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3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

5G Access Network: An access network (that comprises of 5G-RAN and/or non-3GPP access network) that connects to the 5G Core Network.
5G Core Network: The core network specified in the present document. It connects to a 5G Access Network.

5G-RAN: A radio access network that supports one or more of the following options with the common characteristics that it connects to 5GC:

1)
Standalone New Radio.

2)
New Radio is the anchor with E-UTRA extensions.

3)
Standalone E-UTRA.

4)
E-UTRA is the anchor with New Radio extensions.

Editor's note:
The definition will be revisited after RAN decision on 5G-RAN.

5G System: 3GPP system that consists of 5G Access Network (AN), 5G Core Network and UE.
Network Function: In this specification, Network function is a 3GPP adopted or 3GPP defined processing function in a network, which has defined functional behaviour and 3GPP defined interfaces.

NOTE 2:
A network function can be implemented either as a network element on a dedicated hardware, or as a software instance running on a dedicated hardware, or as a virtualised function instantiated on an appropriate platform, e.g. on a cloud infrastructure.
PDU Connectivity Service: A service that provides exchange of PDUs between a UE and a Data Network.

PDU Session: Association between the UE and a Data Network that provides a PDU connectivity service. The type of the association can be IP, Ethernet or unstructured.
5G QoS Flow: 5G QoS Flow is the finest granularity for QoS forwarding treatment in the 5G System. All traffic mapped to the same 5G QoS Flow receive the same forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.). Providing different QoS forwarding treatment requires separate 5G QoS Flow. The terms ″5G QoS Flow″ and ″QoS Flow″ are used interchangeably in this specification.
5G QoS Indicator (5QI): A scalar that is used as a reference to a specific QoS forwarding behaviour (e.g. packet loss rate, packet delay budget) to be provided to a 5G QoS Flow. This may be implemented in the access network by the 5QI referencing node specific parameters that control the QoS forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.).

Service Continuity: The uninterrupted user experience of a service, including the cases where the IP address and/or anchoring point change.
Session Continuity: The continuity of a PDU session. For PDU session of IP type "session continuity" implies that the IP address is preserved for the lifetime of the PDU session.
**** NEXT CHANGE ****

5.7
QoS model

5.7.1
General Overview

The 5G QoS model supports QoS Flow based framework. The 5G QoS model supports both QoS Flows that require guaranteed flow bit rate (GBR) and QoS Flows that do not require guaranteed flow bit rate (non-GBR). The 5G QoS model also supports reflective QoS (see sub-clause 5.7.2).
The 5G QoS Flow is the finest granularity of PDU session that can be differentiated for QoS for traffic forwarding treatment in the 5G system. User PlanePlane traffic with the same User PlanePlane (N3) marking value within a PDU session corresponds to a 5G QoS Flow. User Plane marking for QoS is carried in an encapsulation header on N3 i.e. without any changes to the e2e packet header. It can be applied to PDUs with different types of payload, i.e. IP packets, non-IP PDUs and Ethernet frames.

The QoS profile of a 5G QoS Flow consists of a User Plane marking referred to as a 5G QoS indicator (5QI) and corresponding 5G QoS characteristics, see sub-clause 5.7.3. The QoS rule consists of QoS profile, packet filters and precedence order. The QoS profile of a QoS rule (including the pre-authorized QoS rules) is provided to the (R)AN over N2 at PDU Session establishment and when a PDU session is re-activated. Two ways to control QoS Flows are supported, standard and tailored:

1) Standard QoS Flows are 5G QoS Flows with User Plane marking (5QI) sent over N3 using only standardized 5G QoS characteristics specified in sub-clause 5.7.5 i.e. the QoS characteristics are directly inferred by look-up the 5QI in table 5.7.5-1.
2) Tailored QoS Flows are 5G QoS Flows with User Plane marking (5QI) sent over N3 using 5G QoS characteristics signaled over control plane, N2 i.e. the QoS characteristics are inferred by look-up the 5QI in the signaled 5G QoS characteristics over N2.

NOTE 1:
A standard QoS Flow may not use any other 5QI than specified in table 5.7.5-1. A tailored QoS Flow may not use any of the 5QI specified in table 5.7.5-1. 
The network shall provide default QoS rule to the UE at PDU Session establishment to facilitate mapping from SDFs to 5G QoS Flow. In addition, pre-authorized QoS rules may be provided to the UE. The network may also indicate whether reflective QoS applies per 5G QoS Flow as part of the QoS rule. The following characteristics apply for processing of Downlink traffic:

-
UPF maps Service data flow (SDF) to QoS Flow(s)
-
UPF performs per PDU session AMBR enforcement and also performs PDU counting for support of charging.

