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Abstract of the contribution: This contribution addresses open issues in the evaluation and in the conclusion of KI#3 (new Redundant Steering Mode).
1.
Discussion
As described in solution clause 6.6.2.1 of TR 23.700-53:

The SMF indicates to the UE and to the UPF via ATSSS rules and N4 rules, respectively, the details of the RSM:

-
indication of which traffic and/or application is subject to RSM.

-
how much of that traffic needs to be duplicated (duplication factor): this may vary between 0 to 100%. If 0% is indicated, it means that no duplication takes place and that all the traffic is sent only over the primary access link. If, e.g. 20, 50 or 100% is indicated, it means that that only 20, 50 or 90% of the traffic sent over the primary access link is duplicated over the secondary access link. 100% means that all traffic is duplicated over the secondary access link. The indication can be different for UL and DL. For example, there could be a duplication factor of 50% in UL and of only 30% in DL.

-
indication of which of the access paths is the secondary access. If secondary access = 'non-3GPP access', then 100% of the traffic is sent over the 3GPP access path and the X% duplicated PDUs (indicated by the duplication factor) will be sent over the non-3GPP access path. The indication can be different for UL and DL.

NOTE 1:
If the duplication factor is not indicated, it is implicitly assumed that all the traffic is duplicated

In the last SA2#152E meeting, the usefulness of the duplication factor and of the indication of the secondary access signalled (over which the duplicated traffic is to be sent) by the SMF to the UE and UPF was questioned. See S2-2206561r06 clauses 7.x.1 and 7.x.2:
The concrete benefits of duplication based on percentages regarding the given service requirements are however unclear. Furthermore, 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.

Some considerations can be made with respect to these two parameters, and in the author's understanding, they apply to both RSM in static and RMS in dynamic mode.

As a first point, it needs to be pointed out that the GFBR and MFBR values are mandatory only for GBR QoS Flows, while for non-GBR QoS Flows the GFBR value is not used, and the MFBR value is optional. On the contrary, the Redundant Steering Mode (RSM) is applicable to both GBR and non-GBR traffic.
In addition, the duplication factor and the associated secondary access indication from the CN can be used to limit the duplication of traffic below the threshold of the MFBR. For example, the CN may decide to duplicate only part of the traffic so that the overall bit rate for the flow is only minimally impacted. If the usage of the RSM always implied the full duplication of traffic, this could have undesired consequence on the system resource usage.

Finally, in the proposal of Solution 3.4, the duplication factor and the associated secondary access indication may be omitted. In that case it means that the CN implicitly indicates a full duplication of traffic.

2.
Text proposal
It is proposed to agree the following changes vs. TR 23.700-53:
>>>>BEGINNING 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.

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.


7.2.3
Considerations on Duplication Factor and Secondary Access indications
Both in case of RSM with Duplication Criteria (i.e., RSM in dynamic mode) and without (i.e., in static mode), the provision to the UE/UPF of a Duplication Factor and of a Secondary Access in the N4/MAR rules (as described, e.g., in solution #3.4) allows the CN to indicate how much traffic needs to be duplicated and over which access. This is useful because the CN may want to limit how much traffic is to be duplicated (irrespective of whether the RSM is applied to GBR or to Non-GBR flows) below the limit of the full duplication. If the Duplication Factor and the Secondary Access are not indicated, then when RSM is used the UE/UPF will duplicate all traffic.
>>>>NEXT 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 duplicate the packets of the SDF according to the Duplication Factor and the Secondary Access indicated by the SMF in the N4/MAR rules:

-
if provided to the UE/UPF, the Duplication Factor indicates how much traffic needs to be duplicated. The Duplication Factor can be larger than 0% and smaller than 100%. The SMF decides the Duplication Factor value based on the PCC rules from the PCF. Together with the Duplication Factor, the SMF indicates the Secondary Access, that is, the access path over which the duplicated traffic is to be sent.
-
if the Duplication Factor is not provided to the UE/UPF, then 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

-
Duplication factor = 10%
-
Secondary access = Non-3GPP

This means that:

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

-
Of all the traffic sent over the 3GPP access 10% is duplicated over the Non-3GPP access.

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.
-
The SMF may indicate the Duplication Factor and the Secondary Access the UE/UPF in the N4/MAR rules. If indicated, they UE/UPF limit the amount of duplicated traffic as described in bullet 3) above.

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.

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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