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1. Introduction
As part of the stage 2 normative work on 5GS Phase 1 that was started at SA2#118bis (January 2017), SA2 has been working on the definition of a new QoS model for 5GS. RAN2 has also been working on the RAN aspects of this topic as part of the NR study.

The purpose of this document is to analyse the expected CT impacts of the new 5GS QoS model defined by SA2 and of the associated RAN aspects, as well as to identify the items that CT WGs will need to study and/or specify.
2. Status of SA2 progress on 5GS QoS specification
In TS 23.501 [1] subclause 5.7, SA2 has captured the following agreements:

QoS model:

· The 5G QoS model supports QoS flow-based framework, for both QoS flows that require GFBR (Guaranteed Flow Bit Rate) and QoS flows that do not require GFBR

· A QoS flow is the finest granularity of QoS differentiation in the PDU session and is identified by a QFI (QoS Flow ID)
· User plane traffic for the QoS flow is “marked” with the QFI by adding the QFI in an “encapsulation header” added to the end-to-end packet

· All traffic marked with the same QFI within a PDU session receives the same forwarding treatment
QoS parameters:

· A QoS profile consists of the following QoS parameters
· For both GFBR and non-GFBR flows:

· 5QI (5G QoS Indicator)

· This is a scalar used as a reference to access node-specific parameters that control QoS forwarding treatment for the QoS flow (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.). It is similar to the QCI used in EPC.
· ARP (Allocation and Retention Priority)

· The definition of this parameter is very similar to that of ARP in EPC

· Additionally, only for GFBR flows:

· GFBR for UL and DL

· MFBR (Maximum Flow Bit Rate) for UL and DL

· Notification Control

· This parameter indicates whether notification should be made by the (R)AN if the QoS targets cannot be fulfilled for a QoS flow during the lifetime of the QoS flow
· There are 2 ways to apply QoS:
· QoS profiles and corresponding QFI are provided by the CN to the (R)AN over the N2 interface at PDU session establishment or QoS flow establishment 

· QoS profiles are allocated a standardized QFI value which maps to a specific 5QI and default ARP. In this case no signalling over N2 is required at the time when the QoS flow starts (since the QFI in each packet indicates the 5QI and ARP to apply)
QoS rules:

· A QoS rule consists of the following parameters:

· QFI of the QoS flow

· Packet filters and associated evaluation precedence indexes
· The QoS rules at the UE for the classification and marking of UL traffic are either:

· explicitly provided by the network to the UE over the N1 interface;
· pre-configured at the UE; or
· derived by the UE from reflective QoS.
· A default QoS rule is provided to the UE at PDU session establishment, and additional QoS rules may also be provided to the UE at QoS flow establishment

Reflective QoS:

· Reflective QoS can be activated by the 5G core network:

· via the control plane, by having the SMF (Session Management Function) include an RQI (Reflective QoS Indication) in the QoS rule sent to the UE over N1; or

· via the user plane, by having the SMF include a QoS rule with an indication to the UPF to activate reflective QoS. When the UPF receives a DL packet that matches this QoS rule, the UPF includes an RQI (Reflective QoS Indication) along with the QFI in the encapsulation header.

· When the UE receives a DL packet that matches a QoS rule including an RQI (control plane activation) or when the UE receives a DL packet with an RQI in the encapsulation header (user plane activation), the UE derives a QoS rule (to be applied to the UL traffic) based on the received DL traffic. The QoS rule consists of:

· a QFI (same as that of the received DL traffic)

· an UL packet filter constructed by the UE based on the received DL packets

· an evaluation precedence index
· If reflective QoS was activated via the control plane, the evaluation precedence index is sent to the UE via N1

· If reflective QoS was activated via the user plane, the evaluation precedence index is set to a standardized value

NOTE: The procedure to disable reflective QoS is currently FFS in SA2.

Processing of DL traffic:

· The UPF (User Plane Function) maps SDFs (Service Data Flows) to QoS flows using packet filters, and marks the traffic for each QoS flow with a QFI in the encapsulation header.
· The UPF performs PDU counting for support of charging.
· The UPF performs transport level packet marking in DL, e.g. setting the DiffServ Code point in the outer IP header. Transport level packet marking can be based on the 5QI and ARP of the associated QoS flow.
· The UPF transmits the resulting PDUs in a single tunnel between the 5G core network and the (R)AN
· The (R)AN maps PDUs from QoS flows to access-specific resource based on the QFI of each QoS flow and the associated QoS profile. There is no one-to-one mapping between a (R)AN access-specific resource - e.g. DRB (Data Radio Bearer) for 3GPP RAN - and a QoS flows, i.e. multiple QoS flows can be multiplexed onto the same access-specific resource.
· If reflective QoS applies, the UE derives a QoS rule based on the received DL traffic.
Processing of UL traffic:
· The UE maps SDFs to QoS flows using the stored QoS rules, by applying the packet filters from each QoS rules with the associated evaluation precedence index until a match is found (the procedure for the UE to evaluate for a match between a PDU and a packet filter is the same as for EPC), and marks the traffic for each QoS flow with the QFI of the QoS rule which contains the packet filter for which there was a match.
· The (R)AN selects an N3 tunnel based on the QFI in the encapsulation header of each PDU, performs transport level marking based on 5QI and ARP of the QoS profile associated with the QFI, and passes the PDUs to the UPF over the appropriate N3 tunnel.
· The UPF verifies whether the QFIs in the UL PDUs are aligned with the QoS rules provided to the UE.
· The UPF performs PDU counting for support of charging.
AMBR (Aggregate Maximum Bit Rate):

· The Session-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GFBR QoS flows for a specific PDU session. It is enforced at the UPF for the DL and the UL. Additionally, the UE performs UL rate limitation on a PDU session basis for non-GFBR traffic using Session-AMBR, if the UE has received a PDU session AMBR.