-
UPF transmits the PDUs of the PDU session in a single tunnel between 5GC and (R)AN, the UPF includes User Plane marking (5QI) in the encapsulation header. In addition, UPF may include an indication for reflective QoS activation in the encapsulation header.

-
(R)AN maps PDUs from 5G QoS Flows to access-specific resources based on the 5QI and the associated QoS characteristics, also taking into account the N3 tunnel associated with the downlink packet.

NOTE 2:
Packet filters are not used for binding of 5G QoS Flows onto access-specific resources in (R)AN.

-
If reflective QoS applies, the UE creates a new derived QoS rule. The packet filter in the derived QoS rule is derived from the header of the DL packet, and the 5QI of the derived QoS rule is given the 5QI value of the DL packet.

Editor's note:
How the precedence order value is set for a derived QoS rule is FFS.

Following characteristics apply for processing of Uplink traffic:

-
UE uses the stored QoS rules to determine mapping between SDFs and 5G QoS Flow. UE transmits the UL PDUs using the corresponding access-specific resource for the QoS Flow based on the mapping provided by RAN.

-
(R)AN transmits the PDUs over N3 tunnel towards UPF. When passing an UL packet from (R)AN to CN, the (R)AN determines the 5QI and selects the N3 tunnel based on information received from the Access Stratum.

-
UPF performs per PDU session AMBR enforcement and counting of packets for charging.

It is assumed that per PDU session AMBR is enforced in the UPF. For PDU sessions with more than one N6 interface (UL CL PDU session, Multi-homed PDU session), it is enforced in the UPF that supports the UL Classifier or Branching point functionality (see sub-clause 5.6.4). The (R)AN shall enforce Max BitRate (MBR) limit in UL and DL per UE for QoS Flows that do not require guaranteed flow bit rate. The UE performs UL rate limitation on a PDU Session basis for non-GBR traffic.

Rate limit enforcement per PDU session applies for QoS Flows that do not require guaranteed flow bit rate. MBR per SDF is mandatory for GBR 5G QoS flows but optional for non-GBR 5G QoS Flows. The MBR is enforced in the UPF.

5.7.2
Reflective QoS

5.7.2.1
General

The support of reflective QoS over AN is under control of the 5GC. The reflective QoS is achieved by creating a derived QoS rule based on the received downlink traffic. It shall be possible to apply reflective QoS and non-reflective QoS concurrently on the same PDU session. For traffic that is subject to reflective QoS, the UL packet gets the same QoS treatment as the reflected DL packet.

5.7.2.2
UE Reflective QoS Procedures

5.7.2.2.1
General

For a UE supporting reflective QoS function, and if reflective QoS function is enabled by the 5GC for some traffic flows, the UE shall create a derived QoS rule for the uplink traffic based on the received downlink traffic. The UE shall use the derived QoS rules to determine mapping between uplink traffic and 5G QoS Flow and transport the uplink traffic according to the mapped QoS characteristics of the derived QoS rule.
5.7.2.2.2
Derived QoS Rule

The derived QoS rule contains following parameters:
-
Packet Filters.

-
QoS User Plane marking (5QI).

Editor's note:
Whether Precedence of the QoS rule and other parameters are needed is FFS.

The uplink packet filter is derived based on the received DL packet.
5.7.2.3
UPF Procedures for Supporting Reflective QoS

When the User Plane reflective QoS is enabled by the 5GC, the UPF shall include the Reflective QoS Indication (RQI) in the encapsulation header on N3 reference point together with with the QoS User Plane marking (5QI).

When the control plane reflective QoS is enabled by the 5GC, the UPF shall only include the QoS User Plane marking (5QI) in the encapsulation header on N3 reference point.

5.7.2.4
Enabling Reflective QoS
5.7.2.4.1
General

Reflective QoS can be activated via User Plane and Control Plane. The 5GC determines whether to enable the reflective QoS function via Control Plane or User Plane based on policies and type of access.

5.7.2.4.2
Reflective QoS Activation via User Plane

When the 5GC determines to activate reflective QoS via User Plane, the SMF shall include a QoS rule including an indication to the UPF to activate User Plane reflective QoS. When the UPF receives a DL packet matching the QoS rule that contains an indication to activate User Plane reflective QoS, the UPF shall include the RQI in the encapsulation header on N3 reference point. The UE creates a derived QoS rule when the UE receives a DL packet with a RQI.

NOTE:
The Reflective QoS activation via User Plane is used to avoid out-of-band signalling (e.g. for some non 3GPP accesses and for finer granularity like per SDF in a 3GPP access).

5.7.2.4.3
Reflective QoS Activation via Control Plane

When the 5GC determines to activate reflective QoS via Control Plane, the SMF shall include the RQI in the QoS rule which is sent to the UE via N1 interface. When the UE receives a DL packet matching the QoS rule that contains the RQI the UE creates a derived QoS rule.

