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Abstract of the contribution: 
1. Steering Modes
The main characteristic of a Multi-Access PDU (MA-PDU) session is that traffic for this session can be sent over two independent user-plane connections: One over 3GPP access and another over non-3GPP access.

It is therefore required to define how the traffic of a MA-PDU session could be split across the two user-plane connections. Such split could be enforced by applying several traffic steering modes (or "steering strategies"). We discuss a few of them below.
	
	Steering Mode
	Comments
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	Active-Standby steering: All (or some of) the traffic of the MA-PDU session is sent to one access only, which is called the "Active" access. The other access serves as a "standby" access and takes traffic only when the active access becomes unavailable. When the active access becomes available again, the traffic is transferred to the active access.

The active access can be defined when the MA-PDU session is established and can either (a) remain the same during the lifetime of the MA-PDU session or (b) can change during the lifetime of the MA-PDU session.

· Benefit: The MA-PDU session can provide enhanced continuity. Traffic can be switched from the active access to the standby access and vice versa with minimum or no signalling.

· Complexity: Small
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	Priority-based steering: The two accesses are assigned a priority, e.g. during the establishment of the MA-PDU session. All traffic of the MA-PDU session is sent to the high priority access. When congestion arises on the high priority access, new data flows (the "overflow" traffic) are sent to the low priority access. In addition, when the high priority access becomes unavailable, all traffic is switched to the low priority access.
If needed, it could be possible to change the priorities of the accesses during the lifetime of the MA-PDU session.

· Benefit: The MA-PDU session can provide enhanced continuity and increased bandwidth (because both accesses can be used simultaneously).

· Complexity: Requires the UE and/or the network to determine when congestion arises on the high priority access. This may be a complex task.
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	Best-Access steering: The same as the Priority-based steering but with the following difference: The high priority access is the one that can provide the best performance, e.g. the one with the smallest RTT. In this case, the high priority access is not pre-defined (as in Priority-based steering) but it is estimated in real-time and can change dynamically. 

· Benefit: The MA-PDU session can provide enhanced continuity, increased bandwidth and better performance (compared to Priority-based).

· Complexity: Requires the UE and/or the network to estimate the best access and to determine when congestion arises on the best access. This may be a complex task.

NOTE: The best access could be estimated by the network by using Access Measurements as those considered in Solution 1 (see TR 23.793, clause 6.1.2.1) or by using a Path Performance measurement function as the one considered in Solution 3 (see TR 23.793, clause 6.1.2.1).
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	Redundant steering: All data flows are transmitted on both accesses in order to increase reliability.

· Benefit: The MA-PDU session can provide very high data reliability (i.e. very small packet error rate) and session continuity.

· Complexity: High – The receiving side should be able to detect and discard duplicate packets. For this purpose, the sending side could append sequence numbers to the transmitted packets. In addition, to provide in-sequence delivery, the receiving side should be able to buffer and re-order the received packets. 
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	Load-balance steering: Each access receives a percentage of the data flows transmitted via the MA-PDU session. Essentially, each access is assigned a weight factor (e.g. 50%) and receives a percentage of the overall MA-PDU session traffic corresponding to this factor. 

In a 50/50 load-balancing, the overall traffic of the MA-PDU session is equally split across the two accesses. In an 80/20 load-balancing, about 80% of the overall traffic is sent on one access and 20% on the other access.

· Benefits: The MA-PDU session can provide bandwidth aggregation with a certain load-balancing ratio.

· Complexity: Relatively small – There is no need to assess the transmission performance on every access. 




NOTE 1: 
Additional steering modes could be considered but the discussion in this document is restricted to the above five modes only.

In the context of ATSSS, we believe that at least the Active-Standby steering mode (#1) should be supported as it provides benefits and minimum complexity. Some or all of the other steering modes (#2-#5) could also be supported but they should be further evaluated (especially in terms of complexity) before being accepted for ATSSS.
Note that the Active-Standby steering mode can be applied to all or to some of the traffic of a MA-PDU session. For example, applying Active-Standby steering to TCP/port 1234 traffic, means that this traffic should be transferred on the Active access, if available, or on the Standby access, when the Active access is unavailable. It is possible also to define no Standby access, in which case the traffic is restricted to one access only and it is forbidden on the other access.

2. ATSSS Policy
The steering modes discussed above could be applied in a MA-PDU session by enforcing the appropriate ATSSS policy for the MA-PDU session. For example, during the establishment of an MA-PDU session, the PCF in the network could create the ATSSS policy for the MA-PDU, which could then be transferred to UE for uplink traffic steering and to UPF for downlink traffic steering. 
The ATSSS policy includes a prioritized list of ATSSS rules and each ATSSS rule includes a steering mode that should be applied to the traffic matching this rule. For example, the ATSSS policy for a MA-PDU session could contain:

· First ATSSS rule (priority 1): 

· Traffic filter: Traffic of App-X

· Steering mode: Active-Standby steering; Active access: 3GPP, Standby access: non-3GPP
· Second ATSSS rule (priority 2): 

· Traffic filter: TCP traffic with destination IP address 10.10.0.1 

· Steering mode: Active-Standby steering; Active access: 3GPP, Standby access: None
· Default ATSSS rule (least priority): 
· Traffic filter: All traffic 

· Steering mode: Active-Standby steering; Active access: non-3GPP, Standby access: 3GPP
The first ATSSS rule steers the traffic of App-X to 3GPP access, if available; if not available, it steers the traffic to non-3GPP access. The second ATSSS rule steers the TCP traffic with destination IP address 10.10.0.1 to 3GPP access only. Since no standby access is defined, this traffic cannot be transferred over non-3GPP access, even when the 3GPP access becomes unavailable. The default ATSSS rule steers the rest of the traffic to non-3GPP, if available; if not available, it is steered to 3GPP access.

