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Abstract of the contribution: This paper updates Solution #3.3 in TR 23.700-53.
Discussion

Based on discussions at SA2#150e the solution is updated. Steering mode operation is changed to steering mode with the options to have one fixed primary and one fixed secondary access or select the primary access based on link measurements. Fixed percentage of duplicated traffic is introduced as a duplication criterion. Some ENs are resolved.
Proposal

The following change is proposed for solution #3.3 in TR 23.700-53.
* * * Start of changes * * * 

6.5
Solution #3.3: New traffic duplication steering mode
6.5.1
Introduction

This new solution addresses KI#3 on Support of redundant traffic steering.
6.5.2
High-level Description

With this solution redundant traffic steering is enabled as a new steering mode. The new steering mode enforces, based on certain criteria, that a Packet Data Unit (PDU) is duplicated and sent to the other access. Traffic duplication can be activated and de-activated by setting or re-setting the traffic duplication criteria.

Editor's note:
It is FFS whether the UE needs to inform the network about its capability to support traffic duplication steering mode.
Traffic duplication reduces end-to-end latency and packet loss rate, but at the cost of utilizing resources over both accesses. Thus, selective duplication is a necessity to avoid wasting unnecessarily network, and especially radio resources. The state of each access is dynamically changing over time, and hence a static selection of an access as primary access is suboptimal.
The new steering mode operates on a per PDU basis in the following way: First, for each PDU the access to be used as primary access is determined either statically, or dynamically based on access conditions, e.g., smallest delay.  Second, once the primary access for the PDU is selected and if the duplication criteria are met, the PDU is duplicated and sent over the other (the current secondary) access. 
As part of the ATSSS Rule and MA Rule at SDF level, the UE and the UPF respectively receive the necessary information to use the new steering mode.
In certain cases, duplication of traffic may be desired only for a specific access, e.g., limited to the non-3GPP access to avoid excessive charging. For this purpose, an Access Constraint Indicator can be provided indicating the access to which duplication is not allowed, i.e., it can be set to 3GPP or non-3GPP. If not set, duplication can be applied for any access.
1. Regarding the selection of the primary access, the following configuration parameter can be set:
a. Static: One access is indicated and set as the primary access. The other access is the secondary access used for duplication.

b. Dynamic: Based on measured performance criteria (e.g., PLR, RTT), the best-performing access is selected as primary access, and the other access is used as secondary access.

2. If none of the duplication criteria described below is provided and the Access Constraint Indicator is not set, all the traffic sent to the primary access is duplicated to the secondary access. If duplication criteria are provided, (part of the) traffic is duplicated to the other access whenever the duplication criteria are met, and the secondary access is available.
The new steering mode is applicable to GBR and non-GBR traffic as it generally improves the user experience. For GBR traffic networks resources need to be reserved on both accesses.


Editor's note: 
How the receiver will treat duplicated packets in case of MP-QUIC or MP-DCCP is FFS.

If present, traffic duplication criteria are evaluated by the UE for the UL and by the UPF for the DL to decide which packets need to be duplicated. One or more of the following traffic duplication criteria can be applied to the traffic on the primary access:


1.
Link quality: Traffic duplication is started or stopped based on link quality measurements, e.g., considering Packet Loss Rate (PLR) or Round Trip Time (RTT) thresholds. The measurement result focuses only on the performance of a single link, i.e., the 3GPP or non-3GPP link in UL or DL. When the measured link performance violates the provisioned threshold, the next packets will be duplicated to the other path, otherwise the traffic will be sent on the currently selected primary access. This allows to limit duplication of traffic to the case where the link quality decreases, thus the probability to lose packets increases. These duplication threshold values can be specified in a similar way to existing Threshold values.
The link quality criterion allows to specify the duplication conditions for the selected primary access.
Duplication threshold values: One or more threshold values may be provided for a steering mode. A threshold value may be either a value for RTT or a value for PLR. The threshold values are applicable to currently selected primary access and are applied by the UE and UPF to decide whether a PDU shall be duplicated and send on the other access.

Applicability: This criterion keeps track of the status of the primary access path and enables the UE and the UPF to independently apply duplication when considered useful based on the measurements available. Thus, it can tackle temporary degradation of an access path in UL and/or DL.







2.
 Percentage of duplicated traffic (Max or fixed percentage is possible): The max percentage variant, if indicated, allows to define a duplication budget as the max percentage (e.g., up to 20%) of traffic that can be duplicated over a certain time. It is up to implementation which traffic is duplicated. The fixed percentage variant, if indicated, mandates the exact percentage of traffic that should be duplicated to the secondary access. For example, fixed 20% duplication rate would mean that UE and UPF duplicate 20% of the packets, e.g., every 5th packet. A max of 20% duplication rate would mean that UE and UPF duplicate every 5th or less packet over a certain time period. 
Applicability: Unless fixed percentage is indicated, this criterion enables the UE and the UPF to select how much and which of the traffic to duplicate based for example on locally available information such as the battery state of the UE or other possible criteria, such as:
i. Important PDUs: Traffic duplication is applied based on header information indicating whether a PDU is important or not, i.e., only important PDUs are duplicated, and up to the maximum duplication budget. For example, duplicating only PDUs carrying I-frames, and not P-frames (which is indicated in a RTP header extension), in video streams, or duplicating only video and not audio in a video surveillance application.

