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Abstract: This contribution proposes a solution for asynchronized redundant traffic steering mode 
1. Discussion
Solution#3.5 proposes a mechanism where MxTS at the UPF can enable the activiation/deactivation of redundant steering functionality based on the measurement information. However, the mechanism proposed by the solution, as a kind of synchronized redundant mechanism, is not effective for solving 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 arrival. 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.

To solve the aforementioned issue, this solution proposes an asynchronized 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 configured QoS flow 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: asynchronized redundant steering mode
This contribution proposes to solve the following issues regarding asynchronized redundant steering mode:

- 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.
* * * * Start of the 1st change (all new texts) * * * *
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
	Asynchronized Redundant steering mode
	#3


* * * * Start of the 2nd change (all new texts) * * * *
6.X
Solution #X: Asynchronized Redundant Traffic Steering Mode
6.X.1
Introduction

This solution addresses aspects of KI#3 and proposes asynchronized redundant traffic steering mode. The solution covers the activation and deactivation for asynchronized redundant traffic steering mode. The criteria for triggering the asynchronized 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. Asynchronized redundant traffic steering mode needs to be considered and should be dynamically activated / deactivated on a per-packet basis. Asynchronized redundant traffic steering mode is for solving 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 arrival. 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.
Asynchronized redundant steering mode can overcome MP-HoL blocking at the expense of introducing minimum redundant traffic overhead. In asynchronized redundant steering mode, the MxTS for the UPF keeps track of a queue for unacknowledged packets. Upon the receipt of indication for triggering the asynchronized redundant steering mode or the criteria of asynchronized redundant steering mode is met, the MxTS for the UPF can activate the asynchronized redundant steering mode by sending duplicates of the unacknowledged packets at another path (e.g. 3GPP access). The asynchronized redundant steering mode can use a configured QoS flow 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 asynchronized 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 asynchronized redundant traffic 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.
-
Trigger indication from the Mx tunnel: This is an trigger from MP-QUIC/DCCP tunnel to activate the asynchronized redundant traffic steering mode.
Editor’s Note:
It is FFS if additional measurements may be needed.
6.X.3
Procedures
The following procedure (Figure 6.X.3.1) describes how asynchronized redundant traffic steering can be dynamically activated and/or deactivated.
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Figure 6.X.3-1: Asynchronized Redundant Steering Mode: Activation/Deactivation of Asynchronized 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 asynchronized 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 configuration indication of a QoS flow for asynchronized redundant steering of the unacknowledged packets. The N4 rules include an indication whether the UPF should start with asynchronized redundant steering activated or deactivated, as well as the criteria to activate or deactivate asynchronized redundant steering mode.
In step 5, SMF sends to UE, through AMF, a PDU Session Establishment/Modification Accept message including ATSSS rules for asynchronized redundant steering mode, Measurement Assistance Information and the configuration indication of a QoS flow for asynchronized redundant traffic steering of the unacknowledged packets. The ATSSS rules include an indication whether the UE should start with asynchronized redundant steering activated or deactivated, as well as the selection criteria for activation or deactivation of asynchronized 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 asynchronized 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 asynchronized redundant steering should be activated or deactivated for the uplink 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 asynchronized redundant steering 

SMF

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

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

UE:

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

-
Shall be able to determine whether asynchronized redundant steering is activated or deactivated.
* * * * end of change * * * *[image: image5.png]
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2. PDU Session Establishment/Modification Request (support for redundant steering mode)
SMF
1. UE app decides to initiate communication with AS. UE determines to use a MA-PDU session.
4. N4 session establishment/modification request (N4 rules (including selection criteria, initial activated/deactivated), Measurement Assistance Information)
N4 session establishment/modification response
5,.PDU Session Establishment/Modification Accept (ATSSS rules (including selection criteria, initial activated/deactivated), Measurement Assistance Information)
3. SMF determines ATSSS rules, N4 rules, Measurement Assistance Information
UPF configures tunnel server  for MA-PDU session flows
6. UE configures tunnel client for MA-PDU session flows
7. If measurements not available, UE and UPF transmissions use traffic duplication, if initially activated
UE and UPF monitor selection criteria and decide whether traffic duplication is activated or deactivated