· Each UE is associated with a UE-AMBR, which limits the aggregate bit rate that can be expected to be provided across all Non-GFBR QoS flows of a UE. The (R)AN enforces the UE-AMBR limit in the UL and DL per UE for non-GFBR QoS flows.

3. Status of RAN2 progress on NR QoS specification
In TR 38.804 [2] subclause 5.4.5, RAN2 has captured the decision to create a new AS sublayer whose functions include:

· Mapping between a QoS flow and a DRB; and
· Marking QoS flow ID in both DL and UL packets

Additionally, in TR 38.804 [2] subclause 8, RAN2 has described the QoS architecture for NR connected to 5G core network, with the following agreements:
· NAS level packet filters in the UE and in the 5G core network associate UL and DL packets with QoS Flows
· In the UL, the RAN may control the mapping of QoS Flows to DRB in 2 different ways:
· Reflective mapping: for each DRB, the UE monitors the QoS flow ID(s) of the DL packets and applies the same mapping in the UL; that is, for a DRB, the UE maps the UL packets belonging to the QoS flows(s) corresponding to the QoS flow ID(s) and PDU Session observed in the DL packets for that DRB. To enable this reflective mapping, the RAN marks DL packets over Uu with the QoS flow ID.
NOTE:
It is FFS in RAN2 whether the marking with a QFI can be semi-statically configured (to not include the QFI when not needed).
· Explicit Configuration: the RAN may configure an UL “QoS Flow to DRB mapping” via RRC signalling
· If an incoming UL packet matches neither an RRC configured nor a reflective “QoS Flow ID to DRB mapping”, the UE shall map that packet to the default DRB of the PDU session.
4. Analysis of CT1 impacts

Table 4.1 contains an analysis of the items CT1 will need to specify, based on the agreements summarized in sections 2 and 3. Each line item also contains an assessment of whether there is a need for CT1 to study particular aspects, or whether the CT1 work can proceed directly to normative specification.
Table 4.1: Analysis of CT1 impacts
	Item #
	Description
	Requires CT1 study?
	Potential study topics and considerations

	1
	Format and encoding of QoS rule (QFI, packet filter, evaluation precedence index, and optionally RQI)
	Yes
	- Range of QFI needs discussion
- Whether format of packet filter as specified in Traffic Flow Aggregate IE for EPC needs extension should be studied

	2
	Signaling of QoS rule to the UE over N1
	Yes
	Should be part of PDU session establishment / QoS flow establishment procedures

	3
	Pre-provisioning of QoS rule to the UE
	Yes
	Alternatives for pre-provisioning (OMA-DM, over the top, etc) should be discussed

	4
	Activation of reflective QoS via the control plane
	Yes
	CT1 needs to define how the RQI is included in a QoS rule sent to the UE over N1, as part of PDU session establishment/QoS flow establishment procedures

	5
	Activation of reflective QoS via the user plane
	Yes
	Based on RAN2 agreement, the new AS sublayer will handle the encapsulation header including the in-band RQI. CT1 needs to define the AS-NAS interaction for the AS to notify NAS that reflective QoS is activated.

	6
	Derivation of QoS rule at the UE based on DL traffic for reflective QoS
	Yes
	Rules for the UE to construct an UL packet filter based on DL traffic need to be defined

	7
	Marking of UL user plane traffic with QFI
	Yes
	Based on RAN2 agreements, the new AS sublayer will include the QFI in the encapsulation header. The QFI is to be determined by NAS based on QoS rule match. So NAS needs to provide the QFI info to the AS with each PDU


5. Analysis of CT3 impacts

Table 5.1 contains an analysis of the items CT3 will need to specify, based on the agreements summarized in sections 2 and 3. Each line item also contains an assessment of whether there is a need for CT3 to study particular aspects, or whether the CT3 work can proceed directly to normative specification.

Table 5.1: Analysis of CT3 impacts
	Item #
	Description
	Requires CT3 study?
	Potential study topics and considerations

	1
	Mapping of SDFs (Service Data Flows) to QoS flows at the UPF
	Yes
	

	2
	Marking of DL user plane traffic with QFI in encapsulation header for each QoS flow
	Yes
	Format of encapsulation carried over N3 needs to be defined. CT3 needs to discuss whether its format should be the same as that of the encapsulation header handled by the RAN2 new AS sublayer.

	3
	PDU counting for charging support at the UPF
	No
	Should be similar to procedures in EPC

	4
	Transport level packet marking of downlink traffic at the UPF
	Yes
	Alternatives (DSCP, etc) need to be discussed

	5
	Verification at UPF of whether the QFIs in the UL PDUs are aligned with the QoS rules provided to the UE
	Yes
	

	6
	Enforcement of Session-AMRB at UPF
	No
	Should be similar to procedures in EPC

	7
	Documentation of 5QI values in stage 3
	No
	Should be similar to documentation of QCI in EPC


6. Analysis of CT4 impacts

Table 6.1 contains an analysis of the items CT4 will need to specify, based on the agreements summarized in sections 2 and 3. Each line item also contains an assessment of whether there is a need for CT4 to study particular aspects, or whether the CT4 work can proceed directly to normative specification.

Table 6.1: Analysis of CT4 impacts
	Item #
	Description
	Requires CT4 study?
	Potential study topics and considerations

	1
	Interactions between the SMF and the UPF over N4 for configuration of QoS rules at the UPF
	Yes
	- How much of Sx can be reused for N4

- Protocol selection for N4
- Format and encoding of QoS rules provided by SMF to UPF

	2
	Interactions between the SMF and the UPF over N4 for activation of reflective QoS via the user plane
	Yes
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