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Abstract of the contribution: This paper provides an update to Solution #3.5: Redundant Traffic Steering Mode Activation/Deactivation
1.
 Discussion
Solution #3.5 describes a mechanism to support the dynamic activation and deactivation of traffic duplication, as well as the measurements and selection criteria needed to make these decisions. 

This update to Solution #3.5 addresses the Editor’s Notes in the solution as well as some questions received over e-mail during SA2 #150e.
Measurements

1. Editor's note:
It is FFS if additional measurements may be needed.

· Measurements should allow the UE and UPF to activate duplication only when needed and effective. No additional measurements have been identified to assist in this determination. Therefore we propose to delete this Editor’s Note.
2. In addition during SA2 #150e, there was one question on the need for the Variability of Delay. One of the goals of the redundant steering mode is to improve the reliability of the communication. However, since there is a cost to duplication, it should only be activated if it is useful. So duplication would increase reliability, but:

· if the average delay on the second access is large, the redundant transmissions may not be useful,
· Even if the average delay on the second access is small, the variance of this delay may be such that the redundant transmissions may not be useful. 
The variability of delay measurement is useful to address this second situation. This is especially useful for some services, such as gaming and IMS voice, which are sensitive to variabilty of delay.

Note that the measurement was also considered in Release 16 and 17 (referred to as jitter), where it was regarded as a “reflection of transfer quality stability within certain time interval”. Some solutions regarded jitter measurement  as valuable for gauging link performance, and to enable better traffic steering/switching/splitting. Variability of Delay measurement has an additional benefit for traffic duplication, in that it prevents wasteful transmissions over an access path. 

Detail was added to Solution 3.5 to reflect the above and to include reference to 23.700-93 to show how the measurement may be calculated.

Duplication Deactivated
1. Editor's note:
It is FFS how traffic is sent if Redundant Steering Mode is configured but the duplication is not activated.

· When duplication is deactivated, the UE and UPF need to send traffic over a single access path. The UE and UPF should use a default steering mode, such as “Active-Standby” or "Smallest Delay”, to select the access path. The default steering mode information could be provided in the ATSSS rules to the UE and the N4 rules to th UPF. 

Detail was added to Solution 3.5 to include the above clarification. In addition the Procedure section and Impact section were changed accordingly.
Scope of Duplication
1. During SA2 #150e, there was one question on whether the duplication decision is per-PDU session, per packet, per direction (UL vs DL). As the duplication decision for DL is made at the UPF and the duplication decision for the UL is made at the UE we do agree that it is implicitly per direction. A per-PDU session decision would mean that the UE and the UPF would always duplicate traffic over both accesses for the PDU session. This may make sense for some flows, but for others it would be wasteful of resources and processing power. For these. it would make more sense to duplicate traffic over both links only when needed, and a per-packet decision would be better. Note that the selection criteria could be defined in such a way that the duplication will occur systematically for all packets, therefore equating to a per-PDU session duplication. For example, the selection criteria could be based on an indication in the ATSSS rules (or N4 rules) that indicates that all traffic from PDU session should be duplicated. 
2. Proposals
It is proposed to adopt the following text changes in TR.23.700-53.   
*** Start of 1st  change***
6.14
Solution #3.5: Redundant Traffic Steering Mode Activation/Deactivation

6.14.1
Introduction

This solution addresses aspects of Key Issue #3 (Solutions for Redundant Traffic Steering Mode), especially related to the mechanism to support the activation and deactivation of traffic duplication, and the criteria needed for making this decision. In the following, we use existing solutions (MP-QUIC-LL as described in TR 23.700-93 [5], Solution #6, and MP-DCCP-LL as described in the present document, clause 6.3) as the framework to describe the solution. However, the solution is not tightly tied to these solutions, and can work for other solutions.

6.14.2
High Level Description

In both the MP-DCCP and MP-QUIC based solutions, the protocol stack at the UE and UPF is as shown in Figure 6.14.2.1.
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Figure 6.14.2-1: Protocol Stack for MP-QUIC and MP_DCCP

The MP-QUIC/DCCP Tunnel Client (MxTC) at the UE, and the MP-QUIC/DCCP Tunnel Server (MxTS) at the UPF, rely on the underlying MP-QUIC or MP-DCCP protocol. These protocols support a number of traffic steering modes, including redundant traffic steering.

In both cases, the MxTC establishes an MP-QUIC/DCCP connection with the MxTS in the UPF. An MP-QUIC/DCCP connection carries the traffic of only one QoS flow. In addition, it is assumed that an MP-QUIC/DCCP connection will be configured with a single steering mode. The MxTC receives UL PDUs from the upper layer and, for each UL PDU, the MxTC selects a steering mode to be applied for the UL PDU based on the ATSSS rules in the UE. The MxTC subsequently selects a MP-QUIC/DCCP connection to transmit the PDU based on the selected QoS flow and the selected steering mode.

This mechanism works well for QoS flows which are known, a priori, to require redundant transmission. For such use cases, the choice of redundant transmission can be made at PDU session establishment, and traffic duplication should always be activated. In other use cases, traffic duplication should only be used when needed, as duplicating traffic over both accesses results in:

-
Power consumption at the UE: The UE is required to operate over both accesses

-
Core network load: The redundant transmissions will result in a certain load to the 5GC.

