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Introduction
In R2-1704377, RAN2 provided feedback on QoS parameters. They pointed out that the usage of notification control need to be clarified, and that the definition of PDB and PLS need to be improved to be suitable for URLLC services.
In this contribution, we propose improved definitions of those parameters, as well as a definition of priority level, which is missing in current text.
Definition of Notification Control
The current agreement about notification control states that: 

“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.”
Observation 1: It must be defined whether Notification control should be available for non-GBR QoS flows.
Since there is no bitrate requirement for non-GBR flows, there are no rigid QoS requirements, and there is no use of notifications for non-GBR bearers.

Proposal 1: The Notification control parameter should only be available for GBR QoS flows.  

Observation 2: It is not clearly described how RAN should treat the flow when QoS targets cannot be fulfilled and a notification is sent.

It should be up to CN to decide whether QoS flow is to be removed or to be kept if QoS cannot be met, and the CN can take such decision based on the notification sent by RAN.

Proposal 2: After a notification is sent, the RAN should keep the flow, and should still try to fulfil the QoS requirements.
Observation 3: It is not defined if a notification implies that the QoS will not be fulfilled for the rest of the lifetime of the QoS flow, or if it was unreliable only for a period of time.  

There are two possible solutions to this:

· Notifications are sent with a regular interval as long as the QoS is unreliable.

· A new notification is sent once the QoS is reliable again.

Since the signaling load will be lower if regular notifications are not required, we propose that two kinds on notification messages are defined, where one notifies SMF that the QoS may not be fulfilled, and one notifies SMF that the QoS is reliable again. To keep the signaling load low, an implementation can make use of a filtering mechanism that prevents a ‘trigger happy’ behavior.
Proposal 3: A new notification should be sent once the RAN is able to fulfill the QoS targets.
Definition of Priority Level

In the current standard text there is no description of how the parameter Priority level should be interpreted.
Observation 4: priority level need to be defined.

The description should clearly define the meaning of the parameter, but scheduling details should be left for implementation, so that network performance can be optimized. 
Proposal 4: Priority level is defined as:  The Priority level indicate a priority in radio resources sharing among QoS flows. Once all QoS requirements of the GBR QoS flows, in order of priority, are fulfilled, spare resources should be distributed between flows, taking Priority Level into account. The lowest Priority level value corresponds to the highest Priority.
Definition of Packet Delay Budget and Packet Error Rate
In TS 23.203 it is defined that the PDB should be fulfilled with a confidence level of 98%. This is sufficient for most GBR applications, but not for URLLC services. In order to cater for the more stringent requirements of URLLC, the definition must be improved.

Observation 5: The definition of PER need to be improved for URLLC services.
It is not feasible to use the same confidence level for all GBR flows. Some URLLC flows will need very high confidence level, and if those requirements are also imposed on VoIP service, it would require significantly more channel coding and decrease the VoIP capacity.

It is possible to define different confidence levels for each 5QI. Consequently, for non-standardized 5QI’s, a new characteristics parameter should then be defined to signal the confidence level.

Another alternative is to count packets that are delayed past the PDB as lost, and include them in the PER measure. Since a packet that arrive too late is typically equally bad as a lost packet for a URLLC service, this measure would correspond to end user experience. 

This modified PER definition could be applied to all 5QI’s. However, the PER requirement values would have to be updated, and the 5QI’s would not be identical to the QCI definitions in LTE. 
A better solution would be to allow different definitions of PDB and PER for different 5QI’s. For non-standardized 5QI’s it could be defined that the new definition should always be used, but a more flexible way is to use characteristics parameters to signal how to interpret PDB and PER. A new flag, ‘delay critical’ could be defined, or a new resource type ‘delay critical GBR’ could be introduced. 
In order to limit the number of characteristics parameters, we propose to define a new resource type. 

If the modified definitions are only applied to 5QI’s where higher PDB confidence is required, the 5QI’s that corresponds to current QCI’s are not affected. For non-standardized 5QI’s, the characteristics can be signalled through a flag ‘delay critical’, or a new resource type ‘delay critical GBR’

Proposal 5: . A new resource type ‘delay critical GBR’ is introduced for delay critical services that require higher confidence level than 98% for the PDB. For delay critical GBR flows, a packet which is delayed more than PDB shall be included in the PER target..
Changes compared to S2-175676:

 - Removed changes to notification control as text merged into 6487

 - Modified priority level description 
Proposal

Add the following to the TS 23.501.

*************** Start of changes *********************
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 and in addition, over N2 every time the User Plane of the PDU session is activated.

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, in the case of NG-RAN, may be signalled to RAN via N2 when Reflective QoS control is used, as described in clause 5.7.5.4.3. The RQA indicates that certain traffic on this QoS flow may be subject to Reflective QoS.
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 Flow 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 and N11 for each of the GBR QoS Flows for setting up the 5G QoS profile.

The MBR (and GBR, if applicable) 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 by the SMF 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 to the appropriate UPF entity/ies (and to the (R)AN to enable the calculation of the UE-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.

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.
For each PDU Session, SMF retrieves the default 5QI/ARP from UDM. The default 5QI/ARP is used by SMF to set QoS parameters for the QoS flow corresponding to the default QoS rule. The SMF may change the default 5QI/ARP based on local configuration or interaction with the PCF (to retrieve the authorized default 5QI/ARP which overrides the default 5QI/ARP).
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, delay critical 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 and in addition, over N2 every time the User Plane is activated.

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. There are two kinds of GBR resource types, GBR and Delay critical GBR. Both resource types are treated the same, except that the definition of PDB and PER are different.

The Priority level indicate a priority in scheduling resources among QoS flows. The Priority levels shall be used to differentiate between QoS flows of the same UE, and it shall also be used to differentiate between QoS flows from different UEs. For GBR QoS flows, the priority level defines the relative importance to fulfill the QoS requirements. Once all QoS requirements of the GBR QoS flows, in order of priority, are fulfilled, spare resources are distributed in an implementation specific manner. The lowest Priority level value corresponds to the highest Priority.
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). For QoS flows with GBR resource type (i.e. which are not delay critical), the PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.
NOTE 1:
The PDB denotes an end-to-end "soft upper bound".


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. For QoS flows with delay critical GBR resource type, a packet which is delayed more than PDB is counted as lost, and included in the PER.
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.

*************** End of changes *********************
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