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Discussion 
Conclusions for KI #3 have a few open issues. 

Editor’s note #1 and #2:
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.

Editor's note:
Use of a duplication factor for RSM in dynamic mode is FFS.
The use of “duplication factor” has been discussed for a few meetings. The main purpose to have this (optional) parameter would be to give PCF a method to limit the number of duplicated packets. For example, PCF could indicate to UE/UPF to only duplicate 10% of the packets, or 50%. The UE/UPF would then select a subset of the packets in some way and duplicate the requested amount. The selection would be left to UE/UPF implementation: For example, UE/UPF could select packets at random, or try to make a more intelligent selection of “important” packets, assuming that the application can more easily handle a situation where one type of packets are lost or delayed compared to other types of packets. 

There are several unclear aspects of duplication factor:

- 
The purpose of the duplication factor is not fully clear. Is it intended as a bit rate control mechanism, where e.g. some subscribers may only be allowed a 30% duplication factor, but if they pay a bit more, they can have 70% duplication factor? Or is the purpose to optimize the redundant steering mode by balancing the resource consumption against the benefits of duplication? 

o 
If the purpose of duplication criteria is to optimize the balance between resource consumption and benefits of duplication, it is not clear that this be achieved by a fixed duplication factor selected by PCF. Such optimization would likely require a more dynamic adjustment of the duplication rate taking into account other factors as well (see further discussion below).

o 
If the purpose is to use as a bit rate control mechanism, e.g. allowing premium subscribers to use a higher duplication factor than regular subscribers, the use case is questionable. Why introduce a bit rate limiting feature that may not make a difference to the end result. In that case existing methods like MBR or QoS class can be used to provide the desired differentiation.  

- 
It is not clear that PCF can select a suitable duplication factor for the application traffic. What would the criteria be to select whether an application would benefit of 30% duplication or whether those 30% would make no difference at all and thus be wasted?

-  
The relation between duplication factor value and the characteristics of the accesses impacts the end-result. Duplication is typically used to improve situations where both links are bad, e.g. with a high PLR. If PLR is high, a higher duplication factor may thus be needed to achieve the same improvements. Having PCF set a fixed duplication factor may not result in a consistent improvement. An alternative solution may be to instead support a redundant mode where UE/UPF may save precious resources by duplicating only a subset of the traffic (“important” packets) based on their own understanding of access characteristics (e.g. PLR) and the application traffic. PCF may thus, depending on application, provide a “resource conservation” indication when activating redundant steering mode.  
- 
How will UE/UPF select the subset of the packets to duplicate? In many cases traffic is e2e encrypted and UE/UPF would only be able to select packets randomly. Duplicating a random subset of application traffic may not result in an improvement, but it costs resources. 
Proposal: Remove ENs without introduction of duplication factor
Editor’s note #3:

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.

At SA2#152E it was discussed whether a duplication criterion (and associated threshold) for RTT should be included or not. The proponents argued that if the two accesses have a delay above the threshold, and they have a certain variance in the delays, then duplicating traffic would lower the average delay of the traffic. This can be true if both accesses have similar delays, but if the RTT differs a lot between the two accesses, then 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. Some applications may be dependent on the max delay (or 90th percentile) and may not experience any improvements if the average delay is reduced somewhat but the max delay stays the same. 

The figure below shows a calculation of how much the average delay is reduced with duplicated packets depending on the minimum delay in each access (δ) and the standard deviation (σ) of the delay (basically the jitter). We assume the minimum delay in access1 to be δ1 = 20ms. The standard deviation is assumed to be the same in both accesses (i.e.  σ1 = σ2). The figure shows the improvements in the average delay depending on the value of the standard deviation (σ) and the difference between the minimum delays in the two accesses (δ2-δ1). The delay is assumed to be exponentially distributed for delays above the minimum value δ, which is a common assumption in queuing theory. As can be seen, unless the RTT is similar in the two accesses (i.e. δ2-δ1 is small) and the jitter is quite sizeable, there is very little gain with duplication. The detailed numbers of course depend on the assumptions, but the qualitative result should be the same even if e.g. a different distribution is used.  
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Figure 1: RTT improvements with packet duplication
A fixed RTT threshold is thus a very crude way to determine when duplication can help, and in practice, RTT threshold for redundant steering would not be better than using Lowest-Delay steering mode but consume more resources. A more efficient handling would need to allow the UE and UPF implementations to consider more aspects. For example, a simple indication to UE/UPF to duplicate only if the max/average delay/jitter can be significantly reduced may work better than a RTT threshold.
Proposal: Do not introduce duplication criteria, in addition to PLR, in rel-18
Proposal

It is proposed to update TR 23.700-53 as follows:
**** First Change ****

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.


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



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.


5) 
The duplication criteria contain threshold values for Packet Loss Rate (PLR).
PLR is measured by UE and UPF as specified in rel-17. 

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.

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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