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Abstract of the contribution: This contribution expresses views on evaluation and conclusion of KI#3. 
Discussion 
All solutions for KI#3 propose to define a new steering mode for redundant steering. The PCF determines the steering mode for the traffic and thus decided when redundant steering mode is applied.  

The main difference between solutions is whether UE and UPF consider additional criteria to determine when to duplicate packets when redundant steering mode has been activated, i.e. for traffic where the PCF has activated redundant steering mode the UE/UPF decides dynamically based e.g. on thresholds whether that traffic should be duplicated or not. Without duplication criteria, all packets are duplicated once PCF has activated redundant steering mode. One solution (#3.6) proposes a redundant steering mode without additional criteria. The other solutions propose duplication criteria as listed below:

- 
Packet Loss Rate (PLR) threshold (Sol# 3.1, 3.2)

-
Round Trip Time (RTT) threshold (Sol# 3.3, 3.5)

-
Max or Fixed duplication rate percentage (Sol# 3.3, 3.4)

Based on our evaluation below, our preference is to support a redundant traffic steering mode without any criteria (as in Sol#3.6) but it is also acceptable to allow UE/UPF to duplicate only in cases where it can improve the performance. This latter aspect may reduce the resource consumption in cases where a full redundancy is not needed, i.e. where e.g. some packet loss may be acceptable. Based on our evaluation below, simple thresholds (e.g. for PLR or RTT) may however not achieve this and it may be better to leave this to UE/UPF implementation. 
Proposal

It is proposed to update TR 23.700-53 as follows:
**** First Change ****
7.X 
Evaluation for KI#3: Support of redundant traffic steering
All solutions for KI#3 propose to define a new steering mode for redundant steering. The PCF determines the steering mode for the traffic and thus decided when redundant steering mode is applied.  

The main difference between solutions is whether UE and UPF consider additional criteria to determine when to duplicate packets when redundant steering mode has been activated, i.e. for traffic where the PCF has activated redundant steering mode the UE/UPF decides dynamically based e.g. on thresholds whether that traffic should be duplicated or not. Without duplication criteria, all packets are duplicated once PCF has activated redundant steering mode. One solution (#3.6) proposes a redundant steering mode without additional criteria. The other solutions propose different duplication criteria as listed below:

- 
Packet Loss Rate (PLR) threshold (Sol# 3.1, 3.2)

-
Round Trip Time (RTT) threshold (Sol# 3.3, 3.5)

-
Max or Fixed duplication rate percentage (Sol# 3.3, 3.4)

The different criteria are evaluated below:

-
Packet Loss Rate (PLR) threshold (Sol# 3.1, 3.2)
o 
Sol #3.1 and #3.2 have different approaches for supporting this criteria. Sol 3.1 proposes that if one of the accesses fulfils the PLR threshold that access is used, but if both accesses exceed PLR threshold, packets are duplicated. Sol #3.2 instead proposes that PCF indicates a primary access and if that access fulfils the PLR threshold that access is used, but if the primary access exceeds PLR threshold packets are duplicated and sent on both accesses.

o
Sol #3.2 has a drawback that if primary access exceeds the PLR threshold and packets are duplicated on secondary access, the duplication is not worth much if the secondary access has a low PLR. In that case it would have been better to simply use the secondary access only since duplication does not bring any benefits and instead costs resources. 

> 
Sol #3.1 does not have this issue. However, it should then be assumed that RTT in the two links don’t differ too much as it may introduce too high jitter for the application and e.g. cause overflow in buffers on the receiver side. The UE/UPF implementations would need to take this into consideration. 

> 
Furthermore, the time scales of PLR fluctuations need to be considered. Short-lived PLR increases (e.g. with 3GPP radio access) may not be solved by PLR thresholds since the increased PLR may be gone when the UE/UPF has detected it and started duplication. That leads to a toggling between duplication and no duplication without any improved user experience. The UE/UPF implementations would need to take also this into consideration. 

o
Considering the above, even if a PLR threshold is provided, if efficiency is a goal of providing thresholds, the UE/UPF need to consider other aspects (e.g. hysteresis, difference in RTT etc) when determining whether it is useful to duplicate packets or not. 

-
Round Trip Time (RTT) threshold (Sol# 3.3, 3.5)
o 
Sol #3.2 has a similar issue as for PLR. If packets are sent on a primary access if RTT<threshold and duplicated if primary access RTT>threshold, then there is no guarantee for success. The secondary access may have a better RTT and thus could be used instead of primary link. Duplication would not bring any benefits compared to Lowest-Delay steering mode. 

o
If both accesses exceed the threshold, but the RTT differs a lot between the two accesses, then again 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. RTT threshold for redundant steering is thus not better than using Lowest-Delay steering mode but consumes more resources. 

- 
Max or Fixed duplication rate percentage (Sol# 3.3, 3.4)
o
A redundant steering mode where UE/UPF duplicates random packets up to a percentage criterion has a very unclear purpose. It would rate limit the duplicated traffic but duplicating only some packets randomly makes the chance that this redundant traffic is useful very low. 

o 
Sol #3.3 proposes that UE/UPF duplicate “important” packets up to the percentage provided by PCF. It is not clear that PCF can decide a suitable percentage for each application. Also, the data rate is already limited by the GBR and MBR values, and a duplication would maximally consume twice that amount. PCF thus already has control over the steering modes and bit rates. If this is about providing an “efficient” duplication that compares the benefits of duplication against the increase in resource consumption, it is better to leave the decision on how much to duplicate to UE/UPF implementation. 

**** Next Change ****

8
Conclusions

Editor's note:
This clause enlists the conclusions of the study, including agreements for work to be done in the normative phase.

8.X Conclusions for KI#3: Support of redundant traffic steering
A new steering mode for redundant steering (i.e. duplication of packets over both accesses) is defined. When redundant steering mode is activated, packets are duplicated over both accesses (if available). 

The PCF may indicate to UE/UPF that they can duplicate packets only when UE/UPF considers that it will improve the performance. In this case UE/UPF takes, based on implementation, the characteristics of each access (e.g. PLR, RTT) into account when deciding whether to duplicate packets. For example, UE/UPF duplicates packets only when the PLR is high on both accesses and RTT is similar on the two accesses. If this indication is not provided, UE/UPF duplicates all packets on both accesses. 

**** End of Changes ****
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