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[bookmark: _Ref488331639]Introduction
NR V2X study includes broadcast, multicast and unicast V2X communications. In this contribution, we discuss the QoS design issues for all those communication types used in NR V2X sidelink communication.
[bookmark: _Ref178064866]Discussion
0. Issues regarding QoS parameters
In RAN1#94Bis, following agreements were reached [1]:
	Agreements:
RAN1 studies further how to use 
· priority, 
· latency,
· reliability,
· minimum required communication range (as defined by higher layers) if agreed to use
in the physical layer aspects of at least 
· resource allocation and 
· congestion control and 
· resolution of in-device coexistence issues and 
· power control



In SA2 meeting #129, SA2 made following decision with respect to group communication: 
	[bookmark: _Toc523243495]6.x	Solution #x: Group communication enhancement for NR PC5 
[bookmark: _Toc523243496]6.x.1	Functional Description
[bookmark: _Toc523243497]6.x.1.1	General description
This solution addresses key issue#1 (clause 5.1) Support of eV2X Group Communicaiton, key issue#4 (clause 5.4) Support of PC5 QoS framework enhancement for eV2X. 
This solution addressed the support of the groupcast operation introduced in NR PC5 at AS layer. The solution follow the general principles established in Solution #1 (clause 6.1) that the group management is peformed by Application Layer; and uses the QoS Model introduced in Solution#19 (clause 6.19). 

6.x.1.2	Solution description
This solution follows the below principles when NR PC5 is the selected RAT:
-	V2X Layer informs the Access Stratum (AS) Layer of the Destination L2 ID and Source L2 ID for the group communication transmission, based on group identifier provided by Application Layer;
-	V2X Layer informs the Access Stratum Layer of the communication type, and QoS parameters (including 5QI and Range) for the group communication traffic;
-	V2X Layer informs the Access Stratum Layer of the Destination L2 ID for the group communication reception;
-	When V2X Layer receives no group information from Application Layer, it should use then use the configured mapping, e.g. derive destination L2 ID and QoS parameters (e.g. 5QI and Range) based on PSID/ITS-AID mapping, and use that for the operation;
-	V2X Layer coverts the Group Identifier provided by Application Layer into the Destination L2 ID, using a mechanism defined by stage 3.           
NOTE 1: Different Destination L2 IDs may be used for different QoS levels. 
NOTE 2: Stage 3 needs to standardized the mechanism to be used by both transmitting and receiving UE, e.g. a specific hash function. 
Editor's note: SA3 should be involved to evaluate if there is a need to protect the group communication at link layer, and if additional signaling is required. 
[bookmark: _Toc523243500]6.x.2	Procedures
With referenc to Figure 6.x.2-1, the operations of the Transmitting UE (Tx UE) and Receiving UE (Rx UE) are presented. 


Figure 6.x.2-1. End to end group communication operation
As concluded in Solution #1 (clause 6.1), the group management is carried out in Application Layer, and therefore, the Group Identifier is determined by Application Layer and passed down to the V2X layer. 
For the Tx UE side, the V2X Layer converts the Group Identifier into the form of a Destination L2 ID. The Destination L2 ID is passed down from the V2X Layer to the AS layer. Similarly, the Source L2 ID is provided by the V2X Layer to the AS layer.   
In addition, from the Application Layer, QoS level associated with the group communication, identified by the Group Identifier, is indicated to the V2X Layer via the control interface. The QoS parameters include the characteristics represented by 5QI (as explained in Solution #19), and the Range parameter. 
When the Application Layer pass down the data packet that is associated with the Gorup Identifer, the V2X Layer tag the packet with the configured QoS settings (5QI and Range) and pass those down to AS Layer. The V2X Layer also indicates to the AS Layer that it is for group communication, in order to differentiate it from broadcast traffic.
At the Rx UE side, the V2X Layer also passes the Destination L2 ID converted from the Group Identifier to the AS Layer, such that it would be able to manage the receiving operation, e.g. performing HARQ.   
NOTE: The mechanism to convert the Group Identifier to L2 ID is defined by stage 3.
For the data traffic from the Application Layer without the Group Identifier associated, V2X Layer treats them with legacy operation, i.e. using PSID/ITS-AID mapping to determine destination L2 ID and QoS parameters (e.g 5QI and Range).   




As per the SA2 study, along with 5QI, communication range is also an important aspect of NR-V2X communications.
We believe, this aspect of communication range is related to the fact that for any advance use case e.g. automated driving, sensor sharing, platooning, it is required for UEs within certain range from the transmitter to be able to receive the messages with much higher reliability level. Beyond that range higher reliability levels are not critical as UEs are far away from each other. Communication range based groupcast is also known as session less groupcast.
Observation 1: For all advanced use cases, UEs in a certain range of a transmitting UEs are required to receive messages more reliably than UEs which are far away from the transmitter as shown in Figure 1.
Observation 2: Minimum communication range based groupcast also known as session less groupcast can get benefitted from HARQ feedback to achieve higher reliability.


