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Introduction
In RAN#80, the NR Rel-16 V2X SID [1] was agreed with the following objectives:

	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:

1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 

4: RAT/Interface selection for operation [RAN2, RAN3]:
In coordination with SA2, study if additional mechanisms are required for decision on whether LTE PC5, NR PC5, LTE Uu or NR Uu shall be used for operation.
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

6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 

Sidelink frequency: Sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands are considered in the study. The target is to have a common sidelink design for both FR1 and FR2. The closing of the SI and the opening of the WI should not be dependent on the completion level of FR2, although it is targeted to complete SI aspects for both FR1 and FR2.



In RAN1#94, QoS requirements for NR V2X was discussed with the following agreements

Agreements:
From RAN1 perspective, at least the following QoS-related parameters relevant to physical layer studies are considered: 
· Priority 
· latency
· reliability




In the NR V2X objectives, the technical solution of QoS management based on SA2 input is one aspect to study.    This contribution discusses the physical layer design aspects with respect to QoS management.   

V2X QoS Requirements 
The 5G QoS architecture is studied in SA2 with stage-2 5G system architecture specification in [2].  The new QoS model defined in the 3GPP 5G system architecture shown in Figure 1 enables differentiated data services to support diverse application requirements while using radio resources efficiently.   The QoS flow is mapped to the physical layer resource in the access network and transports to the receiving end-point.  
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[bookmark: _Ref520921461]Figure 1:  5G QoS model

The QoS characteristics of edge-to-edge data transmission are in terms of the following terms [2]
· Resource Type (GBR, delay critical GBR or Non-GBR)
· Priority level;
· Packet Delay Budget;
· Packet Error Rate;
· Averaging window;
· Maximum Data Burst Volume (for 5QIs with 5G Access Network PDB <=20ms).
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.   The 5G QoS characteristics are based on edge-to-edge 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 PC5 links in order to satisfy edge-to-edge performance requirements.  
	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].


[bookmark: _Ref520920438]Table 1: 5QI profile as the 5G QoS profile
3GPP support of V2X services had been studied in SA1 [3] with some requirements for each use case.   The NR QoS characteristic for V2X physical layer should follow the QoS characteristic specified by SA2.   The examples of V2X physical layer QoS characteristics for 4 V2X use case groups defined by SA1, such as platoon operation, advanced driving, extended sensor, and remote driving, are shown in Figure 2.  The V2X physical layer QoS characteristic are adapted to the service provided by the physical layer in both Uu and PC5 links as follows,
· Service types – unicast, group cast, and broadcast,
· Priority level – the priority level would be included in the SR and controlled by the scheduler 
· Latency in Uu and PC5 links – includes HARQ operational delay
· Block error rate (BLER)  -  number of transport blocks received in error/ total number of transport  blocks
· Measurement Data rate – the allocated resource for V2X within a slot
Proposal 1:  The NR QoS characteristics for V2X physical layer include the traffic types, priority level, latency, BLER and Data Rate

	Use case group
	Descriptions
	V2X Physical Layer QoS Characteristics

	Platoon
operation
	Enables the vehicles to dynamically form a platoon travelling together.
	· Broadcast, groupcast and unicast;
· 50-1200 bytes, 40 ~ 100Hz, 10 ~ 25ms, 90% ~ , [99.99%], less than 100m;
· [6500]bytes, [50]Hz, [20]ms, high reliability, [10] sec * max relative speed ;
· [65]Mbps, [50]Hz, [20]ms, high reliability, [5] sec * max relative speed ;

	Advanced driving
	Enables Conditional/Full automated driving, vehicles share their own perception data with other vehicles in proximity, to synchronize and coordinate their driving trajectories.
	· Broadcast;
· [6500]bytes, [10]Hz, [100]ms, high reliability, [10] sec * max relative speed;
· [53]Mbps, [10]Hz, [100]ms, high reliability, [5] sec * max relative speed;
· [10]Mbps and message size range up to [2]M bytes, [100]Hz, [10]ms,[99.99%];
· [30]Mbps, [3]ms, [99.999%], [500]m;
· DL broadcast: [0.5]Mbps, UL unicast:[50]Mbps, [50]Hz, [20]ms