NOTE:
The Reflective QoS activation via Control Plane is used for coarse-grained (e.g. per 5G QoS Flow or per PDU Session).

5.7.2.5
Disabling Reflective QoS 
5.7.2.5.1
General

The 5GC supports disabling reflective QoS.

Editor's note:
How and when the S5GC disable the reflective QoS function is FFS.

5.7.3
5G QoS Parameters

The 5G QoS profile includes the parameters 5QI, ARP, Maximum Flow BitRate (MFBR), Guaranteed Flow BitRate (GFBR) described in this sub-clause.

Each 5G QoS Flow (GBR and Non-GBR) is uniquely identifiable and is associated with the following QoS parameters:

-
5G QoS Indicator (5QI);

-
Allocation and Retention Priority (ARP).

Editor's note:
Description of other parameters such as Notification Control is FFS.

Editor's note:
How the 5G QoS Flow is uniquely identified is FFS.

A 5QI is a scalar that is used as a reference to 5G QoS characteristics, i.e. access node-specific parameters that control QoS forwarding treatment for the 5G QoS Flow (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.). The 5G QoS characteristics are defined in sub-clause 5.7.5. 5QI can take value from a standardized value range, as defined in clause 5.7.5, or from a non-standardized value range.

The 5QI in the standardized value range have a one-to-one mapping to 5G QoS characteristics as specified in Table 5.7.5-1.

For 5QI in the non-standardized value range, the 5G QoS characteristics are signalled over N2, N11 and N7 at the time of QoS establishment.

NOTE 1:
On N3, each PDU (e.g. in the tunnel used for the PDU session) is associated with one 5QI i.e.  User Plane marking carried in the encapsulation header. The same applies to the N9 interfaces. For standard 5G QoS flows only standardised 5QIs from the non-GBR range are used as N3/N9 User Plane markings.

Editor's note:
It is FFS whether the ARP is included within the 5G QoS Profile sent to the UE.

Editor's note:
It is FFS how the ARP for QoS Flows with standard QoS flows is determined.

For GBR 5G QoS Flows, the 5G QoS profile additionally include the following QoS parameters:

-
Guaranteed Flow Bit Rate (GFBR) - UL and DL;

-
Maximum Bit Rate (MFBR) - UL and DL.

The GFBR denotes the bit rate that can be expected to be provided by a GBR QoS Flow. The MFBR limits the bit rate that can be expected to be provided by a GBR 5G QoS Flow (e.g. excess traffic may get discarded by a rate shaping function).

GFBR and MFBR are signalled on N2, N11, and N7 for each of the GBR 5G QoS Flows for setting up the 5G QoS profile.

5.7.4
5G QoS characteristics

This sub-clause specifies the 5G QoS characteristics associated with a 5QI. The characteristics describe the packet forwarding treatment that a 5G QoS Flow receives edge-to-edge between the UE and the UPF in terms of the following performance characteristics:

1
Resource Type (GBR or Non-GBR);

2
Priority level;

3
Packet Delay Budget;

4
Packet Error Rate.

The 5G QoS characteristics should be understood as guidelines for the node specific parameters for each 5QI e.g. for 3GPP radio access link layer protocol configurations.

The 5G QoS characteristics for standardized 5QI value range (see sub-clause 5.7.5) are not signalled on any interface. Additional QoS parameters, e.g. GFBR, may be signalled.

The Resource Type determines if dedicated network resources related to a QoS Flow-level Guaranteed Flow Bit Rate (GFBR) value are permanently allocated (e.g. by an admission control function in a radio base station). GBR 5G QoS Flow are therefore typically authorized "on demand" which requires dynamic policy and charging control. A Non GBR 5G QoS Flow may be pre-authorized through static policy and charging control.

The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the PCEF. For a certain 5QI the value of the PDB is the same in uplink and downlink. In the case of 3GPP access, the PDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points).

NOTE 1:
The PDB denotes an end-to-end "soft upper bound".

Editor's note:
What will be the PDB confidence level e.g. whether 98 percent is enough or a more aggressive confidence level e.g. 99 percent is needed for 5G is FFS.

The Packet Error Rate (PER) defines an upper bound for the rate of SDUs (e.g. IP packets) that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access). For a certain 5QI the value of the PER is the same in uplink and downlink.

Editor's note:
Whether for non-standardized 5QI value range "allowed boundaries" for the 5G QoS characteristics needs to be specified e.g. minimum allowed PDB< X ms, PLR < 10^-X etc is FFS.

5.7.5
Standardized 5QI to 5G QoS characteristics mapping

The one-to-one mapping of standardized 5QI values to 5G QoS characteristics is captured in table 5.7.5-1.

Table 5.7.5-1: Standardized 5QI to 5G QoS characteristics mapping
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	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error
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