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1
Introduction

This document continues the discussion on QoS flow parameter stage 3 work for NGAP and XnAP.
2
Discussion

2.1
relation between 5QI and QFI.
The QFI (QoS Flow ID) is carried in the encapsulation header on NG-U and passed on to the UE (details to be determined in RAN2). The QFI shall be unique within a PDU Session.
The 5QI value is equal to the QFI for standardised 5QI values. 5G QoS characteristics of standardised QFIs are specified in 23.501.
We had discussions at the last meeting whether the QFI would also need to be signalled via the NG-C, hence included in NGAP (and XnAP), however, such is not deducible from the current text in 23.501. If only the 5QI is part of the information provided on NG-C and Xn-C, then the 5QI IE shall be mandatory present.

The numbering space of 5QI and QFI is unclear currently, but it is expected that this is clarify-able soon.

Observation 1 A QFI (QoS Flow ID) is included in the encapsulation header on NG-U and is equal to the 5QI for standardised 5QI values.  So far no (obvious) impact to the current stage 3 definition is seen and is pending further discussions in SA2.
2.2
Non standardised 5QI parameterisation

The current version of 23.501 contains the following QoS flow characteristics
1
Resource Type (GBR or Non-GBR);

2
Priority level;

3
Packet Delay Budget;

4
Packet Error Rate.
23.501 states: The 5G QoS characteristics for 5QI in the non-standardized value range, are signalled over N2, N11 and N7 at the time of the PDU Session or QoS flow establishment.

This is very well reflected in the current stage 2 text for XnAP/NGAP.
RAN2 has agreed on the benefit to provide a new QoS parameter “averaging window” over NG interface. This information may help in RAN scheduling decision.

9.2.x
Non-standardised QoS Flow descriptor
This IE indicates the QoS parameters for a Non-standardised QoS flows for downlink and uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Allocation/Retention Priority
	
	
	
	

	> Resource Type
	M
	
	ENUMERATED(GBR, Non-GBR)
	

	> Priority level
	M
	
	<reference>
	Note: Details are FFS

	> Packet Delay Budget
	M
	
	<reference>
	Note: Details are FFS

	> Packet Error Rate
	M
	
	<reference>
	Note: Details are FFS

	> Averaging window
	M
	
	<reference>
	Note: Details are FFS


Proposal 1 It is proposed to update stage 3 for Non-standardised QoS Flow descriptor accordingly
2.3
Details for ARP

There is quite some detailed description contained in 23.501 already.

The QoS parameter ARP contains information about the priority level, the pre-emption capability and the pre-emption vulnerability. 
This description matches the definition of ARP from EPS.

The priority level is specified as follows:
The priority level defines the relative importance of a resource request. This allows deciding whether a new QoS flow may be accepted or needs to be rejected in case of resource limitations (typically used for admission control of GBR traffic). It may 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 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.

NOTE 2:
This ensures that future releases may use ARP priority level 1-8 to indicate e.g. emergency and other priority services within an operator domain in a backward compatible manner. This does not prevent the use of ARP priority level 1-8 in roaming situation in case appropriate roaming agreements exist that ensure a compatible use of these priority levels.

The pre-emption capability information:
The pre-emption capability information defines whether a service data flow may get resources that were already assigned to another service data flow with a lower priority level. 
The pre-emption vulnerability information:
The pre-emption vulnerability information defines whether a service data flow may 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 shall be either set to 'yes' or 'no'.

This provides already sufficient content to specify the ARP and looks very much like the ARP definition in EPS:

9.2.y
Allocation and Retention Priority

This IE specifies the relative importance of a QoS flow compared to other QoS flows E-RABs for allocation and retention of NG RAN resources.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Allocation/Retention Priority
	
	
	
	

	>Priority Level
	M
	
	INTEGER (1..15)
	Desc.: This IE defines the defines the relative importance of a resource request (see TS 23.501 [7]).

Usage:

Values are ordered in decreasing order of priority, i.e., with 1 as the highest priority and 15 as the lowest priority.
Further usage is defined in TS 23.501 [7].