Figure 1: High Reliability message communication Range
2.1.1 HARQ Feedback for Groupcast/Multicast
In case of Groupcast/Multicast there are more than one recipient of the message, so if every receiver UE sends HARQ feedback in terms of ACK, then there will be lot of ACK transmissions, also it will not be possible for the transmitter to identify which UE didn’t receive the transmission. To overcome this issue, in case of Groupcast/Multicast NACK based approach can be utilised. The transmitter retransmit the message if there is a NACK from at least one UE which couldn’t decode the data successfully. As can be seen from Figure 1 that receivers within certain range of the transmitters need to receive the message more reliably; hence only those UEs which are in certain range of the transmitter should send the HARQ feedback in terms of NACK. This approach reduces potential UEs which will be sending the NACK and in turn improve the overall system efficiency and reliability of message reception by UEs in the certain communication range.
Proposal 1: minimum required communication range (as defined by higher layers) is agreed to be used in case HARQ feedback for session less groupcast communication.
Proposal 2: Study NACK based HARQ feedback for Groupcast/Multicast transmission.
Proposal 3: Study how to allow only those UEs to send HARQ feedback in terms of NACK which are in certain required communication range from a transmitter.
One way to achieve the distance based NACK feedback is to provide the receiver UE the information about transmitter UE location and the reliable communication range. This information can be part of sidelink control information (SCI) transmitted by the transmitter. However, since location information can be quite large it is not good to transmit location information in raw format in the SCI. For the purpose of compression of location information, we can utilise the Zone ID concept of Rel-14 LTE-V2X. So instead of transmitting raw location information, transmitter UE transmits few LSBs of Zone ID. Based on this information, the information of range present in the SCI, and receiver UE’s own Zone ID, receiver UE can determine to transmit NACK feedback or not if it was not able to successfully decode the transmission. 
Proposal 4: Study the Rel-14 LTE-V2X Zone ID concept to put UE location information in the SCI to assist distance based NACK feedback.

0. QoS enforcement in resource allocation
Once the QoS parameters are known to the AS layer, the AS layer need methods to ensure the QoS requirements represented by QoS parameter(s), such as the priority, reliability, latency, data rate, or range. As resource allocation is instrument to those performance metrics, it is important to understand how to use resource allocation mechanisms to handle QoS. 
In RAN1#94, RAN1 identified two modes of operation for resource allocation:
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication




Here, we only discuss about UE mode 2 case.
For mode 2, resources are selected by V2X UE from a common shared resource pool. Although using separate pools for unicast, broadcast and multicast may allow certain resource pool design optimizations for each kind of traffic, it could lead to significant waste of radio resource, especially when the resource pools are pre-configured. Thus, it is not a good idea from system design perspective. Therefore, the resource pool shall allow to be used by any kind of traffic.
Proposal 5	Broadcast, multicast and unicast share mode 2 resource pool.
2.2.1	QoS handling in case of resource allocation
When different communication types share the same resource pool, interference-free access is very hard to achieve with a distributed scheduling algorithm. Thus, it is important to get differential treatment for traffic with varying QoS metrics. Regardless of the traffic type, QoS requirements can all be synthesised into an “access priority”, which will translate to the UE behaviour to access a certain resource earlier or later. If the resource has already been claimed by high-priority users with an earlier access, then the UE shall yield and look for another radio resource. 
Sensing based approach allows UE to book a sequence of resources, but that assumes of periodic traffic pattern. Since NR V2X supports random, aperiodic traffic in NR V2X, we cannot use Rel-14 sensing mechanism as the baseline. To achieve lower latency for aperiodic traffic a short sensing-based mechanism to allow slot level channel access required. The slot level channel access providing different treatment to different QoS traffic can be achieved by following mechanism as mentioned in the section 2.4.2.1.1 below. 
2.2.1.1 Window based channel access
Upon packet arrival all packets wait for certain number of slots or certain number of frequency candidate resources (Channel Access Window). Slots or frequency candidate resources are represented in the form of window as shown below in figure 2:

Figure 2: Window based channel access
· Different priority packets have different size of the window as provided by configuration. 
· UE generates random Channel Access Counter (CAC) for each packet between 0 to the corresponding window size After generating the CAC, UE counts down the CAC after each available slot or time frequency candidate resources. 
· If a certain slot or candidate resource in a slot is not available UE freezes the count down and starts countdown only when the slot or candidate resources are available. 
· Once the CAC becomes zero, UE performs channel access 

Proposal 6	Mode 2 QoS mechanisms provides different treatment to different QoS traffic based on window based slot level channel access. 
2.2.2 Congestion Control
Similar to Rel-14 LTE-V2X, Channel Busy Ratio (CBR) and Channel Occupancy Ratio (CR) based approach can be applied to NR-V2X as well. Channel access mechanism including the channel access window size as discussed in section 2.4.1 can be based on CBR level so that different priority/QoS packets can still get different treatment in case of congestion.
Proposal 7	CBR and CR based approach is used for congestion control. Channel access window size and other transmitter parameters are configured for different QoS/priority level for different CBR levels.

Conclusion
Based on the discussion in section 2 we have following proposals:
Proposal 1: minimum required communication range (as defined by higher layers) is agreed to be used in case HARQ feedback for session less groupcast communication.
Proposal 2: Study NACK based HARQ feedback for Groupcast/Multicast transmission.
Proposal 3: Study how to allow only those UEs to send HARQ feedback in terms of NACK which are in certain required communication range from a transmitter.
Proposal 4: Study the Rel-14 LTE-V2X Zone ID concept to put UE location information in the SCI to assist distance based NACK feedback.
Proposal 5:	Broadcast, multicast and unicast share mode 2 resource pool.
[bookmark: _GoBack]Proposal 6:	Mode 2 QoS mechanisms provides different treatment to different QoS traffic based on window-based slot level channel access. 
Proposal 7:	CBR and CR based approach is used for congestion control. Channel access window size and other transmitter parameters are configured for different QoS/priority level for different CBR levels.
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