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1 Introduction

In RAN1#94bis, the following agreement was made:

	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


Our RAN2 paper [1] explains the motivation to evaluate and enhance QoS framework to support V2X services. That paper explains that the current 5GS QoS framework for Uu interface is capable of supporting V2X services and suggests that NR Sidelink (SL) uses a similar QoS framework as in Uu interface. This paper further discusses how NR SL Access Stratum (AS) should handle different QoS requirements and realize QoS management. In this paper, we discuss the QoS parameters and their use from RAN1 point of view.

2 Discussion
2.1 Communication range as QoS parameter
To support 5G V2X services, 28 use cases and their performance requirements are studied in TR 22.886. TS 22.186 further defines five categories of requirements and five level of automations to better group various V2X service requirements, which are characterized by: 

· Payload (Bytes);

· Transmission rate (Message/Sec);

· Maximum end-to-end latency (ms);

· Reliability (%);

· Data rate (Mbps);

· Minimum required communication range (meters). 

A V2X service is usually associated with a minimum communication range requirement. However, whether the communication range requirement should be considered as one QoS parameter is still controversial. According to the latest available version of TR 23.786, there is no agreement on the topic: 

	6.2 Solution #15: Network-controlled QoS mechanism for PC5 communication 
Editor's note:
It is FFS what other parameters are needed to support QoS control to PC5, e.g. for satisfying "Transmission rate", and "Minimum required communication range" requirements in CoR and LoA, why these new parameters are needed, and how UE uses these new parameters for PC5 communication.

6.19 Solution #19: QoS support for eV2X communication over PC5 interface

All the QoS characteristics defined in 5QI and the additional parameter of data rate could apply. In addition, the Minimum required communication range could be treated as an additional parameter specifically for PC5 use. 


From AS layer’s perspective, AS layer should be configured in a way to reflect certain QoS requirements. In this sense, we do not see the need to introduce communication range requirement as a new QoS parameter. First, it cannot be measured/monitored by lower layers, which means there is no way for lower layers to evaluate whether the required communication range is fulfilled. Secondly, for SL broadcast, lower layers are configured in a best effort fashion. Thus, the impact of broadcast communication range for lower layers is unclear and can be represented by other QoS parameters, e.g. reliability. Thirdly, for SL unicast and groupcast, it is the channel condition that matters, which is monitored by channel measurement, rather than the distance between the transmitter and the receiver. 
Observation 1 It is not clear how AS layers can utilize the communication range as a QoS parameter. 
Proposal 1 It is not necessary to introduce new QoS parameter to reflect communication range requirement.
2.2 Physical layer measurements for QoS management
In LTE SL V2X, there is no explicit admission control mechanism on the traffic flow associated to a given V2X service. This implies that even when the channel load is high, any V2X service, even with low priority, can be admitted into the system and be processed at AS layer. As such, the MAC entity needs to find available SL resources to accommodate packets of this service, even when the channel congestion would not allow to reach satisfactory QoS performances. As a consequence, if channel congestion is high and the UE keeps injecting packets in the system, it will further congest the channel, thereby affecting the performances of other UEs as well. Therefore, a more concrete admission control is needed for NR SL. Such that one V2X service is only activated when the required QoS is estimated to be fulfilled.
Observation 2 For NR SL, admission control is useful to have a solid QoS management, such that a V2X service is only activated when the required QoS is estimated to be fulfilled.

From RAN1’s perspective, relevant physical layer measurements can be provided to improve the QoS management, e.g. channel busy ratio (CBR) measurement. CBR can help to estimate whether there are enough free resources to support required QoS. Besides, in another example, V2X services with different priorities can be mapped to different CBR thresholds, such that one service can only be activated if CBR is less than a threshold value.
In Mode-2, the CBR measurement is reported to higher layers, e.g. layer 2, for QoS management. In Mode-1, the CBR measurement shall be reported to gNB as well, since the admission control and resource allocation are performed by gNB in this case.      
Proposal 2 Physical layer supports at least CBR measurement to assist QoS management in upper layers. Other relevant measurements FFS.
Proposal 3 In mode 1, report of CBR measurements to gNB is supported.