	>Pre-emption Capability
	M
	
	ENUMERATED(shall not trigger pre-emption, may trigger pre-emption)
	Desc.: This IE indicates the pre-emption capability of the request on other QoS flows
Usage: 

The QoS flow shall not pre-empt other QoS flows or, the QoS flow may pre-empt other QoS flows.
The Pre-emption Capability indicator applies to the allocation of resources for a QoS flow and as such it provides the trigger to the pre-emption procedures/processes of the NG RAN node.

	>Pre-emption Vulnerability
	M
	
	ENUMERATED(not pre-emptable, pre-emptable)
	Desc.: This IE indicates the vulnerability of the QoS flow to preemption of other QoS flows.

Usage:

The QoS flow shall not be pre-empted by other QoS flows or the QoS flow may be pre-empted by other QoS flows.

Pre-emption Vulnerability indicator applies for the entire duration of the QoS flow, unless modified and as such indicates whether the QoS flow is a target of the pre-emption procedures/processes of the NG RAN node.


Proposal 2 It is proposed to update stage 3 for ARP accordingly
2.4
support of reflective QoS in specification work where RAN3 is involved
Reflective QoS aims at reducing out-of-band (C-plane) signalling. 23.501 so far foresees to include an RQI in the NG-U encapsulation header, which is transparently passed towards the UE, triggering the derivation of a reflective QoS rule.

Such mechanism describes the derivation a reflective QoS rule within the UE (on NAS level). Any changes (modification/removal) of such derived QoS rules would need to take place on C-plane level, there is no explicit mechanism discussed so far in SA2.

Overall control of reflective QoS (enabling/disabling) is under discussion in SA2, but it is not expected that this affects AS signalling.

Observation 2 reflective QoS needs support on NG-U, a “Reflective QoS Indication” (RQI) needs to be included in the NG-U encapsulation header.
2.5
Where to specify the NG-U transparent header (carrying QFI and RQI)
There has been no discussion yet on whether to introduce a NG-UP specification (which would be 38.415). Probably we missed that discussions or it is the common understanding that 38.415 is indeed not needed. We propose to have at least a conscious decision on that topic.

From the past we know that not all user plane related protocol information was specified in RAN3 specifications. Part of them are specified on GTP-U: the End Marker (a specific GTP-U message) and PDCP SN for data forwarding at HO for user data for which PDCP SNs have been assigned (defined directly in an extension header).
Given the fact that the “QoS header” would need to appear also in case of data forwarding (such packets that did neither receive a PDAP nor a PDCP header yet), and that such information is transported in a rather (NG-U)-transparent way (the information does not invoke any NG-U protocol functions apart from providing the contained information to the receiving layer/entity), it could be possible to ask CT4 to specify the QoS header as further extension header in TS 29.281.

Observation 3 QFI/RQI could be specified as a (further) extension header in GTP-U.
Proposal 3 It is proposed to discuss how to specify the (QoS) encapsulation header on NG-U

2.6
QoS Notification control (QNC)

QNC, the Notification control may be provided for GBR QoS 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. 

SA2 is still discussing if the QNC should be applicable for non GBR QoS flows.
In RAN3 stage 3 specification, we have at the moment assumed that QNC applies both for the non GBR and GBR QoS flows. One way to align with the SA2 is to move the QNC into the GBR related QoS information element, until further decision in SA2.

Proposal 4 It is proposed to move the Notification Control IE into GBR QoS Flow Information.

3
Conclusion
Observation 1
A QFI (QoS Flow ID) is included in the encapsulation header on NG-U and is equal to the 5QI value.  So far no (solvable) impact to the current stage 3 definition is seen and is pending further discussions in SA2.
Observation 2
reflective QoS needs support on NG-U, a “Reflective QoS Indication” (RQI) needs to be included in the NG-U encapsulation header.
Observation 3
QFI/RQI could be specified as a (further) extension header in GTP-U.


Proposal 1
It is proposed to update stage 3 for  Non-standardised QoS Flow descriptor accordingly

Proposal 2
It is proposed to update stage 3 for ARP accordingly
Proposal 3
It is proposed to discuss how to specify the (QoS) encapsulation header on NG-U Proposal 2
It is proposed to discuss how to specify the (QoS) encapsulation header on NG-U
Proposal 4
It is proposed to move the Notification Control IE into GBR QoS Flow Information.