-
Processing at UE and UPF: The UE and UPF both need to handle re-ordering and possible reception of duplicate PDUs.

-
Radio resource usage: Radio resources are used over both accesses.

For these use cases, traffic duplication should only be used when needed, and should be dynamically activated / deactivated on a per-packet basis.
NOTE:
The mechanism to duplicate the packet is FFS. It may be implemented at the MxTC or it may be implemented in the layers below the MxTC (for example in the MP-QUIC/DCCP layer).
The Activation/Deactivation decision should be made at the MxTC for the UE and at the MxTS for the UPF, and should be based on selection criteria and measurements:

-
Packet Loss Rate (PLR): This measurement indicates the rate of PDU packet loss for each access network. The measurement is applicable to both uplink and downlink transmissions.

-
Delay: This measurement indicates the PDU transmission delay for each access network. This is a one-way delay between UE and UPF for uplink transmissions, and between UPF and UE for downlink transmissions.

-
Variability of Delay: This measurement indicates the variability of PDU arrivals (jitter) over an access network. PDU arrivals at the UPF for uplink transmission and PDU arrivals at the UE for downlink transmissions.   The variability of delay measurement is a reflection of transfer quality stability within certain time interval. It may be calculated using the mechanisms described in Solution #3 in TR23.700-93 [5]. Variability of Delay measurements prevent wasteful transmissions over an access path. Some services, such as gaming and  IMS voice, are sensitive to variability of delay. For these services, activating traffic duplication over a path that will not meet the variability of delay requirements, will not be useful.

-
Load: This measurement indicates the load over an access network.

The selection criteria should rely on these measurements and should allow the UE to activate traffic duplication only when "needed and effective". For example, if the PLR is of critical importance of a data flow, the duplication should be activated when the measured PLR on the active access leg(s) is bigger than the threshold.  For another example, the UE should not activate traffic duplication over a non-3GPP access, if the delay over the non-3GPP access will not meet the one-way delay requirement for the PDU. In such a case, the duplicate transmissions over the non-3GPP access would be useless. The selection criteria are included in the ATSSS rules provided to the UE and the N4 Rules provided to the UPF. The measurement configuration is included in the Measurement Assistance Information.



When traffic duplication is deactivated, the UE and UPF should rely on a default steering mode (such as “Active-Standby” or “Smallest Delay”) to select which access path to use. The default steering mode configuration could be chosen in a similar way how normal steering mode is configured (e.g. depending on UE/NW capabilities) and provided in the ATSSS rules to the UE and in the N4 rules to the UPF. The duplication criteria is configured in a way that the measurements in default steering mode can be used. For example, if Active-Standby is configured as the default steering mode, the PLR measurement on the active access, instead of both accesses, should be used in the criteria. 
Editor's note:
How to handle out-of-order reception due to latency difference between access paths is FFS.
6.14.3
Procedures
The following procedure (Figure 6.14.3.1) describes how traffic duplication can be dynamically activated and/or deactivated.
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Figure 6.14.3-1: Redundant Steering Mode: Activation/Deactivation of Traffic Duplication

In step 1, UE application decides to initiate communication with AS. UE determines to use a MA-PDU session.

In step 2, UE sends a PDU Session Establishment or Modification Request. The request includes capability support for redundant steering mode.

In step 3, SMF determines to use MA-PDU session, e.g. based on configuration or PCC rules. SMF determines ATSSS rules for the UE and N4 rules for UPF.

In step 4, SMF sends to UPF a N4 session establishment/modification request, including N4 rules and Measurement Assistance Information. The N4 rules include an indication whether the UPF should start with traffic duplication activated or deactivated, default steering mode configuration to use if duplication is deactivated, as well as the selection criteria to activate or deactivate traffic duplication.

In step 5, SMF sends to UE, through AMF, a PDU Session Establishment/Modification Accept message including ATSSS rules for redundant steering mode and Measurement Assistance Information. The ATSSS rules include an indication whether the UE should start with traffic duplication activated or deactivated, default steering mode configuration to use if duplication is deactivated, as well as the selection criteria to activate or deactivate traffic duplication.

In step 6, UE configures the MxTC.

In step 7, before measurements for selection criteria are available, MxTC determines whether traffic duplication should be activated or deactivated based on the indication from the PDU Session Establishment/Modification Accept message.

From this point on, the application traffic is sent over the MA-PDU session between UE and UPF. The MxTC monitors the selection criterion and based on ATSSS rules, decides whether traffic duplication should be activated or deactivated for the uplink application traffic. Similarly, the MxTS monitors the selection criterion and based on N4 rules, decides whether traffic duplication should be activated or deactivated for the downlink application traffic.

6.14.4
Impacts on Existing Nodes and Functionality
PCF

-
Provide PCC rules to SMF, considering the selection criteria to activate or deactivate traffic duplication

SMF

-
Based on the PCC rules, create ATSSS rules and N4 rules including the selection criteria to activate or deactivate traffic duplication, and default steering mode configuration to use if duplication is deactivated.
UPF:

-
Shall be able to determine whether traffic duplication is activated or deactivated.

UE:

-
Shall be able to indicate support of redundant steering mode when requesting a MA PDU Session.

-
Shall be able to determine whether traffic duplication is activated or deactivated.

*** End of 1st change ***
3GPP
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