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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]One objective of the V2X SI is on QoS management for NR V2X [1]:
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

At RAN1#94bis, the following agreement on QoS was taken:
· RAN1 studies further how to use 
· priority, 
· latency,
· reliability,
· [bookmark: OLE_LINK63][bookmark: OLE_LINK64]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 this contribution, we discuss the NR QoS framework, and the RAN1 aspects of QoS management. Finally, we identify where the likely RAN1 impacts of changes to the QoS framework in NR may be expected.
Discussion
QoS framework for advanced V2X over Uu and PC5 interface
The 5G QoS model is based on QoS flows [2]. The 5G QoS model supports both QoS flows that require guaranteed flow bit rate (GBR QoS flows) and QoS flows that do not require guaranteed flow bit rate (Non-GBR QoS flows). A two-level mapping is used. First, data packets are mapped from applications to QoS flows. A QoS Flow ID (QFI) is used to identify a QoS flow. Then, the UE follows the QoS flow to Data Radio Bearer (DRB) mapping information. For QoS management for NR Uu, standardized 5QI values have one-to-one mapping to a standardized combination of 5G QoS characteristics, namely resource type, priority level, packet delay budget, packet error rate, averaging window, and maximum Data Burst Volume. For QoS support for advanced V2X over Uu interface, performance requirements are covered by the 5G characteristics associated with 5QI except transmission rate and minimum required communication range. Normative work on 5G QoS framework for Uu is ongoing in SA2. The two-level mapping QoS model can be used for QoS for NR Uu and QoS for advanced V2X over Uu interface in NR. However, the 5QI may have limitations for NR V2X QoS, since transmission rate and communication range may not be indicated. Whether 5QI needs to be enhanced is studied by RAN2 and SA2.
In LTE Release 14/15, QoS management for SL is based on ProSe Per-Packet Priority (PPPP) and/or ProSe Per-Packet Reliability (PPPR). Advanced V2X scenarios in NR are categorized into four areas: platooning, advanced driving, extended sensors, and remote driving. Advanced V2X requirements are diverse, with latencies from 3 ms to 100 ms, and reliability requirements from 90% to 99.999% [3]. Since unicast and groupcast communication type are supported in addition to broadcast, the connection mode is closer to the Uu connection model, rather than the normal broadcast based traffic. All these aspects make advanced V2X in NR quite different from LTE-V. The QoS management is accordingly more complicated. The wider variety of traffic on the Uu link needs to be also taken into account. 
Proposal 1: The QoS framework for 5G system can be used for advanced services over the Uu interface.
For example, while the LTE-V transmission priority works well for MBB packets, the current PPPP mechanism is actually not easily applicable to URLLC transmission on minislots, and new solutions need to be standardized. In such a case, QoS models without PPPP may be more suitable for advanced V2X services in NR. A unified QoS model for Uu and PC5 that SA2 promotes seems to be needed to deal with the potential large QoS ranges of different transmissions and services [4]. Note that this would require defining entirely new resource allocation schemes. Power control procedures also need to be studied to see if a PPPP/PPPR based power control procedure would be suitable for advanced V2X services in NR, or if other mechanisms are needed. From the above discussion, QoS framework for advanced V2X in NR is quite different than R15 LTE-eV2X QoS from RAN1’s perspective.
[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK109]Proposal 2: The QoS framework for advanced V2X over PC5 interface will be decided by RAN2/SA2.

QoS related attributes from physical layer aspects
At RAN1#94, QoS-related parameters, e.g. priority, latency and reliability were listed as needing to be studied. Latency can be reflected by QoS attribute Packet Delay Budget. The frame structure can be designed to meet the low latency requirement for advanced V2X services [5]. Multiplexing of Uu and SL at symbol level allows fast scheduling of sidelink (DCI in DL symbol(s) at start of a slot) and immediate feedback to the gNB (e.g. SL-SCI report, HARQ-ACK in UL symbol(s) at end of the slot), and is therefore capable of multiple adaptive retransmissions within a target latency boundary, e.g. end-to-end 3 ms.
Reliability can be reflected by the QoS attribute of Packet Error Rate. For reliability requirement for advanced V2X services, SL enhancements are needed compared with LTE V2X. The PSCCH design based on repetition of SCI both in time and frequency domain can provide performance advantages in terms of reliability and/or latency [5]. 
Priority information
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]Priority can be reflected by the QoS attribute of Priority Level. Priority rules can handle packets/services with different priorities. Sidelink transmissions with different priority levels may have different channel access granularity opportunities providing more favourable radio-access conditions to higher priority transmissions. In LTE V2X, PPPP was included in SCI to solve transmission priority and resource conflict to assist sensing mechanism. However the way it will be design in NR is not clear yet. No strong requirements are presented that priority information should be included in SCI, since QoS handling in the higher layers can also ensure high priority transmissions.
[bookmark: OLE_LINK78][bookmark: OLE_LINK221][bookmark: OLE_LINK222][bookmark: OLE_LINK79][bookmark: OLE_LINK80]Proposal 3: Priority is not included in the SCI and that QoS is entirely up to higher layers.
[bookmark: OLE_LINK219][bookmark: OLE_LINK220]Minimum required communication range
At RAN1#94bis, the minimum required communication range was agreed to be potentially considered at the physical layer. In general, information on communication range may be useful from the overall system perspective. For instance, if the target communication range is small, the UE may reduce the transmit power or optimize the MCS to provide a more spectrum efficient transmission. The actual communication range during a V2X service is a parameter that may change and may depend on vehicles’ velocity, direction or the actual road environment. Because the minimum required communication range is not currently reflected in 5QI, if the minimum required communication range can be derived from upper layers, the transmit power may be adjusted based on this information.
[bookmark: OLE_LINK214][bookmark: OLE_LINK215]Proposal 4: Use minimum required communication range for the physical layer aspects related to SL power control.

