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Introduction
[bookmark: _Ref490149211]To support 5G V2X services, 28 use cases and their performance requirements are studied in TR 22.886 [1]. TS 22.186 [2] 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). 
3GPP systems (LTE and NR), including both Uu and sidelink (SL) interfaces, is expected to fulfil the required KPIs. This paper assesses the feasibility of using current Uu and sidelink QoS management for V2X services support and proposes the potential enhancements. 
[bookmark: _Ref525849720]Discussion
QoS framework for Uu-interface
QoS management for Uu interface is specified in TS 23.501 [3] based on QoS parameters, i.e. 5QI, ARP, RQA, GFBR, MFBR, notification control and maximum packet loss rate. Before establishing a QoS flow, which corresponds to a radio bearer, admission control is performed. In case there are not enough free resources, the QoS flow may be rejected or an existing QoS flow may be preempted depending on its ARP. Assuming the QoS flow is accepted, it will be further treated in the network according to other QoS parameters. Note that a 5QI value corresponds to multiple QoS characteristics, namely resource type (GBR, Delay critical GBR or Non-GBR), priority level, packet delay budget, packet error rate, averaging window, and maximum Data Burst Volume (for Delay-critical GBR resource type only). Table 1 gives a comparison between V2X KPIs and 5GS QoS parameter/characteristics. It indicates that most of the V2X KPIs are already covered in 5G System (5GS) except transmission rate and minimum required communication range. Transmission rate can be determined by the network based on the data rate, latency, and payload requirements. Minimum required communication range is not a necessary QoS characteristic, which could be reflected by the destination address carried in the packet header, e.g. zone address in a geo-network. The mapping between Service Data Flow (SDF) and QoS flow is performed at Non-Access Stratum (NAS) level. Access Stratum (AS), e.g. Service Data Adaptation Protocol (SDAP) layer, maps the QoS flow to a Data Radio Bearer (DRB). Relevant work regarding 5GS QoS framework for Uu is ongoing in SA2. Potential RAN enhancements for V2X may be developed based on inputs from SA2.


[bookmark: _Ref520804428]Table 1: Comparison between V2X service KPI and 5GS QoS parameter/characteristic
	V2X service KPI
	5GS QoS parameter/characteristic

	Payload
	Maximum data burst volume

	Transmission rate
	N/A

	Maximum end-to-end latency
	Packet delay budget

	Reliability
	Packet error rate

	Data rate
	GFBR/MFBR

	Minimum required communication range
	N/A



[bookmark: _Ref520821847][bookmark: _Toc521672671][bookmark: _Toc525849672][bookmark: _Toc525849688][bookmark: _Toc525849707][bookmark: _Toc525849733][bookmark: _Toc528483417][bookmark: _Toc528847687][bookmark: _Toc528847731][bookmark: _Toc528849563][bookmark: _Toc528877759]V2X service KPIs are already covered in 5GS QoS management for Uu.
[bookmark: _Toc521672664][bookmark: _Toc521672729][bookmark: _Toc521672765][bookmark: _Ref520890963][bookmark: _Toc521672766][bookmark: _Toc525849677][bookmark: _Toc525849693][bookmark: _Toc525849712][bookmark: _Toc525849738][bookmark: _Toc528483431][bookmark: _Toc528847713][bookmark: _Toc528847724][bookmark: _Toc528847736][bookmark: _Toc528849568][bookmark: _Toc528877764]5GS QoS framework is used for V2X services over Uu-interface. 
QoS framework for PC5-interface
In LTE Release 14/15, QoS management for SL is based on PPPP and/or PPPR which are defined in TS 23.303 [4]. PPPP indicates the relative priority and reflects the latency requirement. PPPR describes the required reliability level with range from 1 to 8. Each generated V2X application packet will be configured with a PPPP value and optionally with a PPPR value. The packet will be treated in the lower layers according to PPPP/PPPR. Within one UE, packets with lower PPPP, meaning a low latency requirement, will be transmitted first. Among multiple UEs, packets with lower PPPP/PPPR can be transmitted using same resources occupied by other UEs for higher PPPP packet transmissions. In LTE SL, the selection of packet priority and the mapping between priority (such as PPPP) and LCID are left for UE implementation. It means there is no unified QoS handling rule among UEs and greedy UEs are allowed to assign lowest PPPP value to their generated packets.
[bookmark: _Toc521672672][bookmark: _Ref520907511][bookmark: _Toc521672673][bookmark: _Toc525849673][bookmark: _Toc525849689][bookmark: _Toc525849708][bookmark: _Toc525849734][bookmark: _Toc528483418][bookmark: _Toc528847688][bookmark: _Toc528847732][bookmark: _Toc528849564][bookmark: _Toc528877760]LTE SL UEs may handle logical channel prioritization differently depending on their implementations.
[bookmark: _Ref520907604][bookmark: _Toc521672767][bookmark: _Toc525849678][bookmark: _Toc525849694][bookmark: _Toc525849713][bookmark: _Toc525849739][bookmark: _Toc528483432][bookmark: _Toc528847714][bookmark: _Toc528847725][bookmark: _Toc528847737][bookmark: _Toc528849569][bookmark: _Toc528877765][bookmark: _Ref536273592][bookmark: _Ref536273600][bookmark: _Ref1034897][bookmark: _Ref1034898]A unified QoS handling framework with a mapping between logical channels and QoS flows may be (pre)configurable both for gNB-scheduled and UE autonomous resource allocation.
From RAN2 perspective, the above proposal means for example that the (pre)configuration may indicate the mapping between packet QoS flow characteristics, such as 5QIs, for a given V2X service to logical channels.
[bookmark: _Toc525849679][bookmark: _Toc525849695][bookmark: _Toc525849714][bookmark: _Toc525849740][bookmark: _Toc528483433][bookmark: _Toc528847715][bookmark: _Toc528847726][bookmark: _Toc528847738][bookmark: _Toc528849570][bookmark: _Toc528877766][bookmark: _Ref536273607][bookmark: _Ref536273611][bookmark: _Ref1034902][bookmark: _Ref1034903]The (pre)configuration may indicate the mapping between QoS flow characteristics (i.e. 5QI) of a given V2X service and logical channels.
Comparing with the V2X service KPIs described earlier, it can be noticed that QoS framework for LTE PC5 is not enough to cover various requirements due to:
· PPPP and PPPR only provide relative priority, latency, and reliability difference without absolute QoS values. SL UEs do not know whether required QoS is fulfilled and whether reconfiguration is needed, e.g. link adaptation in SL unicast. 
· Payload and data rate are not reflected in PPPP/PPPR.