Text proposal in [1] and [2].
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Annex
A: TP for NG/Xn AP
<<<<<<<<<<<<<<<<<<<< Begin Text Proposal to Xn AP TS 38.423 v0.1.0>>>>>>>>>>>>>>>>>>>>
9.2.1
QoS Flow Level Parameters
This IE defines the QoS to be applied to a QoS flow.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	5QI
	M (FFS)
	
	INTEGER (0..255)
	5G QoS Indicator defined in TS 23.501 [7].

Logical range and coding specified in TS 23.501 [7].
Editor’s Note: Coding is FFS.

Presence is FFS (probably not needed if the Non standardised QoS Flow descriptor is present. Could also be realised as a choice with the Non standardised QoS Flow descriptor.)
	–
	

	Allocation and Retention Priority
	M 
	
	9.2.y
	Note: presence needs to be checked with latest SA2 status.
	–
	

	Non-standardised QoS Flow descriptor
	O
	
	9.2.x
	Note: presence needs to be checked with latest stage 2 status.
	-
	

	GBR QoS Flow Information
	O
	
	9.2.2
	This IE applies to GBR bearers only and shall be ignored otherwise.
	–
	

	
	
	
	
	
	
	


9.2.2
GBR QoS Flow Information

This IE indicates the maximum and guaranteed bit rates of a GBR QoS flows for downlink and uplink.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Maximum Flow Bit Rate Downlink
	M
	
	9.2.3
	Maximum Bit Rate in DL.

Details in TS 23.501 [7].
	–
	–

	Maximum Flow Bit Rate Uplink
	M
	
	9.2.3
	Maximum Bit Rate in UL.

Details in TS 23.501 [7].
	–
	–

	Guaranteed Flow Bit Rate Downlink
	M
	
	9.2.3
	Guaranteed Bit Rate (provided that there is data to deliver) in DL.

Details in TS 23.501 [7].
	–
	–

	Guaranteed Flow Bit Rate Uplink
	M
	
	9.2.3
	Guaranteed Bit Rate (provided that there is data to deliver).

Details in TS 23.501 [7].
	–
	–

	Notification Control
	O
	
	ENUMERATED {notification requested, ...}
	Editor’s Note: Details to be checked with SA2 progress.
	-
	


9.2.3
Bit Rate

This IE indicates the number of bits delivered by NG RAN in UL or to NG RAN in DL within a period of time, divided by the duration of the period. It is used, for example, to indicate the maximum or guaranteed bit rate for a GBR QoS flow, or an aggregated maximum bit rate.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Bit Rate
	M
	
	INTEGER (0..<tbd>)
	The unit is: bit/s
Editor’s Note: Range is FFS


9.2.x
Non-standardised QoS Flow descriptor
This IE indicates the QoS parameters for a Non-standardised QoS flows for downlink and uplink.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Allocation/Retention Priority
	
	
	
	

	> Resource Type
	M
	
	ENUMERATED(GBR, Non-GBR)
	

	> Priority level
	M
	
	<reference>
	Note: Details are FFS

	> Packet Delay Budget
	M
	
	<reference>
	Note: Details are FFS

	> Packet Error Rate
	M
	
	<reference>
	Note: Details are FFS

	> Averaging window
	M
	
	<reference>
	Note: Details are FFS


9.2.y
Allocation and Retention Priority

This IE specifies the relative importance of a QoS flow compared to other QoS flows E-RABs for allocation and retention of NG RAN resources.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Allocation/Retention Priority
	
	
	
	

	>Priority Level
	M
	
	INTEGER (1..15)
	Desc.: This IE defines the defines the relative importance of a resource request (see TS 23.501 [7]).

Usage:

Values are ordered in decreasing order of priority, i.e., with 1 as the highest priority and 15 as the lowest priority.

Further usage is defined in TS 23.501 [7].

	>Pre-emption Capability
	M
	
	ENUMERATED(shall not trigger pre-emption, may trigger pre-emption)
	Desc.: This IE indicates the pre-emption capability of the request on other QoS flows

Usage: 

The QoS flow shall not pre-empt other QoS flows or, the QoS flow may pre-empt other QoS flows.

The Pre-emption Capability indicator applies to the allocation of resources for a QoS flow and as such it provides the trigger to the pre-emption procedures/processes of the NG RAN node.

