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Abstract of the contribution: This paper updates evaluation and conclusions of KI#3 in TR 23.700-53.
Discussion

Several solutions have been proposed for KI#3. Except for one, all other solutions propose that traffic duplication should be not always performed but based on certain additional criteria, since it comes with a cost of extra utilization of resources. Thus, it can be expected that for many flows, if not all (depending on the related conclusions), full duplication will be applied, which may lead to network congestion and overload. In many cases duplication could be suspended if it does not really improve the user experience.
To address this issue, it is proposed to enable the UPF to temporarily suspend duplication as described in solution #3.7, if needed, e.g., during UPF congestion. Whereas access congestion can be somehow addressed by using PLR and RTT thresholds, this works only if PLR/RTT thresholds are configured for RSM. This does not work for use cases where static 100% duplication of traffic is done. In addition, the UPF covers potentially a wide area where many UEs are registered and using ATSSS and knows exactly the reason of congestion and the actual benefit of duplication.
Proposal

The following changes are proposed for the evaluation and conclusions in TR 23.700-53.
* * * Start of changes * * * 

7.2
Evaluation for KI #3: Support of redundant traffic steering

7.2.1
Considerations on RSM with Duplication Criteria

In order to support redundant traffic steering, there are solution #3.1, 3.2, 3.3, 3.4, 3.5 and 3.6 proposed to define the Redundant Steering Mode (RSM). If this new steering mode is applied by UE and UPF, the traffic is transmitted via 3GPP and non-3GPP accesses in a redundant way.
Considering redundant transmission is costly, which consumes at maximum double resources compared with normal transmission without duplication, duplication criteria may be defined to indicate when RSM should be initiated. In other words, predefined conditions or criteria, as proposed by quite a few solutions, such as solution 3.1, 3.2, 3.3 and 3.4, can be defined as trigger points for initiating redundant transmission. The duplication criteria may not always be needed as, in some cases, applications may always require redundant transmission without criteria for activation / deactivation.

One of the major benefits of redundant transmission is to reduce packet loss rate, therefore Packet loss rate should be taken as one of the criteria. Except packet loss rate, other criteria proposed by solution 3.3 and / or solution 3.4 to trigger redundant transmission, include Round Trip Time (RTT), jitter, percentage of duplicated traffic and load on an access network.

Another benefit of redundant transmission is to reduce the RTT. If the RTT via both accesses cannot satisfy the traffic requirement, the redundant transmission can reduce the RTT because the receiver always selects the packet that arrives faster. Note that if the RTT over 3GPP access is smaller than the RTT over non-3GPP access, this does not mean that all packets arrive faster via 3GPP access. Some percentage of packets will arrive faster via non-3GPP and since the receiver always selects the packet that arrives first, this means that the RTT due to redundant transmission will be smaller than the RTT over 3GPP access and than the RTT over non-3GPP access. However, if both accesses exceed the threshold, but the RTT differs a lot between the two accesses, duplication will not help much. A few packets may arrive earlier via the slow access (depending on the jitter) but the max delay may not decrease in any significant way. Redundant steering based on RTT threshold may thus not be better than using Lowest-Delay steering mode but consumes more resources.
Editor's note:
Evaluation of the duplication factor is FFS.

7.2.2
Considerations on RSM without Duplication Criteria

Some of the solutions (#3.3 and #3.4) propose that the core network can decide how much of the traffic is duplicated on either of the accesses and provides this information in ATSSS rules to the UE and in the MAR rules to the UPF without indicating any duplication criteria. The amount of traffic that is duplicated on the secondary access is defined by a duplication factor between 0% and 100%. This can be used to limit the number of duplicated packets to the ones seen as important for UE and UPF.

Editor's note:
Evaluation of the duplication factor is FFS.

7.2.X
Considerations on RSM suspension
Whereas Duplication Criteria control the activation of duplication based on the state of each of the available accesses, the overall network situation is not considered by any of the traffic duplication solutions. Thus, it can happen that the network is congested and activating traffic duplication even worsens this situation. This issue would be amplified if only full duplication is applied. Solution #3.7 proposes to temporarily suspend the use of duplication, whenever it is beneficial for the overall network performance, e.g., due to UPF congestion. Although this can be performed by updating ATSSS and N4 rules, such a pure control-plane solution would be slow and not flexible enough, as it requires the coordination of several network entities. Instead, the UPF can react immediately, and user-plane suspension can be implemented by extensions of the PMF protocol as per solution #3.7.
* * * Next changes * * * 

8.2
Conclusions for KI #3: Support of redundant traffic steering
A Redundant Steering Mode (RSM) shall be defined in the normative phase, which supports the following features:

1)
The PCF decides the SDF(s) for which RSM should be applied based on its own criteria and/or based on information received from AFs.