Note:
The concrete information in the PDU header that is used for traffic duplication is not specified.
ii. Survival time: Survival Time, as defined in TS 23.501 [2], refers to the time period an application can survive without any data burst (with a certain burst size). As per TSC feature, Survival Time is part of TSCAI (see TS 23.501 [2]). The AF may provide the time an application can survive without any burst. It refers to the time that an application consuming a communication service may continue without an anticipated message and can be expressed as the maximum number of messages or in terms of time units.
Note:
The exact usage of the Survival Time in the TSCAI information is not specified, but the Survival Time has to be included as part of the ATSSS and MA rules to be used by the UE and the UPF respectively.
Essentially the two criteria are easily combinable since:
1. the first (Link quality) controls the dynamic activation of duplication of traffic

2. the second (Percentage), upon activation determines which PDUs should be duplicated based on the indicated budget.
Access selection is based on relative performance of the two accesses, and by selecting always the best one it reduces the need for duplication. On the other hand, Link quality criterion for duplication captures the temporal evolution of access state and relies on absolute performance values. The combination of dynamic primary access selection and partial duplication significantly reduces the duplication overhead since the duplication is applied only when needed and to the extent it is needed.
The duplication steering mode, together with duplication criteria, needs to be authorized by the PCF in the PCC Rules, and the SMF provides an indication for duplication and the duplication criteria in the ATSSS Rule to the UE, and in the Multi-Access Rule (MAR) to the UPF. After receiving the rules, UE and UPF determine when and how to duplicate traffic based on the provided duplication criteria and the measured performance of each access.

The AF can also request to start and stop traffic duplication by including the corresponding duplication steering mode indication and traffic duplication criteria to be applied for the application traffic. The NEF provides an API allowing the AF to request start and stop of traffic duplication and providing traffic duplication criteria.
The duplication steering mode requires that the Multi-Access Rule (MAR) and the ATSSS Rule, both generated by the SMF will need to be updated as follows:

Table 6.5.2-1: Updated structure of ATSSS Rule and MA Rule

	Information name
	Description
	Category
	SMF permitted to modify in a PDU context
	Scope

	
	
	
	
	

	Static primary access (1)
	Identifies the static primary access (e.g., 3GPP access)
	Optional
	Yes
	PDU context

	Static secondary access (1)
	Identifies the static secondary access (e.g., non-3GPP access)
	Optional
	Yes
	PDU context

	Dynamic primary access (2)
	Identifies the performance criteria (PLR, RTT) to determine the primary access
	Optional
	Yes
	PDU context

	Access Constraint Indicator
	Identifies the accesses to which duplication is not allowed.

If not set, duplication is allowed on all accesses.
	Optional
	Yes
	PDU context

	
	
	
	
	

	Duplication criterion
	Identifies the duplication criterion that should be applied and associated parameters (see below)
	Optional
	Yes
	PDU context

	Duplication threshold values
	A Maximum RTT and/or a Maximum Packet Loss Rate.
	Optional
	Yes
	PDU context

	Survival time
	A Maximum duration that, as defined in TS 22.261, is synonymous with the time period an application can survive without any data burst.
	Optional
	Yes
	PDU context

	Percentage of duplicated traffic
	A Maximum or fixed percentage of traffic that can be duplicated plus an indication whether max or fixed percentage is assumed.
	Optional
	Yes
	PDU context


(1)
Static primary and Static secondary access are configured together.
(2)
Dynamic primary access excludes configuration of Static primary and Static secondary access.
6.5.3
Procedures

Editor's note:
This clause describes the procedures and information flows for the solution.

6.5.4
Impacts on Existing Nodes and Functionality
The ATSSS rules and the N4 rules are enhanced with a new steering mode definition and with new parameters.

SMF

-
Based on the PCC rules, create ATSSS rules and N4 rules with the new steering mode data including optional traffic duplication criteria.

PCF

-
Provide PCC rules considering new steering mode including optional traffic duplication criteria to the SMF.

UPF:

-
Based on the traffic duplication steering mode and optionally available traffic duplication criteria decide when to duplicate traffic via the available access paths of a MA PDU session for the downlink traffic.
UE:

-
Based on the traffic duplication steering mode and optionally available traffic duplication criteria decide when to duplicate traffic via the available access paths of a MA PDU session for the uplink traffic.
AF:

-
AF can request start and stop of traffic duplication for an application session and optionally provide traffic duplication criteria which allow UPF and UE to decide when duplication of traffic is required.

NEF:

-
NEF provides an API allowing the AF to request start and stop of traffic duplication and providing traffic duplication criteria.

* * * End of changes * * * 
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