With provided QoS requirements, AS layers can configure transmission parameters accordingly. For instance, given maximum latency, SL UE in autonomous mode can set T2 smaller than the maximum latency. According to the reliability and data rate requirements, proper MCS can be selected.  

[bookmark: _Ref524443151][bookmark: _Toc525849674][bookmark: _Toc525849690][bookmark: _Toc525849709][bookmark: _Toc525849735][bookmark: _Toc528483419][bookmark: _Toc528847689][bookmark: _Toc528847733][bookmark: _Toc528849565][bookmark: _Toc528877761]Relative QoS parameters, such as PPPP and PPPR, are not enough to reflect critical latency and reliability requirements.
[bookmark: _Ref524443172][bookmark: _Toc525849675][bookmark: _Toc525849691][bookmark: _Toc525849710][bookmark: _Toc525849736][bookmark: _Toc528483420][bookmark: _Toc528847690][bookmark: _Toc528847734][bookmark: _Toc528849566][bookmark: _Toc528877762][bookmark: _Ref536273412][bookmark: _Ref536273415][bookmark: _Ref1034828][bookmark: _Ref1034830]KPIs such as payload and data rate are not reflected in legacy SL QoS framework.
[bookmark: _Ref524443295][bookmark: _Toc525849680][bookmark: _Toc525849696][bookmark: _Toc525849715][bookmark: _Toc525849741][bookmark: _Toc528483434][bookmark: _Toc528847716][bookmark: _Toc528847727][bookmark: _Toc528847739][bookmark: _Toc528849571][bookmark: _Toc528877767][bookmark: _Ref536273628][bookmark: _Ref536273630][bookmark: _Ref1034908][bookmark: _Ref1034910]Absolute QoS parameters, such as KPI parameters associated to a given 5QI, e.g. payload and data rate requirements, may be provided to AS layers. Details up to SA2.
[bookmark: _Toc521672674][bookmark: _Toc525849682]Based on the discussion above, another observation is that QoS characteristic needed for SL, such as reliability, latency and data rate, are already covered in Uu QoS framework. Thus, NR SL can in principle inherit similar QoS framework as in Uu interface. More specifically, NR SL can use similar 5QI table as in Uu. QoS requirements are indicated by an index, e.g. SL-5QI, and GFBR/MFBR will be included in case a certain bit rate is needed. ARP value can be used for admission control. This can also be beneficial for path switch between Uu and PC5 interfaces. For example, when one UE switches between Uu and PC5 interface, SDF to QoS flow mapping can stay unchanged or be overridden by explicit signalling. 
[bookmark: _Toc525849683][bookmark: _Toc525849698]Note that LTE SL QoS management is packet based and making use of PPPP and PPPR. Comparatively, NR SL is expected to support more stringent and deterministic QoS requirements, QoS flow and radio bearer based QoS management similar as in NR Uu can be used for NR SL. Each radio bearer can be mapped to certain AS configurations according to different QoS requirements, e.g. carrier aggregation, packet duplication etc. 
In the e-mail discussion [5], many companies argue the need of SL QoS flow in NR SL since upper layer can associate each packet with the corresponding SL QoS profile. In this case, it is assumed that SL QoS profile implicitly represents a SL QoS flow, thus the need of SL QoS flow ID can be saved. However, it comes with the overhead cost that upper layer will add a SL QoS profile to every packet when deliver it to AS. Depending on the definition of SL QoS profile, it may be more than few bits to capture e.g. SL-5QI/VQI, MFBR/GFBR, ARP etc. Comparatively, utilizing the concept of SL QoS flow and SL QFI costs less overhead, since each packet is delivered with a probably less-bit QFI instead of a heavy QoS profile. Besides, up to implementation, it is not necessary to assume one to one mapping between SL QoS flow and SL QoS profile. Two types of services may share the same SL QoS profile while mapped to different SL QoS flows due to different packet filters. In this case, differentiating service flows based SL QoS flows makes it easy to terminate specific service by releasing the corresponding SL QoS flow.
[bookmark: _Ref524443198][bookmark: _Toc525849676][bookmark: _Toc525849692][bookmark: _Toc525849711][bookmark: _Toc525849737][bookmark: _Toc528483421][bookmark: _Toc528847691][bookmark: _Toc528847735][bookmark: _Toc528849567][bookmark: _Toc528877763][bookmark: _Ref536273446][bookmark: _Ref536273456][bookmark: _Ref1034838][bookmark: _Ref1034839]QoS characteristics needed for SL are already covered in Uu QoS framework. NR SL is expected to support more stringent and deterministic QoS requirements than LTE SL. 