2)
Duplication criteria may be provided by PCF for an SDF using a non-GBR QoS flow. Duplication criteria shall not be provided for SDFs using GBR QoS flows.

3)
When duplication criteria are not provided for an SDF, then RSM operates in static mode. In this mode:

-
the UE/UPF shall send all data packets of the SDF on both accesses.
Editor’s note:
It is FFS if a duplication factor needs to be supported, which indicates the percentage of the traffic, less than 100%, that can be duplicated on one access. In this case, all data packets of the SDF are sent on a "primary" access and a percentage smaller to 100% is duplicated on a "secondary" access. The following example of ATSSS rule also shows the Duplication factor. If the final conclusion is that there are no other values than 100% to be applied, this duplication factor needs to be removed from the example.


An example of ATSSS rule using RSM is static mode is shown below:
-
Traffic descriptor

-
Application identity: com.example.app0

-
Protocol: TCP

-
Access Selection descriptor

-
Steering functionality: MPTCP

-
Steering mode: Redundant

-
Duplication factor = 100%


This means that:

-
Redundant traffic steering is applied by the MPTCP steering functionality to the TCP traffic of application "com.example.app0".

-
100% of the traffic is duplicated over both accesses.

4)
When duplication criteria are provided for an SDF, then RSM operates in dynamic mode. In this mode:

-
When the duplication criteria are fulfilled on both accesses, the UE/UPF shall duplicate the traffic of the SDF on both accesses.

-
When the duplication criteria are fulfilled on one access only, the UE/UPF shall send the traffic of the SDF over the other access only.

-
When the duplication criteria are not fulfilled on both accesses, the UE/UPF shall send the traffic of the SDF over the "primary" access. The "primary" access may be selected by PCF and indicated to UE and UPF in ATSSS and N4 rules or may be selected by UE/UPF based on their own implementation (e.g., using the best performing access). If the measurements are not available to evaluate the duplication criteria for an access, it is assumed that the duplication criteria are not fulfilled on this access.

NOTE:
For example, the duplication criterion "Max PLR = 0.1%" is fulfilled on one access when the measured PLR on this access exceeds the 0.1% threshold.

Editor's note:
Use of a duplication factor for RSM in dynamic mode is FFS.

5) 
The duplication criteria contain threshold values for Packet Loss Rate (PLR).

Editor’s note:
The criteria for initiating traffic duplication (i.e., what thresholds can be used) and if additional duplication criteria will be supported needs further study.

6)
The existing structure of ATSSS/N4 rules shall be re-used with enhancements for supporting RSM. An example of an ATSSS rule using dynamic RSM is shown below.
-
Traffic descriptor

-
Application identity: com.example.app1

-
Protocol: TCP

-
Access Selection descriptor

-
Steering functionality: MPTCP

-
Steering mode: Redundant

-
Steering Mode Information: Primary access=3GPP

-
Threshold Values: Max PLR = 0.1%


This ATSSS rule indicates that:

-
Redundant traffic steering shall apply to the TCP traffic of application "com.example.app1".

-
If the measured PLR exceeds 0.1% on both accesses (duplication criteria fulfilled on both accesses), then all matched traffic shall be duplicated on both accesses.

-
If the measured PLR does not exceed 0.1% on both accesses, then all matched traffic shall be sent over 3GPP access only (as the primary access).

-
If the measured PLR does not exceed 0.1% on one access only (either 3GPP or non-3GPP), then all matched traffic shall be sent over this access.

7)
The redundant traffic steering shall be applicable to both GBR and non-GBR traffic. For GBR traffic, the SMF shall provide the GBR QoS profile to both accesses.

8)
The Nnef_AFsessionWithQoS API can be used by an AF to indicate the desired packet delay and/or packet loss rate for a data flow. This information can be considered by PCF when deciding the steering mode for this data flow and may influence when traffic duplication is activated or deactivated.

9)
The RSM does not apply to the ATSSS-LL steering functionality.
10)
UPF can suspend traffic duplication for a UE, e.g., in case of locally detected UPF congestion, via an extension of the PMF protocol. It is up to UPF to decide for which UEs traffic duplication is suspended. UPF can at any time decide to terminate duplication suspension for one or several UEs via the PMF protocol.
Editor’s note:
Additional bullets may be added before the completion of this study. It should also be defined how the steering functionality handles the duplicated packets.
* * * End of changes * * * 
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