	>Pre-emption Vulnerability
	M
	
	ENUMERATED(not pre-emptable, pre-emptable)
	Desc.: This IE indicates the vulnerability of the QoS flow to preemption of other QoS flows.

Usage:

The QoS flow shall not be pre-empted by other QoS flows or the QoS flow may be pre-empted by other QoS flows.

Pre-emption Vulnerability indicator applies for the entire duration of the QoS flow, unless modified and as such indicates whether the QoS flow is a target of the pre-emption procedures/processes of the NG RAN node.


<<<<<<<<<<<<<<<<<<<< End Text Proposal  >>>>>>>>>>>>>>>>>>>>
Annex B:
Quotation from TS 23.501 v1.0.0
<<<<<<<<<<<<<<<<<<<< Begin Quotation >>>>>>>>>>>>>>>>>>>>
5.7
QoS model

5.7.1
General Overview
The 5G QoS model supports a 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 (see clause 5.7.5).

The QoS flow is the finest granularity of QoS differentiation in the PDU session. A QoS Flow ID (QFI) is used to identify a QoS flow in the 5G system. User Plane traffic with the same QFI within a PDU session receives the same traffic forwarding treatment (e.g. scheduling, admission threshold). The QFI is carried in an encapsulation header on N3 (and N9) 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, unstructured PDUs and Ethernet frames. The QFI shall be unique within a PDU session.

NOTE 1:
Policing of User Plane traffic (e.g. MFBR enforcement) is not regarded as QoS differentiation and is done by UPFs on an SDF level granularity.
Each QoS flow (GBR and Non-GBR) is associated with the following QoS parameters (parameter 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;

-
Maximum Flow Bit Rate (MFBR) - UL and DL;

-
Notification control.

Each Non-GBR QoS flow may in addition be associated with the following QoS parameter (details are described in clause 5.7.2):

-
Reflective QoS Attribute (RQA).

Two ways to control QoS flows are supported:

1)
For non-GBR QoS flows with standardized 5QIs, the 5QI value is used as QFI as defined in clause 5.7.4 and a default ARP is used. In this case no additional N2 signalling is required at the time traffic for the corresponding QoS flows start; or
2)
For GBR and non-GBR QoS flows, all the necessary QoS Parameters corresponding to a QFI are sent as QoS profile to (R)AN, UPF either at PDU Session establishment or QoS flow establishment/modification.

Editor's note:
Whether beyond the standardized 5QIs, also pre-configured 5QI values can be further used as QFI values is FFS.

The QoS parameters of a QoS flow are provided to the (R)AN as a QoS profile over N2 at PDU Session or at QoS flow establishment and when NG-RAN is used at every time the User Plane is activated. QoS parameters may also be pre-configured in the (R)AN for non-GBR QoS flows (i.e. without the need to be signalled over N2).

The UE performs the classification and marking of UL User plane traffic, i.e. the association of uplink traffic to QoS flows, based on QoS rules. These rules may be explicitly signaled over N1 (at PDU Session establishment or QoS flow establishment), pre-configured in the UE or implicitly derived by UE from reflective QoS. A QoS rule contains a QoS rule identifier, the QFI of the QoS flow, one or more packet filters and a precedence value. There can be more than one QoS rule associated with the same QFI (i.e. with the same QoS flow).

A default QoS rule is required for every PDU session. The default QoS rule is the only QoS rule of a PDU session that may contain no packet filter (in this case, the highest precedence value (i.e. lowest priority) has to be used). If the default QoS rule does not contain a packet filter, the default QoS rule defines the treatment of packets that do not match any other QoS rule in a PDU session.

Editor's note:
It is FFS whether there, in addition, is a need for pre-authorized QoS rules be provided to the UE.
The SMF allocates the QFI for every QoS flow and derives its QoS parameters from the information provided by the PCF. When applicable, the SMF provides the QFI together with the QoS profile containing the QoS parameters of a QoS flow to the (R)AN. The SMF provides the SDF template (i.e. the set of packet filters associated with the SDF received from the PCF) together with the SDF precedence and the corresponding QFI to the UPF enabling classification and marking of User Plane traffic. When applicable, the SMF generates the QoS rule(s) for the PDU Session by allocating QoS rule identifiers, adding the QFI of the QoS flow, setting the packet filter(s) to the UL part of the SDF template and setting the QoS rule precedence to the SDF precedence. The QoS rules are then provided to the UE enabling classification and marking of UL User Plane traffic.

