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1 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.
2 Discussion
2.1 QOS model for NR V2X communication 
NR PC5 communication is among UEs and may not go through any network nodes. Thus, the QoS design for NR Uu interface cannot be applied directly to sidelink communication Regarding how to enforce QoS for sidelink communication, there are generally two different kinds of model
· Per-packet QoS model. In this model, the QoS parameter(s) are associated with each packet. In this case, QoS enforcement is done by the packet transmitter per packet. A typical example of this model is the QoS design based on PPPP for LTE-based V2X in 3GPP Rel-14.

· Per-bearer QoS model. In this mode, the QoS requirements are enforced by first establishing an end-to-end bearer (including radio bearer) based on the QoS parameters. Once the bearer is established, both sender and receiver(s) commit to guarantee the QoS with certain AS layer mechanisms and upper layer methods. Because both sender and receivers know the characteristic of the bearer, there is usually no need to transmit QoS parameters over the air. Instead, a bearer ID (e.g., logical channel ID) can be used to represent the QoS property. Once the QoS requirement changes, the peer UEs will check if a new bearer needs to be established.
For broadcast in V2X sidelink communication, the bearer-based QoS model cannot be used because, in principle, it is infeasible to introduce a bearer setup procedure between the sender of the broadcast and all potential receivers, especially in a very dynamic and mobile environment. For multicast, it is possible to use some group management procedure to enable the negotiation among the multicast sender and receiver(s). However, since group management protocols are out of scope of 3GPP, we think it would better to also use a per-packet QoS model for multicast.
Proposal 1
Use per-packet QoS model for broadcast and groupcast for NR V2X. 

For unicast V2X sidelink communication, a RRC procedure to setup the peer-to-peer link is desirable. During this setup process, the QoS parameters associated with the V2X service can be exchanged and the UEs can bind them to an established sidelink radio bearer (SLRB). Therefore, bearer-based QoS model for unicast communication make sense. In addition, in the solutions introduced in SA2 TR 23.786 [2] for PC5 QoS, QoS flow is to be established during the direct link setup procedure. as shown below.
	6.19.2.1.2
QoS parameters negotiation between UEs

The PC5 QoS parameters are negotiated at the establishment of one-to-one communication procedure, so the one-to-one communication establishment procedure defined in TS 23.303 [8] is enhanced to support PC5 QoS parameters negotiation between two UEs. After the PC5 QoS parameters negotiation procedure, the same QoS is used in both directions.
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Figure 6.19.2.1.2-1: Establishment of secure layer-2 link over PC5
UEs engaged in one to one communication negotiate PC5 QoS parameters during the link establishment procedure.
1.
UE-1 sends a Direct Communication Request message to UE-2 in order to trigger mutual authentication. This message includes the requested PC5 QoS parameters.
2.
UE-2 initiates the procedure for mutual authentication. The UE-2 includes the accepted PC5 QoS parameters in the Response message.

· NOTE:
This procedure is aligned with Solution #11 (clause 6.11).
6.19.2.1.3
QoS handling for eV2X communication

When PC5 unicast is used for the transmission of eV2X messages, the following principles are applied for both network scheduled operation mode and UE autonomous resources selection mode:

-
PC5 QoS parameters defined in clause 6.19.1.2 applies to the eV2X communication over PC5.
-
The eV2X message is sent on the PC5 QoS flow established using the procedure described in clause 6.19.2.1.2.

-
The mapping of application layer eV2X message to PC5 QoS parameters is based on the PC5 QoS rule.

When the network scheduled operation mode is used, following additional principles apply:
-
UE provides PC5 QoS parameter information to the gNB for resources request.
-
When the gNB receives a request for PC5 resource from a UE, the gNB can authorize the requested PC5 QoS parameter based on the PC5 QoS parameters received from AMF.

-
gNB can use the PC5 QoS parameter information for PC5 QoS handling.
When the autonomous resources selection mode is used, following additional principle applies:
-
The UE can use the PC5 QoS parameter for PC5 QoS handling based on the provisioned information described in clause 6.19.2.1.1.




Given the above consideration and conforming to the upper layer solution, we think it is clear that bearer-based QoS model is more appropriate for NR V2X unicast.

Proposal 2
Use per-bearer QoS model for NR V2X unicast.

2.2 Issues regarding QoS parameters
In Rel-14, some PC5-specific QoS parameters are introduced, such as PPPP and PPPR. In NR V2X, Regarding the QoS parameters to be use, SA2 currently studied to use a set of QoS requirements, some of which can be incorporated as part of 5QI. Some can be stand-alone parameters (such as communication range). 

In RAN1#94, following agreements were reached [1]:

	Agreements:

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

· Priority 

· latency

· reliability


The QoS parameters discussed in RAN1 are part of 5QI. However, to consider end to QoS mechanism SA2’s approach of 5QI along with range parameter should be considered as starting point.
Proposal 3
Study 5QI and range based QoS profile model for NR V2X.
Regarding the data rate requirements, we think this could be an additional QoS metric to be enforced in NR V2X communication. Naturally, data rate (e.g., like MFBR/GFBR used in NR Uu) can be part of QoS profile associated with a flow and negotiated during QoS flow establishment. For per-packet based QoS model, it is not clear how this data rate requirement can be enforced, especially for mode 2 operation. 
Proposal 4
Add data rate as additional QoS parameter for PC5 interface and use it for per-flow based QoS mechanism.
For per-packet QoS approach, it is also worth considering which layer provides the QoS parameter. In the LTE-based V2X, the QoS parameters PPPP and PPPR are provided by application layer. For NR V2X, the application layer could supply the QoS parameter, as similar to LTE case. On the other hand, it is also possible that the QoS parameter are semi-statically configured in V2X layer with a V2X service identified by a service identifier. (e.g., PSID). Given that there exists is a PSID to Layer 2 ID mapping, this configuration also allows the lower layers UE to apply QoS mechanism based on Layer 2 identifier. 
If the application layer provides the QoS parameter, there are more dynamic factors and uncertainty about the QoS characteristics of a certain application-layer traffic flow because application behaviour is out of scope of 3GPP. Alternatively, if the V2X layer semi-statically configures QoS parameters with a PSID. In AS layer, sender and receiver will know the QoS requirements of a certain Destination Layer 2 ID. Then both sender-based and receiver-based QoS mechanism can be employed. There is also an impact for mode 3 design. If the Destination Layer 2 ID itself maps to the QoS requirements, then probably there is no need to use both Destination Index and LCGID to categorize the sidelink traffic data. 
So far, it is still hard to gauge the application design for V2X services. Both approaches are possible, so that the AS layer design shall work based on the assumption that either V2X layer configuration or application layer configuration is possible. Thus, the baseline design shall be based on a dumb receiver design, where we assume no prior knowledge of QoS in the RX side. Optional RX-side schemes can be specified as optional optimizations if it happens that V2X layer statically configured QoS parameter with a Destination layer 2 ID.
Proposal 5
For NR broadcast and groupcast, AS layer QoS mechanisms based on sender-side QoS mechanisms. 

Proposal 6
For NR broadcast and groupcast, treat QoS mechanisms requiring receiver knowing QoS parameters a prior as optional optimization. 

2.3 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 7
Broadcast, multicast and unicast share mode 2 resource pool.

When traffics 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. We think, 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. 
Proposal 8
Mode 2 QoS mechanisms use differential access to radio resources to allow slot-based channel contention mechanism as the baseline.
2.3.1 Issues regarding QoS parameters

In RAN1#94Bis, following agreements were reached:

	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


With respect to QoS parameters and how to handle them in various aspects of PC5 operation are given below:
a) Priority level handling:

From LTE-V2X time we had PPPP which was used in different ways to provide preferential treatment to the higher priority packets. Within a UE higher priority packets are prioritised for transmission compared to lower priority packets. SCI-1 of LTE-V2X carries the PPPP information along with the resource reservation information in case of sensing based resource allocation mechanism. In case no resource is available another UE can occupy this reserved resource based on it’s PPPP and the RSRP values. Priority Level field of PC5 QI (PQI) can be used in similar manner in case of Rel-16 NR-V2X for resource reservation. 

Proposal 9: “Priority Level” is transmitted in PSCCH so that all UEs are aware of the reserved resources along with associated priorities.

Proposal 10: Based on RSRP level, Priority Level of the reserved resource and Priority Level of own packet a UE can decide to occupy reserved resource if no other free resource is available.

b) Packet Delay Budget (PDB)

Similar to LTE-V2X, PDB can be used to select all resources for transmission within the PDB window to allow the UE to achieve desired end to end latency.

Proposal 11: Transmitter UE select transmission and retransmission resources within provided Packet Delay Budget.

c) Packet Error Rate and Minimum Communication range

Packet Error Rate can be closely related to desired reliability level for a packet. Since desired reliability level has to be associated with a desired minimum communication range as it is not possible to achieve high reliability level at arbitrarily large distances. Packet Error Rate and Minimum communication range plays a important role in deciding number of blind retransmissions in case of broadcast and maximum number of retransmission plus feedback decision in case of groupcast.

Proposal 12: Packet Error Rate and Minimum Communication Range parameters are used by transmitter to decide required number of blind retransmissions in case of broadcast and maximum number of retransmissions and need for transmission of HARQ feedback in case of groupcast.
d) Maximum Data Burst Volume

Maximum Data Burst Volume relates to how much data transmission a UE can perform within a certain time window. This parameter can internally be used by UE to select MCS level, amount of resources required for transmission and retransmissions.

Proposal 13: Maximum Data Burst Volume is used by transmitter UE to decide MCS level and amount of resources required for transmission and retransmissions of packet.

3 Conclusion
Based on the discussion in section 2 we have following proposals:
Proposal 1
Use per-packet QoS model for broadcast and groupcast for NR V2X. 

Proposal 2
Use per-bearer QoS model for NR V2X unicast.

Proposal 3
Study 5QI and range based QoS profile model for NR V2X.
Proposal 4
Add data rate as additional QoS parameter for PC5 interface and use it for per-flow based QoS mechanism.
Proposal 5
For NR broadcast and groupcast, AS layer QoS mechanisms based on sender-side QoS mechanisms. 

Proposal 6
For NR broadcast and multicast, treat QoS mechanisms requiring receiver knowing QoS parameters a prior as optional optimization. 

Proposal 7
Broadcast, multicast and unicast share mode 2 resource pool.

Proposal 8
Mode 2 QoS mechanisms use differential access to radio resources to allow slot-based channel contention mechanism as the baseline.
Proposal 9: “Priority Level” is transmitted in PSCCH so that all UEs are aware of the reserved resources along with associated priorities.

Proposal 10: Based on RSRP level, Priority Level of the reserved resource and Priority Level of own packet a UE can decide to occupy reserved resource if no other free resource is available.
Proposal 11: Transmitter UE select transmission and retransmission resources within provided Packet Delay Budget.

Proposal 12: Packet Error Rate and Minimum Communication Range parameters are used by transmitter to decide required number of blind retransmissions in case of broadcast and maximum number of retransmissions and need for transmission of HARQ feedback in case of groupcast.
Proposal 13: Maximum Data Burst Volume is used by transmitter UE to decide MCS level and amount of resources required for transmission and retransmissions of packet.
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