layers associated with each V2X message. According to the QoS requirements provided by upper layers, the AS layers determine the transmission parameters for each V2X message.
Proposal 2: Co-existence of theV2X services and D2D services from the network/UE perspective should be considered. 
Proposal 3: It is up to SA2 to decide how to support QoS for V2X transmission based on Uu.
4 Text Proposal

Note: This text proposal is based on the latest version of TR 36.885 (i.e. V1.0.0) [2] as provided in 2016-03.

--- BEGIN Text Proposal ---
5
Technical support for V2V
5.1
PC5 interface

Editor notes: Including necessary enhancements for PC5 transport for V2V services.

5.1.1
Resource allocation
 <Text omitted here>
5.1.4
QoS Handling
At least the performance requirements for latency, reliability, message transmission frequency and priority should be guaranteed for PC5 or Uu based V2X.

For PC5 based V2X, in order to support QoS, upper layers should provide QoS related parameters to AS layers associated with each V2X message. According to the QoS requirements provided by upper layers, the AS layers determine the transmission parameters for each V2X message. 
Co-existence of V2X traffic and legacy D2D traffic (e.g., group call) from the network/UE perspective should be considered. 

5.2
Uu interface

Editor notes: Including feasibility of Uu transport for V2V services.
<Text omitted here>
5.2.X
QoS Handling

For Uu based V2X, in order to support QoS, the QCI values may need to be extended.

--- END Text Proposal ---
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