Editor's note:
Some applications, e.g. IMS, require also the DL part of the SDF template in the QoS rule. Whether the DL of the SDF template has to be sent for every QoS rule is FFS.
The principle for classification and marking of User Plane traffic and mapping of QoS Flows to AN resources is illustrated in Figure 5.7.1-1.
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Figure 5.7.1-1: The principle for classification and User Plane marking for QoS Flows and mapping to AN Resources

In DL incoming data packets are classified based on SDF templates according to their SDF precedence (without initiating additional N4 signalling).. The CN conveys the classification of the User Plane traffic belonging to a QoS flow through an N3 (and N9) User Plane marking using a QFI. The AN binds QoS flows to AN resources (i.e. Data Radio Bearers in case of in case of 3GPP RAN). There is no strict 1:1 relation between QoS flows and AN resources. It is up to the AN to establish the necessary AN resources to map the QoS flows to DRBs  so that the UE receives the QFI (and reflective QoS (see clause 5.7.5) may be applied).

In UL, the UE evaluates UL packets against the packet filters in the QoS rules based on the precedence value of QoS rules in increasing order until a matching QoS rule (i.e. whose packet filter matches the UL packet) is found. The UE uses the QFI in the corresponding matching QoS rule to bind the UL packet to a QoS Flow. The UE then binds QoS flows to AN resources.

If no match is found and the default QoS rule contains one or more uplink packet filters, the UE shall discard the uplink data packet.

The following characteristics apply for processing of Downlink traffic:

-
UPF maps User Plane traffic to QoS flows based on the SDF templates

-
UPF performs 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 the QFI in the encapsulation header. In addition, UPF may include an indication for reflective QoS activation in the encapsulation header.

-
UPF performs transport level packet marking in downlink, e.g. setting the DiffServ Code point in outer IP header. Transport level packet marking may be based on the 5QI and ARP of the associated QoS flow.

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

NOTE 2:
Packet filters are not used for binding of 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 QFI of the derived QoS rule is is set according to the QFI of the DL packet.

Following characteristics apply for processing of uplink traffic:

-
UE uses the stored QoS rules to determine mapping between UL User Plane traffic and QoS flows. 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 QFI value, which is included in the encapsulation header of the UL PDU, and selects the N3 tunnel.

-
(R)AN performs transport level packet marking in the uplink, transport level packet marking may be based on the 5QI and ARP of the associated QoS Flow.

-
UPF verifies whether QFIs in the UL PDUs are aligned with the QoS Rules provided to the UE or implicitly derived by the UE (e.g. in case of reflective QoS).
-
UPF performs Session-AMBR enforcement and counting of packets for charging.

For UL Classifier PDU sessions, UL and DL Session-AMBR shall be enforced in the UPF that supports the UL Classifier functionality. In addition, the DL Session-AMBR shall be enforced separately in every UPF that terminates the N6 interface (i.e. without requiring interaction between the UPFs) (see clause 5.6.4).

For multi-homed PDU sessions, UL and DL Session-AMBR shall be enforced in the UPF that supports the Branching Point functionality. In addition, the DL Session-AMBR shall be enforced separately in every UPF that terminates the N6 interface (i.e. without requiring interaction between the UPFs) (see clause 5.6.4).

NOTE 3:
The DL Session-AMBR is enforced in every UPF terminating the N6 interface to reduce unnecessary transport of traffic which may be discarded by the UPF performing the UL Classifier/Branching Point functionality due to the amount of the downlink traffic for the PDU session exceeding the DL Session-AMBR.
The (R)AN shall enforce Max BitRate (UE-AMBR) limit in UL and DL per UE for non-GBR QoS flows. The UE shall perform UL rate limitation on PDU Session basis for non-GBR traffic using Session-AMBR, if the UE receives a session-AMBR.

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

The QoS control for Unstructured PDUs is performed at the PDU session level. When a PDU session is set up for transferring unstructured PDUs, SMF provides the QFI which will be applied to any packet of the PDU session to the UPF and UE.
Editor's note:
Whether and how the QoS flow level QoS control is supported for unstructured PDUs is FFS.

