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1 Introduction

In the last RAN1 meeting, V2X study item officially started. One of the SI targets is to study technical solutions for QoS management of the radio intereface on both Uu and sidelink. During the online and offline sessions, QoS-related parameters was discussed and the following were agreed:
Agreements:

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

· Priority 

· latency

· reliability

Furthermore, RAN1 agreed on two sidelink resource allocation modes:
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

This contribution discusses additional QoS related parameters to be considered for NR V2X study as well as QoS related measurements and reporting from sidelink UEs to assist the network/transmitting UE maintaining the QoS requirements for mode 1 and mode 2.
2 Discussion
2.1  QoS Parameters to Consider
Compared to LTE V2X, the expected NR V2X requirements are more stringent and may require additional handling by the AS layer for QoS management.  At SA2 #128 meeting, a unified QoS model for Uu and PC5 based on the framework of 5QI was discussed for NR V2X and captured in the TR 23.786 [2]. In the 5QI model, data with different QoS characteristics of priority, delay, error rate, and maximum data burst volume (MDBV) are mapped one-to-one to an identifier (the 5QI). The AS performs flow handling based on the 5QI and associated profile. In V2X, the 5QI is renamed VQI and accounts for the QoS parameters related to V2X.  For V2X over Uu or PC5, VQI represents reliability, latency, priority, and data rate.  In addition, for PC5 only, minimum communication range will also be supported.

During the RAN1#94 meeting, from physical layer perspective, it was agreed to consider priority, latency and reliability during the study phase. Minimum communication range as well as target geographical area were discussed during online and offline sessions and captured in [5]. Communication range is defined in [6] as the range between UEs and/or between UEs and eNBs such that ProSe Communication is possible. Furthermore, communication range and reliability requirements are two different QoS requirement and can change independently. In fact, there are some scenarios where the required communication range is different for the same reliability requirement. For example, NR V2X requires 99.99% reliability and 80 meters communication range for fully automated driving scenario of platooning use case. Whereas for the fully automated scenario of extended sensors case, NR V2X requires 99.99% reliability and 500 meters communication range. Thus, RAN1 should study methods to meet different communication range with a given QoS requirement e.g. reliability target. For example, power control parameters could depend on the communication range. In addition, MCS selection and/or number of repetitions/retransmissions could also depend on the communication range. 
Proposal 1:
RAN1 study methods to achieve different minimum communication range depending on the QoS characteristics of the data to be transmitted.
In LTE V2X, support of different data rates was not an issue as there were no explicit requirements for data rate other than packet size. Furthermore, packet sizes for different use cases were relatively the same. Contrary to LTE V2X, NR V2X have explicit requirements for data rate as captured in [3]. For example, NR V2X requires 65Mbps data rate to support automated driving for platooning use case and 700Mbps to support automated driving for extended sensors case. To support services with varying data rate, sidelink resource selection procedure should consider the data rate requirement along with other QoS requirement e.g. priority, latency and reliability. 

One option to support varying data rates could be to segregate the resource into different pools and UE selects the transmission pool based on its data rate requirement for a given link/transmission. The drawback of this option is inefficient resource utilization as a resource pool reserved for a low data rate may not be used frequently. Another option could be to allow UEs with different data requirements to share the same resource pool. In this case, RAN1 should study methods to efficiently multiplex the UEs. To ensure fairness between these UEs, the number of carriers, number of PRBs and the number of symbols that a UE can select resources from may depend on the data rate requirement. Furthermore, how often a UE may select sidelink resource may also depend on the data rate. 

Proposal 2:
RAN1 study methods to efficiently multiplex UEs with different data rate requirements on the same sidelink resource pool(s)
2.2 Resource Selection Based on QoS Parameters

In LTE, PPPP is used to reflect both priority and the delay budget for a transmission.  The application layer is configured with a mapping of PPPP to packet delay budget (PDB), and the UE uses this mapping to select an appropriate value of T2 during the resource selection algorithm.  Given the larger range of requirements for NR V2X, it is possible that a direct relationship between PPPP and PDB does not exist, and instead, resource selection and other functions that depend on latency need to be controlled independently of the priority. As in LTE, management of delay characteristics can be achieved by performing resource selection such that it achieves the maximum delay budget of a packet. 
In LTE, the PPPP is transmitted in the SCI and a mode 4 UE performing sensing will read the SCI and determine the available resources based on the PPPP transmitted by other UEs relative to the PPPP of its own transmission.  In this case, PPPP was used in the context of priority.

In NR, priority may be used in the same fashion to determine when a UE can transmit in a resource (despite planned transmission by another UE).  However, since certain transmissions require high reliability, interference should be avoided in such colliding resources and pre-emption may be more appropriate.  In this case, priority should be used for this decision. Depending on the resource selection algorithm, PDB may also be relevant in this decision.  For instance, the decision to send pre-emption may be based on the delay budget of the transmission as well as its relative priority with the other transmission.  Pre-emption can be performed explicitly (e.g. a high priority UE transmits an explicit pre-emption signal to a low priority UE) or implicitly (e.g. a low priority UE pre-empts itself to free resources for a high priority UE if it determines a high priority pool is congested).