	Extended sensor
	Enables exchange of raw or processed sensor data to build collective situational awareness.
	· Broadcast;
· [1600]bytes, [10]Hz, [100]ms, [99%], [1000]m;
· [10] ~ [25]Mbps, [20] ~ [100]Hz, [10]~ [50]ms, [90%], [100]m;
· [700]Mbps, [100]Hz, [10]ms, [99.99%], [500]m
· [x]-[1]Gbps, [3]-[50]ms, [99%-99.999%], [50]-[1000]m

	Remote driving
	Enables a remote driver or a V2X application to operate a remote vehicle.
	· Unicast;
· DL :1Mbps, UL: 20Mbps, 5ms, 99.999%;
· DL :[1]Mbps, UL: [25]Mbps, [20]ms, [99.999%];



[bookmark: _Ref521019757]Figure 2: V2X use cases and Physical Layer QoS Characteristics

NR V2X QoS Management
The QoS Management in 5G QoS model includes the mapping rule of application data, the mapping of QoS flow to the physical layer resource, the control of the QoS flow to transport to the receiving end-point.  For NR V2X, the QoS management is to map the V2X application to the specific V2X QoS data stream, to allocate the radio resource for V2X data transmission, and to control and schedule the data transmission to satisfy the QoS requirements.
The NR V2X physical layer QoS characteristics include the service type and the performance requirements of the data rate, the latency, and the reliability.  Each V2X use case could have more than on level of QoS characteristics.  The NR V2X would cover not only the basic V2X features with less stringent QoS requirements but also the advanced V2X features with full QoS requirements.   The NR V2X QoS management would perform the following functions,
· Map the V2X application to one of QoS flow with one 5QI index.
· The QoS flow would be mapped to the priority Queue at the transmitter.  The priority queue is associated with the 5QI index
· The data flow would be scheduled to transmit to the receiver based on the data rate, reliability and latency requirements of the data.    
Some V2X applications would have moderate QoS requirements, such as V2X message with 5GI index value 79.   The BLER and the latency of the V2X message is 10-2  and 50 ms respectively.    The applications with moderate QoS requirements are mostly for the V2X extended sensor applications.    These types of applications are similar to NR eMBB service.   Most of other V2X applications have high QoS requirements with high reliability at 10-5 and latency 10-20 ms.   These types of V2X applications would be close to URLLC services.  
The critical part of the NR V2X QoS management is the resource allocation and scheduled transmission for high reliability, low latency, and high data services.     NR V2X QoS management in Uu interface would be managed by the gNB scheduler.   For high reliability, low latency, and high data rate V2X service in Uu interface could be scheduled similar to URLLC, which is completed in Rel-15 with the study of URLLC enhancement in Rel-16.  For PC5 interface, the NR V2X QoS management would be handled by UEs.  The distributed resource allocation and scheduling strategy used in LTE PC5 would be challenged to support high reliability, low latency and high data rate V2X services.  LTE resource allocation and distributed scheduling strategy needs to be enhanced for NR V2X QoS management in PC5 in order to support high reliability, low latency, and high data rate V2X services.   
Proposal 2:  LTE resource allocation and distributed scheduling strategy needs to be enhanced for NR V2X QoS management in PC5 in order to support high reliability, low latency, and high data rate V2X services.   

Conclusion: 
In this contribution, we discuss the system analysis on NR V2X QoS management with the following proposals,
Proposal 1:  The NR QoS characteristics for V2X physical layer include the traffic types, priority level, latency, BLER and Data Rate
Proposal 2:  LTE resource allocation and distributed scheduling strategy needs to be enhanced for NR V2X QoS management in PC5 in order to support high reliability, low latency, and high data rate V2X services.   
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