5.7.2
5G QoS Parameters

A 5QI is a scalar that is used as a reference to 5G QoS characteristics defined in clause 5.7.4, i.e. 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.).

The 5QI in the standardized value range have one-to-one mapping to a standardized combination of 5G QoS characteristics as specified in Table 5.7.4-1.

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.

NOTE 1:
On N3, each PDU (i.e.. in the tunnel used for the PDU session) is associated with one 5QI via the QFI carried in the encapsulation header.

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 may be accepted or needs to be rejected in case of resource limitations (typically used for admission control of GBR traffic). It may 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 may 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 may 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 shall 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.

NOTE 2:
This ensures that future releases may use ARP priority level 1-8 to indicate e.g. emergency and other priority services within an operator domain in a backward compatible manner. This does not prevent the use of ARP priority level 1-8 in roaming situation in case appropriate roaming agreements exist that ensure a compatible use of these priority levels.

The Reflective QoS Attribute (RQA) is an optional parameter that is signalled to UE via N1 when Reflective QoS control via Control plane is used, as described in clause 5.7.5.4.3. The RQA is signalled on a QoS Flow basis.

In addition, the QoS flow may be associated with the parameter:

-
Notification control.

The Notification control may be provided for GBR QoS 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.

Editor's note:
It is FFS whether the Notification control is needed for non GBR QoS flows.

For GBR 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 may be expected to be provided by a GBR QoS flow. The MFBR limits the bit rate that may be expected to be provided by a GBR 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 QoS Flows for setting up the 5G QoS profile.

The MBR per SDF, based on the information received from PCF, is signalled on N7 and N4.

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 , which is signalled on N4 to the appropriate UPF entity/ies. 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.

Each UE is associated with the following aggregate rate limit QoS parameter:

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

The UE-AMBR limits the aggregate bit rate that can be expected to be provided across all Non-GBR QoS flows of a UE. Each (R)AN shall set its UE-AMBR to the sum of the Session-AMBR of all PDU Sessions with active user plane to this (R)AN up to the value of the subscribed UE-AMBR.  The subscribed UE-AMBR is a subscription parameter which is retrieved from UDM and provided to the (R)AN by the AMF and the Session-AMBR is provided to the (R)AN by the SMF.

5.7.3
5G QoS characteristics

This clause specifies the 5G QoS characteristics associated with 5QI. The characteristics describe the packet forwarding treatment that a 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 setting node specific parameters for each QoS flow e.g. for 3GPP radio access link layer protocol configurations.

The 5G QoS characteristics for 5QI in the standardized value range are not signalled on any interface.

The 5G QoS characteristics for 5QI in the non-standardized value range, are signalled over N2, N11 and N7 at the time of the PDU Session or QoS flow establishment.

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 QoS Flow are therefore typically authorized "on demand" which requires dynamic policy and charging control. A Non GBR 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 UPF that terminates the N6 interface.. 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.

5.7.4
Standardized 5QI to QoS characteristics mapping

The one-to-one mapping of standardized QFI & 5QI values to 5G QoS characteristics is specified in table 5.7.4-1.

Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping

	5QI

Value & QFI
	Resource Type
	Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Example Services

	1

	
GBR
	20
	100 ms
	10-2
	Conversational Voice

	2

	
	40
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	30
	50 ms
	10-3
	Real Time Gaming, V2X messages

	4

	
	50
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	65
	
	7
	75 ms
	
10-2
	Mission Critical user plane Push To Talk voice (e.g., MCPTT)

	66

	
	
20
	100 ms
	
10-2
	Non-Mission-Critical user plane Push To Talk voice

	75
	
	25
	50 ms
	10-2
	V2X messages

	5
	Non-GBR
	10
	100 ms
	10-6
	IMS Signalling

	6
	
	
60
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
70
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	
80
	
300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
	
	90
	
	
	sharing, progressive video, etc.)

	69
	
	5
	60 ms
	10-6
	Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)

	70
	
	55
	200 ms
	10-6
	Mission Critical Data (e.g. example services are the same as QCI 6/8/9)

	79
	
	65
	50 ms
	10-2
	V2X messages

	
	
	
	
	
	

	


Editor's note:
It is starting point for definition for Standardized 5QI to QoS characteristics mapping, this table will be extended/updated to support service requirement for 5G, e.g. ultra low latency service.

