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Abstract of the contribution: Clarifies that the dynamically signalled QoS characteristics are not sent to the UE and propose improved definitions of Notification Control, Priority Level and PDB.
Discussion
On the need of signaling the 5G QoS characteristics for dynamically assigned as part of QoS rule. 
In the 5G QoS framework it is stated:
“the QoS rule contains the QoS parameters relevant to the UE (e.g. 5QI, GBR and MBR)”
Additionally, it is also stated:
“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.”
In respect to the 5QI it is stated:
[bookmark: _Hlk494270244]“The 5G QoS characteristics for dynamically assigned 5QI values are signalled as part of the QoS profile or QoS rule.”
The normative text on one hand points at the including in the QoS rule sent to the UE the QoS parameters relevant to the UE, on the other hand indicates that the 5G QoS characteristics for dynamically assigned 5QI values are also included in the QoS rule. 
It can be noted that the 5QI value itself is sent to the UE “for information”, i.e. for indicating that a QoS flow with a specific treatment has been defined, but the QoS characteristics associated to a 5QI value are however not relevant to the UE and are not enforced by the UE. The QoS characteristics are used by the RAN “as guidelines for setting node specific parameters”. Moreover the QoS Characteristics of 5QI preconfigured in the RAN are not visible outside the RAN and cannot be included as part of the QoS rule. 
Proposal 1: It is proposed to only signal relevant QoS parameters and characteristics as part of the QoS rule. The Averaging window is relevant in the cases when the standardized default window size is not used.

Treatment of flows with Notification Control
There is a contradiction in the description of how RAN should treat GBR flows with notification control. In section 5.7.2.2 it is stated that ARP: “may also be used to decide which existing QoS flow to pre-empt during resource limitations.”, but in section 5.7.2.4, is stated that if Notification Control is set, and GFBR can not be fulfilled “The RAN shall keep the QoS flow,”
Our view is that pre-emption should be allowed also for flows where Notification Control is set. The ARP parameters (PVI, PCI and Priority), should be used to describe if, and when a flow may be pre-empted, just as in LTE. 
Proposal 2: Clarify that pre-emption is allowed also for flows where Notification Control is used.

Configurable Priority Level
There are many cases where different user will use the same services with the same service requirements, but due to the subscription, the flows will have different priority.
With the current framework, even if there is a 5QI optimized for the service, the flow which have a priority that deviates from the priority of the 5QI, will have to customize the QoS characteristics and signal all characteristics parameters. This will not only be ineffective, but since the optimized 5QI is not used, any other settings configured for the service will not be available. 
The most obvious use case is voice calls from regular users and emergency responders, where it is critical that public safety calls are prioritized in both scheduling and admission, while it should be possible to use optimized scheduling for all voice callers.
For the averaging window parameter, it is stated that it may be signaled with the 5QI, and if not signaled, a default value is used. We propose that the same method is used for the Priority Level parameter.
Proposal 3: The priority level may be signalled with 5QIs, and if it is not received, a default value will apply (for standardized 5QIs the default priority level value in the QoS characteristics Table 5.7.4-1 applies).

PDB definition of Delay Critical GBR
In the current text, the number of delayed packets is limited in two ways for the resource type delay critical GBR. In section 5.7.3.3 it is stated that PDB shall be fulfilled with a confidence level of 98%, and in section 5.7.3.4 it is stated that delayed packets shall be included in PER. In other words, it is required that:
	Number of delayed packets < 2%; and
	Number of delayed packets + lost packets < PER.
In most cases, PER will be below 2%, and the 89% requirement is not relevant and is only adding confusion. If PER is set over 2%, the number of delayed packets may still never be higher than 2%, even though the number of lost packets can be higher. We don’t think that is intended, and can not see any reason to have two requirements.  
Proposal 4:  The 98% confidence requirement is not valid for Delay Critical GBR Flows.

Control of greedy flows  
Large amount of the data in the network comes from greedy flows. That includes TCP transmission of large files as well as rate adaptive video. For file transfer, non-GBR flows will normally be used, and for rate adaptive video, either non-GBR flows will be used, or a GBR flow where bitrates above GBR will be used when possible. 
The traditional way to control greedy flows is through packet drops. If the bitrate is higher than what can be supported by the network, packets are dropped, and the end-points will react by decreasing the bitrate. However, when the source transmission rate is based on packet drops, the delay jitter will be large due to re-transmissions and queueing delays. State-of art congestion control and rate adaptation algorithms are therefore also using queueing delay to detect congestion, and limit the bitrate before packet drops occur.
The QoS standard supports control through packet drops, since it is stated that congestion related packets drops are not included in the PER requirement for non-GBR flows, and GBR flows which operate above GFBR.  
However, in the current QoS text, packet delays shall always be below PDB for 98% of the packets, regardless of congestion level. The consequence is that in case of congestion, RAN shall rather drop packets, than let the queueing delay increase past PDB.
This is often not the best for end-point performance, since slightly increased packet delays would often be sufficient to trigger rate limitations in the end-points. We do therefore propose that it is allowed to let the queueing delay increase past PDB for non-GBR flows and GBR flows with a bitrate above GFBR.  
Proposal 5: For non-GBR flows, and GBR flows with bitrates above GFBR, it is not required that queuing delays are included in the PDB measure.

