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1. Introduction
In SA2#118bis some initial text was agreed for the definition of 5G QoS parameters and general concepts, but there are a few aspects that remain unclear. 
This paper aims to close these remaining open issues.

2. What is the definition of A-type and B-type QoS flows? 

In previous meeting the concept of A-type and B-type caused confusion since some understood that "A-type" means non-standardised and some thought "non-signalled" over N2. 

In fact the current definition 

1) A-type QoS flows = User Plane marking sent over N3 with standardized 5G QoS characteristics

2) B-type QoS flows = User Plane marking sent over N3 with 5G QoS characteristics signaled over control plane, N2.

NOTE 1:
A-type and B-type QoS flows must use a different value range for User plane marking.

Is inconsistent with the terms used in clause 5.7.3 since it does not clarify what happens with the other parameters, except the 5QI (e.g. ARP). 
In fact according to the understanding of the authors the meaning of "A-type QoS flows" is that the 5G QoS Parameters of these 5G QoS flows are sent e.g. to RAN at the time of the PDU Session establishment. These QoS profiles are valid when the PDU session is active and removed when the PDU session is deleted. One PDU Session may have multiple "A-Type 5G QoS flows". The actual data traffic correspond to the QoS flows can start at any time during the lifetime of PDU session, and no additional signalling is required.   
Proposal 1: For "A-type QoS flows" all the necessary 5G QoS Parameters for all 5G QoS Flows are sent to RAN at time of PDU session establishment and no additional signalling is required at the time traffic for the corresponding 5G QoS Flows start. 

On the contrary, for B-type QoS Flows the necessary 5G QoS Parameters for the 5G QoS Flow are sent to RAN separately from the PDU session establishment signalling.  The QoS profiles for the B-type 5G QoS Flows can be added or deleted during the PDU session. 
Within a PDU session, there can be both A-type 5G QoS flows and B-type 5G QoS flows. An example of such use is a IMS PDU session that supports voice. At the PDU session establishment, the A-type 5G QoS flow that supports IMS signalling (e.g. similar to that of QCI=5 in case of EPS) would be included as well. When the voice session is initiated with the IMS signalling, the corresponding B-type 5G QoS flow for the voice session would be signalled and setup (e.g. similar to that of QCI=1 in case of EPS).    

Proposal 2: For B-type QoS Flows the necessary 5G QoS Parameters for the 5G QoS Flow is sent to RAN separately from the PDU session establishment.
Based on the above definition of A-type and B-type 5G QoS flows, it is obvious that the definition of 5QI (standardized vs. non-standardized) is independent of the QoS flow types, i.e. there is no limitation of what kind of 5QI a QoS flow can use, The standardized 5QI or non-standardized 5QI can be used for both A or B-type QoS flows, 
Proposal 3: Both A-Type and B type can make use of standardized 5QI or non-standardized 5QI.  
3. How is the 5G QoS Flow identified?

In SA2#118bis the topic of how the 5G QoS Flow is identified was left open and the following Editor's Note was captured: 

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

Some companies (offline at least) expressed the view that 5QI is the unique identifier of the 5G QoS Flow. This though not correct; or at least it cannot be correct if the QoS marking in the PDU Session "tunnel" points to the 5QI. The obvious counter-example is that of GBR 5G QoS Flows, i.e., there could be multiple GBR 5G QoS Flows in a PDU Session, which might even have the same 5QI, but need to be distinguished in the RAN and perhaps even other intermediate nodes. 
So the only way that this approach can work is if the 5QI is in fact not a QoS mark in the tunnel header as such, but rather a pointer to a specific 5G QoS Flow ID within the PDU session which may also contain implicit 5QI information. This is a stage 3 detail.

Observation 1: In order to identify uniquely a 5G QoS Flow, the so-called QoS mark must identify a uniquely the 5G QoS Flow within the PDU session and this generally cannot be done by using the 5QI or even complete profile information.

With the above observation from stage-2 perspective we need to clearly indicate that the 5G QoS Flow needs to be uniquely identified with a 5G QoS Flow ID.

Proposal 4: Each 5G QoS Flow is uniquely identified with a 5G QoS Flow ID.

Then it is up to stage-3 groups (in this case probably RAN3) to decide whether the 5G QoS Flow ID will be marked explicitly/separately or part of a QoS mark. 