5.7.5
Reflective QoS

5.7.5.1
General

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

A UE not supporting Reflective QoS shall ignore any indication of Reflective QoS.
5.7.5.2.2
UE Derived QoS Rule

The UE derived QoS rule contains following parameters:

-
Packet Filter

-
QFI

-
precedence value.

The UL packet filter is derived based on the received DL packet.

When Reflective QoS is activated via User Plane the precedence value for all derived QoS rules is set to a standardised value.

Editor's note:
When Reflective QoS is activated via User Plane it is FFS whether and how the standardised value is overridden by a new value on per-PDU Session basis.

When Reflective QoS is controlled via Control Plane the precedence value for a derived QoS rule within the scope of the Control Plane activation (i.e. QoS Flow, PDU Session) is set to a value that is signalled via the Control Plane.
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 together with the QFI.

5.7.5.4
Reflective QoS Control

5.7.5.4.1
General

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

5.7.5.4.2
Reflective QoS Control via User Plane

Reflective QoS is controlled via User Plane on per-packet basis by using the RQI in the encapsulation header on N3 reference point together with the QFI, together with a Reflective QoS Timer (RQ Timer) value that is either signaled to the UE upon PDU Session establishment or set to a default value.

NOTE:
It is up to Stage 3 to define the RQ Timer values.

When the 5GC determines to control reflective QoS via User Plane for specific SDF, the SMF shall include an indication in the corresponding SDF information provided to the UPF via N4 interface. For DL packets corresponding to this SDF, the UPF may set the RQI bit in the encapsulation header on the N3 reference point.

Upon reception of a DL packet that is subject to Reflective QoS the UE creates a UE derived QoS rule and starts a timer set to the RQ Timer value. If there is already an existing UE derived QoS rule with the same packet filter the UE restarts the timer for this UE derived QoS rule.

NOTE:
The Reflective QoS activation via User Plane is used to avoid out-of-band signalling (e.g. for some non 3GPP accesses).

Editor's note:
RAN WG2 needs to define how the N3 indication that downlink packet is subject to Reflective QoS is conveyed to UE over the radio interface. Depending on the RAN WG2 solution, the RAN may need to be instructed which QoS flows are subject to Reflective QoS. How and when this is done is FFS.

Editor's note:
It is FFS how to minimize the processing burden incl. impact of multiple RQ Timers in the UE for Reflective QoS.

Editor's note:
Whether other means to deactivate Reflective QoS are needed is FFS

Upon timer expiry associated with a UE derived QoS rule the UE deletes the corresponding UE derived QoS rule.

5.7.5.4.3
Reflective QoS Control via Control Plane

Reflective QoS is controlled via Control Plane on per-QoS flow basis. Upon QoS flow establishment the UE is provided with a Reflective QoS Timer (RQ Timer) value that is specific to the QoS flow.

When the 5GC determines to control reflective QoS via Control Plane, the SMF shall include the Reflective QoS Attribute (RQA) in the QoS flow parameters which are sent to the UE via N1 interface.

When the UE receives a DL packet on a QoS Flow for which the RQA is set RQI the UE creates a UE derived QoS rule and starts a timer set to the RQ Timer value. If there is already an existing UE derived QoS rule with the same packet filter the UE restarts the timer for this UE derived QoS rule.

Upon timer expiry associated with a UE derived QoS rule the UE deletes the corresponding UE derived QoS rule.

NOTE:
The Reflective QoS control via ControlPlane is used for coarse-grained control (i.e per QoS flow).

Editor's note:
whether other means to deactivate Reflective QoS are needed is FFS.
Editor's note:
It is FFS how to minimize the impact on the UE of multiple RQ Timers.
<<<<<<<<<<<<<<<<<<<< End Quotation  >>>>>>>>>>>>>>>>>>>>
PAGE  
1

_1550221779.doc

[image: image8.png]





CN_UP







AN







UE







Data packets from applications







“NAS” filters



(mapping packets�to QoS flows and apply marking)







Mapping flows 



to DRBs







Packets marked with “QoS Flow ID” 







PDU session







Packet filters classify packets to SDFs 







Application /Service Layer







AN Resources











[image: image1][image: image2.png]o




[image: image3.png]



[image: image4.png]



[image: image5.png]



[image: image6.png]



[image: image7.png]




