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Abstract: This contribution proposes a solution for asynchronous redundant traffic steering mode 
1. Discussion
KI#2 raises the question on how to treat out-of-order delivery caused by per packet splitting. There is case where the out-of-order delivery caused by mult-path access can not be simply solved by re-order mechanism within a short time window because of the multi-path head-of-line (MP-HoL) blocking issue. The MP-HoL blocking happens when the packets sent earlier at the slow path but arrive later than the packets at the fast path, causing out-of-order delivery. It can not be simple solved by the re-order mechanism within the IETF multi-path protocol because the slower path may suffer from a deteriorated wireless envorionment and can not be recovered within a short time. Many real-time application, such as live video broadcasting suffers from this issue, causing poor QoE for customers.
To solve the aforementioned issue, this solution proposes an asynchronous redundant steering mode where the MxTS for the UPF keeps track of a queue for unacknowledged packets. Upon the receipt of indication for triggering the asychronized redundant steering mode or the criteria of asychronized redundant steering mode is met, the MxTS for the UPF sends duplicates of the unacknowledged packets at other paths using a QoS flow with relatively higher priority without waiting for the loss recovery on the original path, allowing the receiver to continue consuming data without suffering from the blocking effect.
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Figure 1: Asynchronous redundant steering mode

This contribution proposes to solve the following issues regarding asynchronous redundant steering mode:

Key issue 2

- How to treat out-of-order delivery caused by per packet-splitting.
Key issue 3
- If duplication criteria are introduced, how ATSSS and MA rules should be modified to allow to indicate the duplication criteria to UE and UPF.

-
Whether and how to introduce mechanisms to activate and deactivate packet duplication in a dynamic manner, e.g. triggered by network entities or application functions.

-
How the receiver (UPF for UL traffic and UE for DL traffic) will treat duplicated packets.
2. Text Proposal

It is proposed to capture the following changes in TR 23.700-53.
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6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues

	Solution #
	Solution Title
	Key Issue(s)

	#3.1
	New steering mode - Redundancy steering mode with packet loss rate
	#3

	#6.1
	Support non-3GPP access leg of MA-PDU Session with PDN connection in EPC
	#6

	#2.1
	MP-DCCP based Steering Functionality
	#2 (DCCP)

	#3.2
	Redundant traffic steering triggered by AF
	#3

	#3.3
	New traffic duplication operation
	#3

	#3.4
	Redundant steering mode with duplication information
	#3

	#5.1
	Support traffic switching between two non-3GPP paths
	#5

	#5.2
	Delaying UDM Registration until non-3GPP access switching completes
	#5

	#5.3
	Path switching between non-3GPP accesses
	#5

	#5.4
	Non-3GPP access path switching in MA PDU Session
	#5

	#2.2
	MPQUIC steering functionality using UDP proxying over HTTP
	#2 (QUIC)

	#2.3
	MPQUIC steering functionality using IP proxying over HTTP
	#2 (QUIC)

	#2.4
	Limiting MA-PDU Per-Packet Overhead
	#2

	#3.5
	Redundant Traffic Steering Mode Activation/Deactivation
	#3

	#X
	Asynchronous Redundant steering mode
	#2


* * * * Start of the 3rd change (all new texts) * * * *
6.X
Solution #X: Asynchronous Redundant Traffic Steering Mode

6.X.1
Introduction

This solution addresses aspects of KI#2 and KI#3 by proposing asynchronous redundant traffic steering mode in order to address the out-of-order delivery issues for different steering mode (e.g. load balancing steering mode) when large multi-path delay difference happens, improving reliability and latency while ensuring QoE for customer. The solution covers the activation and deactivation for asynchronous redundant traffic steering mode. The criteria for triggering the asynchronous redundant steering mode is also specified. This solution is described using existing solution (Solution#3.5 in TR. 23.700-53) as the framework. However, the solution is not tightly tied to this solution, and can work for other solutions.
6.X.2
High Level Description