But there it was made clear that in the second case, the “mark” is different for different flows even if they share the same packet forwarding behaviour. Thus it seems that the mark becomes a 5G Flow ID proxy (i.e. the mark provides both information on QOS handling and on the specific QOS flow).

It is clear that this is a possible approach, but the problem is that, instead of explaining the requirement on user plane signalling, the stage-2 text should not jump directly into an example at quasi-stage 3 level. 
4. Meaning of ARP

In rel.8 QoS design a consistent separation was intended between the semantics of ARP that is NOT used for packet forwarding treatment at least in the RAN and other parameters like e.g. QCI, GBR etc that are taken into account for scheduling priority assignments. This way it is possible to have the possibility of allocating a "high priority" ARP with pre-emption capability but perhaps a "best effort" 5QI. This case was discussed also in rel.8 ("policeman downloading maps"). 
It is proposed to keep the same separation in the semantics of ARP and packet forwarding treatment. 

Proposal 5: ARP (like in EPC) is not considered in packet forwarding treatment priority and is used to decide which 5G QoS Flows to drop during exceptional resource limitations (e.g. at handover). 
One additional aspect that was discussed in NextGen TR 23.799 is whether ARP is supposed to be sent to the UE. One reason to do that was instigated in rel.13 due to the ProSe UE-Network Relay discussion where the relay may need to know the ARP to schedule accordingly sessions on PC5. In rel.15 5GS there is no sidelink and therefore there is no need to send the ARP to the UE. If in rel.16 new requirements/use cases appear we can reconsider.

Proposal 6: ARP is not included in the QoS profile sent to the UE.

5. Terminology used in Reflective QoS section

The clause for Reflective QoS (clause 5.7.2) did not get updated to reflected the terminology changes agreed in clause 5.7.1 and 5.7.3. 

Furthermore it is more appropriate to make clause on Reflective QoS come after the definition of the parameters. (i.e. Clause 5.7.2 to come AFTER clause that is now 5.7.3)
6. Proposal

It is proposed capture in TS 23.501 the following text. 
>>>Start Changes<<<
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 and QoS flows that do not require guaranteed flow bit rate. The 5G QoS model also supports reflective QoS.
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 plane traffic with the same user plane (N3) marking value within a PDU session correspond 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 parameters. The QoS rule consists of QoS profile, packet filters and precedence order. The QoS profile of the QoS rules (including the pre-authorized QoS rules) are provided to the (R)AN over NG2, provided at PDU Session establishment and when PDU session is re-activated. Two ways to control QoS flows are supported:

1) For A-type 5G QoS Flows  all the necessary QoS profile(s) (i.e. 5G QoS Parameters) for all 5G QoS Flows part of PDU Session are sent to (R)AN at time of PDU Session establishment or are pre provisioned and no additional signaling is required at the time traffic for the corresponding 5G QoS Flows start.
2) For B-type 5G QoS Flows all the necessary QoS profile(s) (i.e. 5G QoS Parameters) for each 5G QoS Flow is sent to (R)AN with N2, N7, N11 signaling separately from the PDU session establishment. B-Type 5G QoS Flows can be added or removed dynamically via signaling during the PDU session.  .


NOTE x: The decision on whether to map a particular SDF to A-type 5G QoS Flow or B-type 5G QoS Flow is determined based on PCC rules and Access Type in case of non 3GPP. There can be multiple A-type and/or B-type 5G QoS Flows within a PDU session.
NOTE y: In a 3GPP access, for SDFs where required the QoS profile(s) to be determined dynamically instigating the establishment of B-type 5G QoS Flow is more appropriate since the allocated 5G QoS parameters can be sent at the time of QoS establishment. When QoS establishment is based on pre-established QoS rules mapping to A-type 5G QoS Flows is preferred, since it minimizes signaling. 
NOTE z: In a 3GPP access, it is not prevented to use A-type GBR 5G QoS Flows, but since admission control in (R)AN will be performed at time of PDU Session establishment this could lead to resource waste until the traffic of the SDFs mapped to this 5G QoS Flow starts.
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 is part of the QoS rule. Following characteristics apply for processing of Downlink traffic:

-
UPF maps Service data flow (SDF) to 5G QoS Flows

-
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 other associated 5G QoS parameters, 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 (i.e. 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 CL or Branching point functionality. The (R)AN shall enforce Max BitRate (MBR) limit in UL and DL per UE for flows that do not require guaranteed flow bit rate. The UE performs UL rate limitation on PDU Session basis for non-GBR traffic.

