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1
Discussion

1.1 Introduction

In sub-clause 5.7.5.4 of TS 23.501, for reflective QoS control via user plane and control plane, there is an Editor’s note needs to be resolved. 

Editor’s note: whether other means to deactivate Reflective QoS are needed is FFS

This contribution proposes to resolve the above editor’s note by giving an analysis on existing timer based reflective QoS rule deletion method and introducing a new solution to deactivate Reflective QoS.
1.2 Analysis

For the reflective QoS control procedure in sub-clause 5.7.5.4 of TS 23.501, a Reflective QoS Timer value is introduced for the UE to delete the UE derived QoS rule locally without 5GC involved. The detailed procedures are as followed:

· In the UE side, upon reception of DL packet that is subject to reflective QoS, the UE creates a UE derived QoS rule and starts a timer. If there is already an existing UE derived QoS rule with the same packet filter the UE restarts the related timer;

· When UE derived QoS rule correlated timer expiry, the UE deletes the UE derived QoS rule.

The above timer based solution may cause the following issues:

· QoS control for the same SDF in UE and 5GC is inconsistent, which may even cause packet drops in the UPF 

Considering that the UE deletes the UE derived QoS rule based on the timer state without 5GC involved, the 5GC is not aware of the state about the UE’s QoS rule. 

· If the SMF does not disable the SDF to use reflective QoS in the UPF, but the timer of UE derived QoS rule is expired, and the UE deletes related UE derived QoS rule. In this case, when there are UL packets belonging to the SDF need to be sent, there are no matched UL QoS rules. The UL packets will be sent to UPF by UE using the default QoS rule. Consequently, the SDF will no longer experience special QoS and when the packet detection at the UPF won’t find the SDF and thus, the UPF cannot apply an appropriated charging/usage monitoring;

· If the SMF disable the SDF to use reflective QoS in the UPF, but the timer of UE derived QoS rule is not expired, the UE continues to use the UE derived QoS rules until the timer is expired. In this case, when there are UL packets belonging to the SDF need to be sent, the UE uses the derived QoS rules to send UL packet. But in the UPF, the UL packets should not use the derived QoS rule, the UL packet verification fails, and the UPF may discards the received UL packets.
· The UE needs to maintain several timers and has to analyze and compare filters to keep the derived QoS rule active 

As the UE will generate a derived QoS rule for every packet filter, it is possible that a mass of UE derived QoS rules will be generated at the UE side. For example, when a UE visit a popular website like Yahoo, hundreds of IP-5-tuples may be used to request different objects on the front page of Yahoo. In this case, UE will need to generate and keep these derived QoS rule to support reflective QoS. When the timer based solution is used, there would be a timer per derived QoS rule and thus, many timers would have to be maintained by the UE. In addition, the UE is required to analyze the subsequent DL packets with the RQI and compare their derived filter against all filters of the active derived QoS rules so that the UE can restart the timer whenever a DL packet for an existing derived QoS rule is received. All these behaviours will cause additional consumption of UE resources and impact the overall UE performance.

The above discussion shows several drawbacks of the currently defined mechanism for reflective QoS deactivation based on keep-alive indications and timers. And the outline of the alternative solutions are as followed:

1) Reflective QoS deactivation via control plane
When the 5GC determines to disable the reflective QoS, the 5GC can send an explicitly command to UE. When the UE receives the command, the UE should delete all related derived QoS rules.
2) Reflective QoS deactivation via user plane by an explicit indicator DRQI

When the 5GC determines to disable the reflective QoS for an SDF, the 5GC sends a command to UPF with an instruction to send DL packets with DRQI in the N3 tunnel header. When the UE receive the packet with DRQI the UE identifies the corresponding derived QoS rule and deletes it. If there is no DL packet and the N3 tunnel is available, the UPF should generate one or more dummy packets with DRQI in the N3 tunnel header to be sent to UE immediately.
2
Proposal

The following changes are proposed to TS 23.501 (V0.5.0).
******************* Start of Change # 1 ************************
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.
The precedence value for all derived QoS rules is set to a standardised value.



******************* Start of Change # 2 ************************
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. 


When the 5GC determines to activate reflective QoS via User Plane for a specific SDF, the SMF shall include an indication in the corresponding SDF information provided to the UPF via N4 interface. When the UPF receives this indication for an SDF, for the next few DL packets corresponding to this SDF, the UPF shall set the RQI bit in the encapsulation header on the N3 reference point. 
NOTE 1:
The number of DL packets which carry the RQI can be configured by the operator.
Upon reception of a DL packet that is subject to Reflective QoS the UE creates a new UE derived QoS rule unless there is already an existing UE derived QoS rule with the same packet filter .
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: RAN2 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 RAN2 solution the RAN may need to be instructed which QoS flows are subject to Reflective QoS. How and when this is done is FFS.




When the 5GC determines to deactivate reflective QoS via User Plane for a specific SDF, the SMF shall include an indication in the corresponding SDF information provided to the UPF via N4 interface. When the UPF receives this indication for an SDF, for the next few DL packets corresponding to this SDF, the UPF shall set the DRQI bit in the encapsulation header on the N3 reference point. 
Upon reception of a DL packet that is subject to reflective QoS deactivation, the UE shall identify the derived QoS rule corresponding to this DL packet and remove this derived QoS rule.
NOTE 2:
The number of DL packets which carry the RQI can be configured by the operator.
The UPF shall continue to apply the detection and enforcement instructions in UL direction (which were applied before the SMF provided the indication to deactivate reflective QoS) until the DRQI can be sent to the UE or the SDF information is removed by the SMF.
NOTE 3:
When the UPF receives no DL packet for the SDF for which reflective QoS has to be deactivated, the UPF continues to accept the UL part of the SDF for the originally authorized QoS flow until the DRQI can be sent to the UE. The accounting of the UL traffic can be done separately. Alternatively, the UPF can generate several empty DL packets for this SDF and send them to the UE with the DRQI bit set. The UPF does not count the empty DL packets.
5.7.5.4.3
Reflective QoS Control via Control Plane
Reflective QoS is controlled via Control Plane on per-QoS flow basis. 
When the 5GC determines to activate reflective QoS for a QoS flow via Control Plane, the SMF shall include the Reflective QoS Attribute (RQA) containing the RQI 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 contains the RQI, the UE creates a UE derived QoS rule unless there is already an existing UE derived QoS rule with the same packet filter.
When the 5GC determines to deactivate reflective QoS for a QoS flow via Control Plane, the SMF shall include the RQA containing the DRQI in the QoS flow parameters which are sent to the UE via N1 interface. 
When the UE received the RQA containing the DRQI for a QoS flow from the SMF, the UE shall remove all UE derived QoS rules corresponding to this QoS flow.

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


5.7.5.4.x
Removal of outdated UE derived QoS rules

The UE shall maintain a timer on a per PDU session basis for the removal of outdated UE derived QoS rules. A value for this timer can be sent to the UE upon PDU Session establishment, otherwise, a default value is applied.
Upon timer expiry, the UE shall delete all derived QoS flows for which no UL packets were received during the last time interval. Afterwards, the UE restarts the timer.
******************* End of Changes *************************
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