Proposal 3:
NR V2X supports pre-emption based on priority and/or maximum delay budget for a packet. 
For mode 4, since at least the broadcast case will require the shared use of sidelink resources by multiple UEs (as in LTE), a similar prioritization between transmissions as used in LTE is required between UEs.  For this, we think that transmitting the prioritization information in the SCI can be a good baseline.   

Proposal 4:
At least priority related information is transmitted in SCI. 

In LTE, reliability is supported via packet duplication over two carriers.  This is sufficient to support the two levels of reliability required by LTE V2X use cases (i.e. support of 90% and 95% reliability for 100kmph) [4].  NR requirements introduce more granularity in the reliability targets compared to LTE (e.g. 95%, 99%, 99.99%, and 99.999%) [3].  To achieve multiple levels of reliability, carrier duplication may not be sufficient.  Specifically, a UE may have limited multi-carrier capability and may not be able to support duplication over many carriers.  In addition, duplication may be a less efficient way to achieve different levels of reliability.  As discussed above, achieving different target error rates using variable retransmissions, variable coding rate, etc. may instead be further studied by RAN1.    

Observation 1:
Use of duplication only to achieve different levels of reliability is not appropriate for NR V2X

Based on the above analysis, each of the QoS parameters should be considered independently in resource allocation.

Proposal 5:
Each of priority, latency, reliability, rate, and minimum communication range are considered independently in resource allocation. 
2.3 QoS related measurements and reporting

LTE V2X utilized CBR measurements and reporting to allow the network to measure the congestion of a resource pool.  We think such measurements will still be required for NR V2X. Specifically, in mode 1, a V2X UE may perform measurements and report the results to the network. For example, a UE may measure CBR per resource pool to assist the network in determining the channel occupancy. In case of resource pool sharing between mode 1 and mode 2, some QoS requirement may not tolerate high collision rate. The CBR reporting may therefore help the network to select transmission resource a pool for a UE based on the measurement reporting.

Proposal 6:
NR V2X supports measurements of CBR, as in LTE.

Some of these advanced use cases in NR V2X will require setup of a unicast/groupcast link, where support of QoS related reporting such as HARQ-ACK, CQI reporting and closed loop power control can improve the communication performance and help meeting the requirements. 
QoS related measurement used for unicast/groupcast can be used for three purposes: to support link establishment decision, after link establishment to help maintain QoS (i.e. link adaptation), and to determine if a link can maintain the required QoS and take link failure actions otherwise. Measurements prior to link establishment can help the UE and/or the network to determine whether a V2V link can meet the required QoS. For example, the UE may report radio layer measurements (RSRP) of reference signals within transmitted discovery messages to support L2 and/or higher layers in making link establishment decisions.  When operating in mode 2, such measurements can be reported to higher layers and/or to the initiating UE to make the decision.  In case of mode 1, the network should make such decision and the measurements can be sent over Uu uplink. After establishing the link, measurements of channel state information and reporting of HARQ feedback and/or power control can be used to maintain the required QoS during the communication. 

In mode 1, a unicast UE may transmit CQI reporting exchanged with another UE to the network. In this case, CQI can help the network meeting the QoS requirement given the channel condition by assisting the network in selecting the transmission parameters such as MCS and number of PRBs. In one use case, the CQI reporting may be used by the network to decide whether a link can be established or not for a given QoS requirement. Furthermore, after link establishment, the CQI reporting can be used to determine the link status. For example, the network may determine that a given QoS can no longer be met based on the CQI value.

In mode 2, a sidelink UE may perform measurements and report to the transmitting UE in unicast or groupcast mode to help maintaining the required QoS. One option is to use the CQI reporting to determine the link status. A sidelink UE can decide whether a link can still be maintained or not for a given QoS requirement based on the CQI report. Furthermore, it can also help a transmitting UE in selecting the transmission parameters such as MCS and number of PRBs.  
Proposal 7:
NR V2X supports measurements and reporting (to both gNB and transmitting UE) for link establishment and link adaptation. 
3 Conclusion

In this contribution, the following proposals and observation were made related to QoS related parameters and measurements reporting for NR V2X:
Proposal 1:
RAN1 study methods to achieve different minimum communication range depending on the QoS characteristics of the data to be transmitted.
Proposal 2:
RAN1 study methods to efficiently multiplex UEs with different data rate requirements on the same sidelink resource pool(s)

Proposal 3:
NR V2X supports pre-emption based on priority and/or maximum delay budget for a packet. 
Proposal 4:
At least priority related information is transmitted in SCI. 
Observation 1:
Use of duplication only to achieve different levels of reliability is not appropriate for NR V2X

Proposal 5:
Each of priority, latency, reliability, rate, and minimum communication range are considered independently in resource allocation. 
Proposal 6:
NR V2X supports measurements of CBR, as in LTE.

Proposal 7:
NR V2X supports measurements and reporting (to both gNB and transmitting UE) for link establishment and link adaptation 
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