Rate limit enforcement per PDU session applies for 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.

>>>Next Change<<<
5.7.2
5G QoS Parameters

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

Each 5G QoS Flow (GBR and Non-GBR) is uniquely identifiable by a 5G QoS Flow ID 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.


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 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 one-to-one mapping to 5G QoS characteristics as captured 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 via the marking carried in the encapsulation header. The same applies to the N9 interfaces.. 5QI in standardized and non-standardized value range can be used for A-Type or B-Type 5G QoS flows based on PCC decisions.


The ARP shall contain information about the priority level (scalar), the pre-emption capability (flag) and the pre-emption vulnerability (flag). The primary purpose of ARP is to decide whether a 5G QoS Flow establishment request can be accepted or needs to be rejected due to resource limitations (typically available radio capacity for GBR 5G QoS Flows). The priority level information of the ARP is used for this decision to ensure that the request of the 5G QoS Flow with the higher priority level is preferred. In addition, the ARP can be used (e.g. by the RAN) to decide which 5G QoS Flows to drop during exceptional resource limitations (e.g. at handover). The pre-emption capability information of the ARP defines whether a 5G QoS Flow with a lower ARP priority level should be dropped to free up the required resources. Once successfully established, a 5G QoS Flow's ARP shall not have any impact on the packet forwarding treatment in (R)AN (e.g. scheduling and rate control). Such packet forwarding treatment in (R)AN should be solely determined by the other 5G QoS parameters: 5QI, GFBR and MFBR. 

NOTE 2:
The ARP should be understood as "Priority of Allocation and Retention"; not as "Allocation, Retention, and Priority".

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.
>>>Next Change<<<
5.7.3
5G QoS Indicator (5QI) characteristics

This clause specifies the 5G QoS characteristics associated with 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 are not signalled on any interface. Additional QoS parameters, e.g. GFBR, may be signalled.

The Resource Type determines if dedicated network resources related 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.

>>>Next Change<<<
5.7.4
Standardized 5QI to 5QI characteristics mapping

The one-to-one mapping of standardized 5QI values to 5QI characteristics is captured in table 5.7.4-1.

Table 5.7.5-1: Standardized 5QI to 5QI characteristics mapping

	5QI

value
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error
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>>>Next Change<<<
5.7.5
The Reflective QoS

5.7.5.1
General

Support 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 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.

5.7.5.2
UE Reflective QoS Procedures

5.7.5.2.1
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 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 based on the mapped QoS profile of the derived QoS rule.
5.7.5.2.2
Derived QoS Rule

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

-
5QI.

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

Packet filter is derived based on the received DL packet.
5.7.5.3
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 with the 5QI.

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

5.7.5.4
Enabling Reflective QoS Function

5.7.5.4.1
General

Reflective QoS function supports the reflective QoS activation via U-plane and C-plane. The 5GC determines to enable the reflective QoS function via C-plane or U-plane accordingly based on the policies and the type of access.

5.7.5.4.2
Reflective QoS Activation via U-plane

When the 5GC determines to active reflective QoS function via U-plane, the SMF shall include a QoS rule with user plane reflective QoS activation indication to UPF. When the UPF receives a DL packet match to the QoS rule with user plane reflective QoS activation indication, the UPF shall indicate the reflective QoS activation by including an indicator 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.

Typically, the Reflective QoS activation via U-plane is used to avoid out of band signalling (e.g. for some non 3GPP accesses).

5.7.5.4.3
Reflective QoS Activation via C-plane

When the 5GC determines to activate reflective QoS function via C-plane, the SMF shall include an explicit indication RQI in the QoS rule which is sent to UE via N1 interface. When the UE receives a DL packet match to the QoS rule with RQI indication the UE creates a derived QoS rule.

Typically, the Reflective QoS activation via C-plane is used for coarse-grained (e.g. per 5G QoS Flow or per PDU Session).

5.7.5.5
Disabling Reflective QoS Function

5.7.5.5.1
General

The 5GC supports disabling any activate reflective QoS function.

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