Conclusion
In this contribution we give the following proposals:
Proposal 1: It is proposed to only signal relevant QoS parameters and characteristics as part of the QoS rule. The Averaging window is relevant in the cases when the standardized default window size is not used.
Proposal 2: Clarify that pre-emption is allowed also for flows where Notification Control is used.
Proposal 3: The priority level may be signalled with 5QIs, and if it is not received, a default value will apply (for standardized 5QIs the default priority level value in the QoS characteristics Table 5.7.4-1 applies).
Proposal 4:  The 98% confidence requirement is not valid for Delay Critical GBR Flows.
Proposal 5: For non-GBR flows, and GBR flows with bitrates above GFBR, it is not required that queuing delays are included in the PDB measure
Proposal
[bookmark: _Toc476030922][bookmark: _Toc470196727][bookmark: _Toc493684473][bookmark: _Toc493684476]***** 1st Change *****
[bookmark: _Toc493627642][bookmark: _Toc494040367]5.7.1.4	QoS Rules
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 provided to the UE (at PDU Session establishment or QoS flow establishment), pre-configured in the UE or implicitly derived by UE by applying reflective QoS. A QoS rule contains a QoS rule identifier which is unique within the PDU session, the QFI of the associated QoS flow, one or more packet filters and a precedence value. Additionally, for an assigned QFI, the QoS rule contains the QoS parameters relevant to the UE (e.g. 5QI, GBR and MBR )and the Averaging Window). There can be more than one QoS rule associated with the same QoS Flow (i.e. with the same QFI).
NOTE:	In case of non-standardized 5QI, the SMF also provides related QoS characteristics defined by the operator
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.
***** 2nd Change *****
[bookmark: _Toc493627648][bookmark: _Toc494040373]5.7.2.1	5QI
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.).
Standardized 5QI values have one-to-one mapping to a standardized combination of 5G QoS characteristics as specified in Table 5.7.4-1.
[bookmark: _Hlk492308227]The 5G QoS characteristics for pre-configured 5QI values are pre-configured in the AN. The 5G QoS characteristics for dynamically assigned 5QI values are signalled as part of the QoS profile or QoS rule.
NOTE:	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.
***** 3rd Change *****

[bookmark: _Toc493627651][bookmark: _Toc494040376]5.7.2.4	Notification control
In addition, a GBR QoS flow may be associated with the parameter:
-	Notification control.
[bookmark: _GoBack]The Notification control indicates whether notifications are requested from the RAN when the GFBR can no longer (or again) be fulfilled for a QoS flow during the lifetime of the QoS flow. If, for a given GBR QoS flow, notification control is enabled and the RAN determines that the GFBR cannot be fulfilled, RAN shall send a notification towards SMF. The RAN shouldshall keep the QoS flow, and should try to fulfil the GFBR. Upon receiving a notification from the RAN that the GFBR cannot be fulfilled, the 5GC may initiate N2 signalling to modify or remove the QoS flow. Once conditions improve, and the GFBR is fulfilled again, RAN sends a new notification, informing SMF that the GFBR can be fulfilled again. After a configured time, the RAN may send a subsequent notification that the GFBR cannot be fulfilled.
NOTE:	Any flow, regardless of the Notification control setting, may still be subject to pre-emption, if resources are needed for flows with higher ARP priority, and it is allowed by PVI and PCI.
[bookmark: _Toc493627652][bookmark: _Toc494040377]***** 4th Change *****

[bookmark: _Toc492719472]5.7.3.2	Resource Type
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. Once all QoS requirements are fulfilled for the GBR QoS flows, spare resources can be used for any remaining traffic in an implementation specific manner. The lowest Priority level value corresponds to the highest Priority.
[bookmark: _Toc492719473]The priority level may be signalled with 5QIs, and if it is not received, a default value will apply (for standardized 5QIs the default priority level value in the QoS characteristics Table 5.7.4-1 applies).
5.7.3.3	Packet Delay Budget
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 a delay critical GBR flows, a packet delayed more than PDB is counted as lost. For all other flows, tThe PDB shall be interpreted as a maximum delay with a confidence level of 98 percent.
For non-GBR flows, and GBR flows with bitrates above GFBR, it is not required that queuing delays are included in the PDB measurement.
NOTE:	The PDB denotes an end-to-end "soft upper bound".

***** End of Changes *****
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