2.3 SL packets pre-emption (Resource allocation aspects)
In NR Uu interface, ARP is used for QoS flow admission control, while Priority Level (PL) is indicated by 5QI and is used for making scheduling decisions, e.g. the scheduler may schedule packets with higher priority (meaning a lower Priority Level) first. Similarly, after a NR SL flow/bearer is established, PL indicated by 5QI can help to schedule SL packets according to priority differences. Packet pre-emption in SL should be designed in a way to take QoS parameters into consideration. For instance, pre-emption occurs only if required QoS from some UE cannot be fulfilled in terms of latency, reliability, and data rate etc. Besides, only packets with lower priority can be pre-empted for packets with higher priority. 
Proposal 4 SL pre-emption should take associated QoS parameters into consideration, such as reliability, latency, data rate, and priority etc.

When in Mode-1, any SL transmission is scheduled by gNB, which may schedule higher priority transmissions first. In some cases, gNB may pre-empt lower priority transmissions and dedicate the resources freed for newly arrived packets with higher priority. Thus, it is necessary to have mechanisms that allow the gNB to monitor resource utilization. Other pre-emption details are up to gNB implementation.
Proposal 5 RAN1 introduces mechanisms to allow the gNB to monitor the resource utilization of SL UEs and mechanisms to allow the gNB to pre-empt transmissions of SL UEs.

When in Mode-2, scheduling and pre-emption are done in a distributed way without network signaling. Following the same principle as described above, higher priority transmissions shall be scheduled first, and low priority transmissions can be pre-empted when resources are not enough. On the other hand, detailed pre-emption rules and mechanisms need to be further studied to enable effective packet pre-emption in autonomous mode. For instance, a pre-emption signaling is needed to allow inter-UE packets pre-emption, e.g. one UE explicitly informs another UE about the pre-emption intention and the corresponding resources. In LTE SL, high priority transmissions can use the same resources as on-going low priority transmissions, which may cause severe interference. One way to resolve this issue in NR SL is that one UE is only allowed to pre-empt booked transmissions of other UEs while cannot interfere transmissions which are already scheduled. 

Proposal 6 RAN1 introduces mechanisms to enable effective pre-emption in autonomous mode. 
We discuss the RA procedures associated with pre-emption in [2]. 
2.4 In-device coexistence

In some situations, the UE may be forced to prioritize transmission of one packet over another packet (e.g., due to limited resources, etc.). Whenever such an in-device conflict arises, the UE should first consider the possibility of delaying one of the transmissions. If this is not possible or it cannot solve the conflict, then it treats the packets in descending order of priority (e.g., dropping packets with lower priority or using a smaller amount of power).

For conflicts between packets transmitted over different RATs (e.g. LTE and NR), the situation is not straightforward as the notions of QoS or priority may be different. This issue may be revisited once the NR SL QoS framework is in place and its connection to the LTE QoS framework is clear.

Proposal 7 In case of in-device conflicts, the UE re-schedules transmissions if possible. Otherwise it treats the packets in descending order of priority, leaving up to UE implementation potential ties. FFS inter-RAT coexistence issues.

3 Conclusions

In section 2 we made the following observations: 

Observation 1
It is not clear how AS layers can utilize the communication range as a QoS parameter.
Observation 2
For NR SL, admission control is useful to have a solid QoS management, such that a V2X service is only activated when the required QoS is estimated to be fulfilled.

Based on the discussion in section 2 we propose the following: 

Proposal 1
It is not necessary to introduce new QoS parameter to reflect communication range requirement.
Proposal 2
Physical layer supports at least CBR measurement to assist QoS management in upper layers. Other relevant measurements FFS.
Proposal 3
In mode 1, report of CBR measurements to gNB is supported.
Proposal 4
SL pre-emption should take associated QoS parameters into consideration, such as reliability, latency, data rate, and priority etc.
Proposal 5
RAN1 introduces mechanisms to allow the gNB to monitor the resource utilization of SL UEs and mechanisms to allow the gNB to pre-empt transmissions of SL UEs.
Proposal 6
RAN1 introduces mechanisms to enable effective pre-emption in autonomous mode.
Proposal 7
In case of in-device conflicts, the UE re-schedules transmissions if possible. Otherwise it treats the packets in descending order of priority, leaving up to UE implementation potential ties. FFS inter-RAT coexistence issues.
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