[bookmark: _Ref524443320][bookmark: _Toc525849684][bookmark: _Toc525849699][bookmark: _Toc525849717][bookmark: _Toc525849743][bookmark: _Toc528483436][bookmark: _Toc528847718][bookmark: _Toc528847729][bookmark: _Toc528847741][bookmark: _Toc528849572][bookmark: _Toc528877768][bookmark: _Ref536273674][bookmark: _Ref536273682][bookmark: _Ref1034912]NR SL uses similar QoS framework as in Uu interface, where each SL QoS flow may be associated by upper layers with different SL QoS profiles, incl. SL-5QI, ARP, GFBR and MFBR, and then mapped to a radio bearer. SA2 studies the details of SL QoS flow and SL QoS profile.
[bookmark: _Ref1034917]SA2/RAN2 studies the details of SL QoS flow and SL QoS profile 
[bookmark: _Ref528337744][bookmark: _Toc528847719][bookmark: _Toc528847730][bookmark: _Toc528847742][bookmark: _Toc528849573][bookmark: _Toc528877769]Agree the TP in the Annex.
Conclusions
In section 2 we made the following observations:
Observation 1	V2X service KPIs are already covered in 5GS QoS management for Uu.
Observation 2	LTE SL UEs may handle logical channel prioritization differently depending on their implementations.
Observation 3	Relative QoS parameters, such as PPPP and PPPR, are not enough to reflect critical latency and reliability requirements.
Observation 4	KPIs such as payload and data rate are not reflected in legacy SL QoS framework.
Observation 5	QoS characteristics needed for SL are already covered in Uu QoS framework. NR SL is expected to support more stringent and deterministic QoS requirements than LTE SL.
Based on the discussion in section 2 we propose the following:
Proposal 1	5GS QoS framework is used for V2X services over Uu-interface.
Proposal 2	A unified QoS handling framework with a mapping between logical channels and QoS flows may be (pre)configurable both for gNB-scheduled and UE autonomous resource allocation.
Proposal 3	The (pre)configuration may indicate the mapping between QoS flow characteristics (i.e. 5QI) of a given V2X service and logical channels.
Proposal 4	Absolute QoS parameters, such as KPI parameters associated to a given 5QI, e.g. payload and data rate requirements, may be provided to AS layers. Details up to SA2.
Proposal 5	NR SL uses similar QoS framework as in Uu interface, where each SL QoS flow may be associated by upper layers with different SL QoS profiles, incl. SL-5QI, ARP, GFBR and MFBR, and then mapped to a radio bearer. SA2 studies the details of SL QoS flow and SL QoS profile.
Proposal 6	SA2/RAN2 studies the details of SL QoS flow and SL QoS profile
Proposal 7	Agree the TP in the Annex.
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Annex: Text Proposal for TR 38.885
[bookmark: _Toc531124317]7	QoS management
Physical layer parameters related to QoS management are the priority, latency, reliability and minimum required communication range (as defined by higher layers) of the traffic being delivered. They are studied here in the context of their use in resource allocation, congestion control, in-device coexistence and power control.

7.1	PC5 QoS management
LTE SL QoS framework is not designed to support stringent V2X service requirements. In LTE, only PPPP and PPPR are defined as packet priority and packet reliability indicators respectively, However, how to assign such value to a given packet and how to map such value onto radio-layer logical channels is essentially up to UE implementation.
In order to enforce QoS handling for the sidelink, this study considers a QoS framework for NR SL, where unified QoS rules may be used for SL UEs. For example, such unified QoS rules may define criteria for the UE to map QoS flow of a given V2X service into logical channels, depending on QoS flow characteristics (e.g. 5QI). 
The SL QoS framework can be based on SL QoS flow and SL radio bearer considering QoS requirements such as reliability, latency, priority, payload, and data rate etc. 

7.2 Uu QoS management 
5GS QoS framework can be used for V2X services over Uu interface.
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