If more steering modes are supported, then more advanced ATSSS rules could be constructed and more advanced traffic steering strategies could be enforced. Below we provide a few examples.

Example 1: If the operator has deployed a video streaming server at address 10.10.0.2, then the streaming traffic between the UE and this server could be load-balanced across 3GPP and non-3GPP access with the following ATSSS rule:
· ATSSS rule (priority x): 

· Traffic filter: UDP traffic to IP address 10.10.0.2 

· Steering mode: Load-balanced steering; 3GPP access: 30%, non-3GPP access: 70%
Example 2: If the network should provide very small packet error rate (i.e. high reliability) when the UE communicates with an application server over TCP/port 1234, then the following ATSSS rule could be provisioned:

· ATSSS rule (priority x): 

· Traffic filter: TCP traffic to port 1234 

· Steering mode: Redundant steering

Example 3: If all the traffic sent over a MA-PDU session should be transferred with the best possible performance, then the following ATSSS rule could be provisioned:

· Default ATSSS rule: 

· Traffic filter: All traffic 

· Steering mode: Best-access steering

Example 4: If all the traffic of a MA-PDU session should be offloaded to non-3GPP access unless the non-3GPP access is congested, then the following ATSSS rule could be provisioned:

· Default ATSSS rule: 

· Traffic filter: All traffic 

· Steering mode: Priority-based steering; High-priority: non-3GPP, Low-priority: 3GPP

The figure below shows how the UE or the UPF can apply the provisioned ATSSS rules for deciding how to steer the traffic of a MA-PDU session across the 3GPP and the non-3GPP accesses. The ATSSS rules shown in this figure are example rules that aim to explain how the steering procedure works.
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3. Proposal
It is proposed to include the above discussion into TR 23.793 as a new solution that specifies how the ATSSS policy can be applied for steering selected traffic or all the traffic of a MA-PDU session according to one or more steering modes.
* * * 1st Change * * * 

6.x
Solution X: Traffic steering with ATSSS Policy
6.x.1
General

The traffic of the MA-PDU session could be split across the two accesses of the MA-PDU session by using different steering modes (or "steering strategies"). Some of these steering modes are discussed below.
	
	Steering Mode
	Comments

	#1
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	Active-Standby steering: All (or some of) the traffic of the MA-PDU session is sent to one access only, which is called the "Active" access. The other access serves as a "standby" access and takes traffic only when the active access becomes unavailable. When the active access becomes available again, the traffic is transferred to the active access.

The active access can be defined when the MA-PDU session is established and can either (a) remain the same during the lifetime of the MA-PDU session or (b) can change during the lifetime of the MA-PDU session.

· Benefit: The MA-PDU session can provide enhanced continuity. Traffic can be switched from the active access to the standby access and vice versa with minimum or no signalling.

· Complexity: Small
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	Priority-based steering: The two accesses are assigned a priority, e.g. during the establishment of the MA-PDU session. All traffic of the MA-PDU session is sent to the high priority access. When congestion arises on the high priority access, new data flows (the "overflow" traffic) are sent to the low priority access. In addition, when the high priority access becomes unavailable, all traffic is switched to the low priority access.

If needed, it could be possible to change the priorities of the accesses during the lifetime of the MA-PDU session.

· Benefit: The MA-PDU session can provide enhanced continuity and increased bandwidth (because both accesses can be used simultaneously).

· Complexity: Requires the UE and/or the network to determine when congestion arises on the high priority access. This may be a complex task.
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	Best-Access steering: The same as the Priority-based steering but with the following difference: The high priority access is the one that can provide the best performance, e.g. the one with the smallest RTT. In this case, the high priority access is not pre-defined (as in Priority-based steering) but it is estimated in real-time and can change dynamically. 

· Benefit: The MA-PDU session can provide enhanced continuity, increased bandwidth and better performance (compared to Priority-based).

· Complexity: Requires the UE and/or the network to estimate the best access and to determine when congestion arises on the best access. This may be a complex task.

NOTE: The best access could be estimated by the network by using Access Measurements as those considered in Solution 1 (see TR 23.793, clause 6.1.2.1) or by using a Path Performance measurement function as the one considered in Solution 3 (see TR 23.793, clause 6.1.2.1).
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	Redundant steering: All data flows are transmitted on both accesses in order to increase reliability.

· Benefit: The MA-PDU session can provide very high data reliability (i.e. very small packet error rate) and session continuity.

