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1. Abstract

This paper analyzes QoS parameters of 5GC and proposes the stage-3 coding for the QoS parameters.
2. Discussion
2.1 Stage-2 requirements
TS 23.501 v0.3.1 contains the 5G QoS model in subclause 5.7. 

This 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 QoS flow is the finest granularity of QoS differentiation in the PDU session. 
Each QoS flow (GBR and Non-GBR) is associated with the following QoS parameters (details are described in clause 5.7.2):

-
5G QoS Indicator (5QI),

-
Allocation and Retention Priority (ARP).

Each GBR QoS flow is in addition associated with the following QoS parameters (details are described in clause 5.7.2):

-
Guaranteed Flow Bit Rate (GFBR) - UL and DL (for GBR QoS flow only); 
-
Maximum Flow Bit Rate (MFBR) - UL and DL (for GBR QoS flow only);

-
Notification control (for GBR QoS flow only).

For Downlink traffic, the UPF maps Service data flow (SDF) to QoS flows.

For Uplink traffic, the UE determines mapping between SDFs and QoS flow(s). 
TS 23.501v0.3.1 also indicates that the MBR per SDF is mandatory for GBR QoS flows but optional for non-GBR 5G QoS flows. The MBR is enforced in the UPF.
TS 23.501v0.3.1 also includes Annex A as an informative annex that includes the details of the 5G Policy Framework. 

According to this Policy Framework, the PCF is the Policy Control Function that provides Rules for application and service data flow detection, gating, QoS and flow based charging to the PCEF.
Observation-1: The PCF provides Rules that include the QoS information related to a Service Data Flow.
Observation-2: A Service Data Flow is associated with a QoS flow and can be a GBR or Non-GBR Service Data Flow.

Observation-3. A GBR Service Data Flow is associated with the following QoS parameters: 5QI, ARP, GBR, MBR and Notification control.

Observation-4. A Non-GBR Service Data Flow is associated with the following QoS parameters: 5QI, ARP and MBR.
Conclusion-1: QoS information related to a Service Data Flow in 5G is semantically similar to the QoS information related to a Service Data Flow in EPC. 
The 5QI in the standardized value range have one-to-one mapping to a standardized combination of 5G QoS characteristics as specified in Table 5.7.5-1 of TS 23.501 v0.3.1. At this stage, according to that table values 1,2,3,4, 65 and 66 are identified as Non-GBR 5QIs. Values 7,8, 9, 69 and 70 are identified as GBR 5QIs. The ambition is to extend that list at least to the QCI values defined in TS 23.203.
Observation-6. Values 1,2,3,4, 65 and 66 are identified as Non-GBR 5QIs. Values 7,8, 9, 69 and 70 are identified as GBR 5QIs. It is expected that this list is extended to support at least the QCI values defined in TS 23.203.
Conclusion-2: Semantics for standardized 5GI values is similar to semantics for QCI values defined in EPC with a limited list of defined values.
For non-standardized combinations of 5G QoS characteristics, a 5QI value from the non-standardized value range together with the 5G QoS characteristics are signalled over N2, N11 and N7 at the time of PDU session or QoS flow establishment.
The semantics of a 5G QoS characteristics associated with 5QI is similar to the semantic of the QCI of EPS as defined in 3GPP TS 23.203. It includes:
1
Resource Type (GBR or Non-GBR);

2
Priority level;

3
Packet Delay Budget;

4
Packet Error Rate.

Conclusion-3: The QoS information related to a Service Data Flow shall include QoS characteristics related to Resource Type, Priority level, Packet Delay Budget and Packet Error Rate for non-standardized 5QIs. 
The QoS parameter ARP contains information about the priority level, the pre-emption capability and the pre-emption vulnerability. The priority level defines the relative importance of a resource request. This allows deciding whether a new QoS flow can be accepted or needs to be rejected in case of resource limitations (typically used for admission control of GBR traffic). It can also be used to decide which existing QoS flow to pre-empt during resource limitations.

The range of the ARP priority level is 1 to 15 with 1 as the highest level of priority. The pre-emption capability information defines whether a service data flow can get resources that were already assigned to another service data flow with a lower priority level. The pre-emption vulnerability information defines whether a service data flow can lose the resources assigned to it in order to admit a service data flow with higher priority level. The pre-emption capability and the pre-emption vulnerability can be either set to 'yes' or 'no'.

The ARP priority levels 1-8 should only be assigned to resources for services that are authorized to receive prioritized treatment within an operator domain (i.e. that are authorized by the serving network). The ARP priority levels 9-15 may be assigned to resources that are authorized by the home network and thus applicable when a UE is roaming.

Conclusion-4: Semantics for Priority Level, Pre-Emption Capability and Pre-Emption Vulnerability is similar to semantics of the ARP defined in EPC. 
In addition to the described QoS information, the Notification control may be provided for GBR Service Data Flows. The Notification control indicates whether notification should be made by the RAN if the QoS targets cannot be fulfilled for a QoS flow during the lifetime of the QoS flow. If it is set and QoS targets cannot be fulfilled, RAN sends a notification towards SMF. 

Conclusion-5: The PCF should provide notification control for the GBR Service Data Flows.
In addition to the QoS information associated to a Service Data Flow, each PDU Session of a UE is associated with the following aggregate rate limit QoS parameter:

-
per Session Aggregate Maximum Bit Rate (Session-AMBR).

The subscribed Session-AMBR is a subscription parameter which is retrieved from UDM. SMF may use the subscribed Session-AMBR or modify it based on local policy or use the authorized Session-AMBR received from PCF to get the Session-AMBR.  The Session-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GBR QoS flows for a specific PDU session.

Observation-5: The PCF provides the SMF with the Aggregate Maximum Bit Rate for a PDU Session.  Aggregate Maximum Bit Rate is not provided at DDN level.
Conclusion-6: The AMBR provided by the PCF shall be at PDU session level instead of at DDN (APN in EPC) level. 
3. Conclusions

Conclusion-1: QoS information related to a Service Data Flow in 5G is semantically similar to the QoS information related to a Service Data Flow in EPC.

Conclusion-2: Semantics for standardized 5GI values is similar to semantics for QCI values defined in EPC with a limited list of defined values.

Conclusion-3: The QoS information related to a Service Data Flow shall include QoS characteristics related to Resource Type, Priority level, Packet Delay Budget and Packet Error Rate for non-standardized 5GIs.
Conclusion-4: Semantics for Priority Level, Pre-Emption Capability and Pre-Emption Vulnerability is similar to semantics of the ARP defined in EPC. 

Conclusion-5: The PCF should provide notification control for the GBR Service Data Flows.
Conclusion-6: The AMBR provided by the PCF shall be at PDU session level instead of at DDN (APN in EPC) level. 
4. Proposal

It is proposed to discuss the above observations and conclusions.

It is proposed to agree on the above observations and proposals in the PCR C3-17ABCD.
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