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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#80, the NR Rel-16 V2X SID [1] was agreed. One of its objectives is as below:
	5: QoS management [RAN1, RAN2]:
· Study technical solutions for QoS management of the radio interface (including both Uu and sidelink) used for V2X operations based on input from SA2



This paper analyzes the feasibility of using current NR QoS framework for V2X services both in Uu and sidelink interface and proposes the potential enhancements.
Discussion
SA2 V2X QoS requirement
To support 5G V2X services, 30 use cases and their performance requirements are studied in TR 22.286[2]. Five use case groups are further defined, which include vehicles platooning, advanced driving, remote driving, extended sensor and general aspects (interworking, communication-related requirements valid for all V2X scenarios). Performance requirements of each use case are characterized by:
· Payload (Bytes);
· Transmission rate (Message/Sec);
· Maximum end-to-end latency (ms);
· Reliability (%);
· Data rate (Mbps);
· Minimum communication range (meters). 
Observation1: From the perspective of requirement, V2X QoS parameters include payload, transmission rate, maximum end-to-end latency, reliability, data rate and minimum communication range.
NR QoS and V2X QoS
According to [3], 5G QoS parameters of QoS profile include 5QI, ARP, RQA, GFBR, MFBR, notification control and maximum packet loss rate. A QoS profile is provided by CN to the gNB over the N2 reference point or preconfigured in the access network. gNB will use these QoS parameters to perform admission control, DRB management/configuration and QoS guarantee.
The 5G QoS characteristics associated with 5QI are in terms of the followings: 
· Resource Type (GBR, delay critical GBR or Non-GBR)
· Priority level;
· Packet Delay Budget;
· Packet Error Rate;
· Averaging window;
· Maximum Data Burst Volume (for Delay-critical GBR resource type only).
The 5G QoS characteristics are bundled and indicated through the 5QI value as part of the QoS profile, as shown in Table 1.   In Table 1, some 5QI values had been defined for V2X, such as 5QI=79 for V2X message, 5QI=82, 83 for ITS (Intelligent Transport Systems).   The 5G QoS characteristics are based on end-to-end requirements, which include the RAN and 5G core network.  The NR V2X QoS characteristic should follows the 5G QoS characteristics with more stringent performance requirements in Uu and SL links in order to satisfy end-to-end performance requirements.  
[bookmark: _Ref520920438][bookmark: _GoBack]Table 1: Standardized 5QI to QoS characteristics mapping
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	1

	
GBR
	20
	100 ms
	10-2
	N/A
	2000 ms
	Conversational Voice

	2

	NOTE 1
	40
	150 ms
	10-3
	N/A
	2000 ms
	Conversational Video (Live Streaming)

	3
	
	30
	50 ms
	10-3
	N/A
	2000 ms
	Real Time Gaming, V2X messages
Electricity distribution – medium voltage, Process automation - monitoring

	4

	
	50
	300 ms
	10-6
	N/A
	2000 ms
	Non-Conversational Video (Buffered Streaming)

	65
	
	7
	75 ms
	
10-2
	N/A
	2000 ms
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66

	
	
20
	100 ms
	
10-2
	N/A
	2000 ms
	Non-Mission-Critical user plane Push To Talk voice

	67

	
	15
	100 ms
	10-3
	N/A
	2000 ms
	Mission Critical Video user plane

	75
	
	25
	50 ms
	10-2
	N/A
	2000 ms
	V2X messages

	5
	Non-GBR
	10
	100 ms
	10-6
	N/A
	N/A
	IMS Signalling

	6
	NOTE 1
	
60
	
300 ms
	
10-6
	N/A
	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
	N/A
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	


300 ms
	


10-6
	


N/A
	


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

	9
	
	90
	
	
	
	
	video, etc.)

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

	70
	
	55
	200 ms
	10-6
	N/A
	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
	N/A
	V2X messages

	80
	
	68
	10 ms

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

	81
	Delay Critical GBR
	11
	5 ms
	10-5
	160 B
	2000 ms
	Remote control
(see TS 22.261 [2])

	82
	
	12
	10 ms
NOTE 5
	10-5
	320 B
	2000 ms
	Intelligent transport systems

	83
	
	13
	20 ms
	10-5
	640 B

	2000 ms
	Intelligent Transport Systems

	84
	
	19
	10 ms
	10-4
	255 B
	2000 ms
	Discrete Automation

	85
	
	22
	10 ms
	10-4
	1358 B
NOTE 3
	2000 ms
	Discrete Automation

	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 MDBV is supported by a PLMN supporting the related 5QIs.
NOTE 3:	This MDBV 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 UPF terminating N6 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 according to TS 22.261 [2].


From the above content, some QoS parameters of QoS profile, i.e. ARP, RQA, notification control and maximum packet loss rate, have no mapping relationship with V2X service requirements. Table 2 gives a comparison between V2X requirements and 5G QoS parameter/characteristics in 5QI. It indicates that most of V2X service requirements are already covered by 5G QoS parameter/characteristic in 5QI except for transmission rate and minimum required communication range. It can be discussed whether transmission rate and minimum required communication range are necessary V2X QoS characteristic to be informed by CN. Relevant work regarding V2X QoS framework is ongoing in SA2. Potential RAN enhancements may be developed based on SA2’s progress.
Table 2 Comparison between V2X requirement and 5G QoS parameter/characteristic
	V2X service requirement
	5G QoS parameter/characteristic in 5QI

	Payload
	Maximum data burst volume

	Transmission rate
	N/A

	Maximum end-to-end latency
	Packet delay budget

	Reliability
	Packet error rate

	Data rate
	GFBR/MFBR

	Minimum required communication range
	N/A



Observation2: Most of V2X service requirements are already covered by 5G QoS parameter/characteristic in 5QI.
NR V2X QoS parameters acquisition
In current 5G system, QoS profile is carried by N2 signaling from CN to access network before data packet arrival. The current signaling and procedure may consider to be reused for V2X services over Uu interface. But for SL interface, R14/15 V2X uses the method of carrying PPPP and PPPR parameters in each packet, which can omit QoS parameter notification procedure before data packet arrival and reduce transmission delay.
For NR V2X SL interface, there are following potential methods to get QoS parameters:
· Alt1: Per-packet indicator, e.g. similar to R14/15 PPPP and PPPR;
· Alt1.1 Based on current PPPP and PPPR with extension of some NR new QoS parameters;
· Alt1.2 5QI like new NR V2X QoS mapping table;
· Alt2: 5QI framework and QoS flow based, e.g. as defined in NR Rel-15;
Alt 1 is similar to R14/15 V2X mechanism and the advantage is lower latency and without any pre-signaling procedure. There are two branches of Alt1, i.e. PPPP and PPPR based enhancement (Alt1.1) and 5QI based enhancement (Alt1.2). Alt1.2 means to build pre-defined/semi-static mapping between possible 5QI and related V2X QoS parameters and carry 5QI in each packet, which is similar to SA2 solution19 in [3] and can be further studied. Alt 2 is similar to Uu procedure and the disadvantage is higher latency. 
Proposal: RAN2 to consider per-packet indicator method as baseline for NR V2X QoS parameters acquisition.

Conclusion
According to the analysis in the above sections, we have following observations and proposals:
Observation1: From the perspective of requirement, V2X QoS parameters include payload, transmission rate, maximum end-to-end latency, reliability, data rate and minimum communication range.
Observation2: Most of V2X service requirements are already covered by 5G QoS parameter/characteristic in 5QI.
Proposal: RAN2 to consider per-packet indicator method as baseline for NR V2X QoS parameters acquisition.
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