· Complexity: High – The receiving side should be able to detect and discard duplicate packets. For this purpose, the sending side could append sequence numbers to the transmitted packets. In addition, to provide in-sequence delivery, the receiving side should be able to buffer and re-order the received packets. 



	#5
	[image: image11.emf]Steering Mode = Load-balance

MA-PDU 

Session

Non-3GPP 

Access

3GPP

Access

Data flows to be sent over 

the MA-PDU session

50%

50%


	Load-balance steering: Each access receives a percentage of the data flows transmitted via the MA-PDU session. Essentially, each access is assigned a weight factor (e.g. 50%) and receives a percentage of the overall MA-PDU session traffic corresponding to this factor. 

In a 50/50 load-balancing, the overall traffic of the MA-PDU session is equally split across the two accesses. In an 80/20 load-balancing, about 80% of the overall traffic is sent on one access and 20% on the other access.

· Benefits: The MA-PDU session can provide bandwidth aggregation with a certain load balancing ratio.

· Complexity: Relatively small – There is no need to assess the transmission performance on every access. 




Editor’s note: Whether additional steering modes should be considered is FFS.
In the context of ATSSS, at least the Active-Standby steering mode (#1) should be supported as it provides benefits and minimum complexity. Note that the Active-Standby steering mode can be applied to all or to some of the traffic of a MA-PDU session. For example, applying Active-Standby steering to TCP/port 1234 traffic, means that this traffic should be transferred on the Active access, if available, or on the Standby access, when the Active access is unavailable. It is possible also to define no Standby access, in which case the traffic is restricted to one access only and it is forbidden on the other access.

Editor’s note: It is FFS if additional steering modes from the table above should be supported. Steering modes (#2-#5) should be further evaluated especially in terms of complexity.

6.x.2
ATSSS Policy

The steering modes discussed above could be applied in a MA-PDU session by enforcing the appropriate ATSSS policy for the MA-PDU session. For example, during the establishment of an MA-PDU session, the PCF in the network could create the ATSSS policy for the MA-PDU, which could then be transferred to UE for uplink traffic steering and to UPF for downlink traffic steering. 

The ATSSS policy includes a prioritized list of ATSSS rules and each ATSSS rule includes a steering mode that should be applied to the traffic matching this rule. For example, the ATSSS policy for a MA-PDU session could contain:

· First ATSSS rule (priority 1): 

· Traffic filter: Traffic of App-X

· Steering mode: Active-Standby steering; Active access: 3GPP, Standby access: non-3GPP

· Second ATSSS rule (priority 2): 

· Traffic filter: TCP traffic with destination IP address 10.10.0.1 

· Steering mode: Active-Standby steering; Active access: 3GPP, Standby access: None

· Default ATSSS rule (least priority): 

· Traffic filter: All traffic 

· Steering mode: Active-Standby steering; Active access: non-3GPP, Standby access: 3GPP

The first ATSSS rule steers the traffic of App-X to 3GPP access, if available; if not available, it steers the traffic to non-3GPP access. The second ATSSS rule steers the TCP traffic with destination IP address 10.10.0.1 to 3GPP access only. Since no standby access is defined, this traffic cannot be transferred over non-3GPP access, even when the 3GPP access becomes unavailable. The default ATSSS rule steers the rest of the traffic to non-3GPP, if available; if not available it is steered to 3GPP access.

If more steering modes are supported, then more advanced ATSSS rules could be constructed and more advanced traffic steering strategies could be enforced. Below we provide a few examples.

Example 1: If the operator has deployed a video streaming server at address 10.10.0.2, then the streaming traffic between the UE and this server could be load-balanced across 3GPP and non-3GPP access with the following ATSSS rule:

· ATSSS rule (priority x): 

· Traffic filter: UDP traffic to IP address 10.10.0.2 

· Steering mode: Load-balanced steering; 3GPP access: 30%, non-3GPP access: 70%

Example 2: If the network should provide very small packet error rate (i.e. high reliability) when the UE communicates with an application server over TCP/port 1234, then the following ATSSS rule could be provisioned:

· ATSSS rule (priority x): 

· Traffic filter: TCP traffic to port 1234 

· Steering mode: Redundant steering

Example 3: If all the traffic sent over a MA-PDU session should be transferred with the best possible performance, then the following ATSSS rule could be provisioned:

· Default ATSSS rule: 

· Traffic filter: All traffic 

· Steering mode: Best-access steering

Example 4: If all the traffic of a MA-PDU session should be offloaded to non-3GPP access but avoid congestion over non-3GPP access to severely impact the performance, then the following ATSSS rule could be provisioned:

· Default ATSSS rule: 

· Traffic filter: All traffic 

· Steering mode: Priority-based steering; High-priority: non-3GPP, Low-priority: 3GPP
6.x.3
Steering Procedure based on ATSSS Policy

The figure below shows how the UE or the UPF can apply the provisioned ATSSS rules for deciding how to steer the traffic of a MA-PDU session across the 3GPP and the non-3GPP accesses. The ATSSS rules shown in this figure are example rules that aim to explain how the steering procedure works.
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Fig. 6.x.3-1
* * * End of Changes * * * 
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