 
Resource allocation
Different multiplexing structure options are discussed in [5]. Different option can help meeting different QoS requirement for reliability, latency, minimum communication range. In addition, ‘Option 3’ could meet all QoS requirements since it is flexible enough to cover all other options.
[image: ]
With option 3, depending on the number of slots allocated for PSCCH transmission, the PSCCH range varied: if the PSCCH is transmitted on a large number of symbols, less RBs can be occupied, thus the PSCCH range can be longer. On the other hand, if a small number of symbols are configured, the UE is able to process the PSCCH and its PSSCH faster, thus can reduce the turnaround time so that stringent latency requirements can be achieved
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]Proposal 5: When PSCCH and its associated PSSCH are multiplexed with ‘Option 3,’ the transmission parameters (e.g., number of symbols occupied by the PSCCH) are configured according to the QoS needs.
The sidelink design needs to account for when the PSCCH transmission parameters for option 3 are modified. For instance, the parameters may be resource pool dependent: within one resource pool, the number of symbols occupied by the UE is fixed. This has the advantage of simplicity, since the UE always knows what the PSCCH duration is. However, it fractions the resources, thus may reduce spectral efficiency. Another approach is to multiplex in the same pools PSCCH/PSSCH transmissions with different PSCCH parameters. While more complicated, this option provides higher spectral efficiency, thus is preferred.
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Proposal 6: PSCCH occupying a different number of symbols can be multiplexed in the same resource pool.
[bookmark: OLE_LINK225][bookmark: OLE_LINK226]
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Congestion control considerations
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]With SL resource allocation mode 2, PHY layer QoS measurement metrics can be considered for congestion control. Utilization of grant free (GF) in NR V2X is discussed in contribution [6] and [7] as the best way to meet the latency and reliability requirements. NR’s higher reliability targets may require more retransmissions, and a grant-free transmission mode, which can (pre)-configure UE specific repetition patterns, and is more robust to collisions. Congestion control is suitable for GF transmission, and the resources for GF transmission can be reconfigured according to the congestion control measurements. For instance, the pattern length can be adapted according to the resource occupancy.
The congestion metric channel busy ratio (CBR) was adopted for LTE sidelink-based V2X to assist resource allocation. Channel occupation and interference measurements are also needed for NR sidelink based V2X. The resources can be reconfigured after CBR measurement per resource pool or other resource unit. Thus, CBR can be used as a metric for NR sidelink-based V2X. Whether enhancements to CBR are needed is for further study.
[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK57][bookmark: OLE_LINK59][bookmark: OLE_LINK41][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK49][bookmark: OLE_LINK95][bookmark: OLE_LINK55]Proposal 7: At least CBR-based congestion control is supported.
 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _GoBack]In this contribution, we discuss QoS framework in NR V2X and the usage of QoS related attributes in physical layer. Based on above discussions, following proposals are given. 
[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK96][bookmark: OLE_LINK99][bookmark: OLE_LINK102]Proposal 1: The QoS framework for 5G system can be used for eV2X services over the Uu interface.
Proposal 2: The QoS framework for advanced V2X over PC5 interface will be decided by RAN2/SA2.
Proposal 3: Priority is not included in the SCI and that QoS is entirely up to higher layers.
Proposal 4: Use minimum required communication range for the physical layer aspects related to SL power control.
Proposal 5: When PSCCH and its associated PSSCH are multiplexed with ‘Option 3,’ the transmission parameters (e.g., number of symbols occupied by the PSCCH) are configured according to the QoS needs.
Proposal 6: PSCCH occupying a different number of symbols can be multiplexed in the same resource pool.
Proposal 7: At least CBR based congestion control is supported.

References
1. [bookmark: OLE_LINK84][bookmark: OLE_LINK83]RP-182111, “Revised SID: Study on NR V2X”, RAN#81, Gold Coast, Australia, September 2018.  
1. [bookmark: OLE_LINK110][bookmark: OLE_LINK111]TS 23.501, “System Architecture for the 5G System; Stage 2”.
1. [bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK94][bookmark: OLE_LINK93]TS 22.186, “Enhancement of 3GPP support for V2X services; Stage 1”.
1. TR 23.786, “Study on architecture enhancements for EPS and 5G System to support advanced V2X services”.
1. R1-1812206, “Sidelink physical layer structure for NR V2X”, Huawei, HiSilicon, Spokane, USA, November 12-16, 2018. 
1. R1-1812209, “Sidelink resource allocation mode 2”, Huawei, HiSilicon, Spokane, USA, November 12-16, 2018.
1. [bookmark: OLE_LINK218]R1-1812213, “Discussion on Uu-based sidelink resource allocation/configuration”, Huawei, HiSilicon, Spokane, USA, November 12-16, 2018.



image1.png
XIS
QOIS
RRARRRK
QAKIELLIKK
DR
< Data
RECBIIBKKS
QAU
RIS
RREIREIKKL