This solution is proposed based on the protocol stack for MP-QUIC and MP-DCCP described in solution#3.5. Asynchronous redundant traffic steering mode needs to be considered and should be dynamically activated/deactivated on a per-packet basis. Asynchronous redundant traffic steering mode (A-RSM) is for solving the out-of-order delivery issue caused by multi-path head-of-line (MP-HoL) blocking. The MP-HoL blocking happens when the packets sent earlier at the slow path but arrive later than the packets at the fast path, causing out-of-order arrival. It can not be simple solved by the re-order mechanism within the IETF multi-path protocol because the slower path may suffer from a deteriorated wireless envorionment and can not be recovered within a short time. The out-of-order packets are not eligible to be submitted to applications, so the fast paths have to wait. Significant heterogeneity over Wi-Fi, LTE, and 5G, as well as frequent handoffs of mobile terminals will further aggravate this issue.
Asynchronous redundant steering mode can overcome MP-HoL blocking at the expense of introducing minimum redundant traffic overhead. It can be used for minimize MP out-of-order delivery issue for load-balancing steering mode. In asynchronous redundant steering mode, the MxTS for the UPF keeps track of a queue for unacknowledged packets. Upon the receipt of indication for triggering the asynchronous redundant steering mode or the criteria of asynchronous redundant steering mode is met, the MxTS for the UPF can activate the asynchronous redundant steering mode by sending duplicates of the unacknowledged packets at another path (e.g. 3GPP access). The asynchronous redundant steering mode can use a QoS flow with relatively higher priority without waiting for the loss recovery on the original path, allowing the receiver to continue consuming data without suffering from the blocking effect. The criteria of asynchronous redundant traffic steering can be a threshold of delay difference among different paths. After the completion of sending the duplicated packets, the UPF automatically deactivate the asynchronous redundant traffic steering. An example of the operaton of asynchronous redundant steering mode is shown in Figure 6.X.2-1.
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Figure 6.X.2-1: Operation of Asynchronous Redundant Steering
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:

-
Out-of-order delay difference: This measurement indicates the difference between the delay in different access network. The delay is a one-way delay between UE and UPF for uplink transmissions, and between UPF and UE for downlink transmissions.
NOTE: UPF can measure the duration when the va’ue of out-of-order delay difference exceeds a threshold, which triggers the A-RSM. If the duration exceeds a certain threshold, the 5GC can trigger the suspension of the slower path. The slower path in suspension state can only send probing messages for the measurement. If the UPF detects that the out-of-order delay difference improves using the probing message. It can reboot the 2nd path for the data transmission.
-
Trigger indication from the Mx tunnel: This is an trigger from MP-QUIC/DCCP tunnel to activate the asynchronous redundant traffic steering mode, see clause 6 of draft-ma-quic-mpqoe-00 [x], which specifies how asynchronous redundant traffic steering mode can be activated based on the reception of an MP-QUIC signal (i.e. QOE_CONTROL_SIGNAL).
6.X.3
Procedures
The following procedure (Figure 6.X.3.1) describes how asynchronous redundant traffic steering can be dynamically activated and/or deactivated.
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Figure 6.X.3-1: Asynchronous Redundant Steering Mode: Activation/Deactivation of Asynchronous Redundant Steering 
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 asynchronous 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 and the indication of a QoS flow for asynchronous redundant steering of the unacknowledged packets. The N4 rules include an indication whether the UPF should start with asynchronous redundant steering activated or deactivated, as well as the criteria to activate or deactivate asynchronous redundant steering mode.
In step 5, SMF sends to UE, through AMF, a PDU Session Establishment/Modification Accept message including ATSSS rules for asynchronous redundant steering mode, Measurement Assistance Information and the configuration indication of a QoS flow for asynchronous redundant traffic steering of the unacknowledged packets. The ATSSS rules include an indication whether the UE should start with asynchronous redundant steering activated or deactivated, as well as the selection criteria for activation or deactivation of asynchronous redundant steering.

In step 6, UE configures the MxTC.

From this point on, the application traffic is sent over the MA-PDU session between UE and UPF. the MxTS monitors the selection criterion and based on N4 rules, decides whether asynchronous redundant steering should be activated or deactivated for the downlink application traffic. Similarly, The MxTC monitors the selection criterion and based on ATSSS rules, decides whether asynchronous redundant steering should be activated or deactivated for the uplink application traffic. 
6.X.4
Impacts on Existing Nodes and Functionality
PCF

-
Provide PCC rules to SMF, considering the selection criteria to activate or deactivate asynchronous redundant steering 

SMF

-
Based on the PCC rules, create ATSSS rules and N4 rules including the selection criteria to activate or deactivate asynchronous redundant steering.
UPF:

-
Shall be able to determine whether asynchronous redundant steering is activated or deactivated.

UE:

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

-
Shall be able to determine whether asynchronous redundant steering is activated or deactivated.
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