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Abstract of the contribution: This contribution discusses UE-assisted operation and how PMF-UAD request can be used to influence DL traffic steering in UPF. 
Introduction

Last meeting two solutions were discussed for what information the UE provides to UPF in PMF-UAD, so that UPF can adjust the DL distribution based on the UE-requested distribution ratio. There were however no agreements.

This paper analyses briefly the two options proposed last meeting, describes a few additional solution options that would simplify the problem and solution, and proposes a way forward. 
Solutions proposed as SA2#145E
Solution 1: Correlation via ATSSS Rules IDs
This solution was proposed in S2-2103870. The solution is based on that the UPF can correlate a UE PMF-UAD request with existing N4 rules via the ATSSS Rule ID provided by the UE. It is illustrated in Fig 1. 
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Figure 1. Correlation via ATSSS Rules IDs
A benefit with this approach is that it is straightforward for the UE to provide information about the traffic (it works e.g. also if the ATSSS Rule contains Application ID) and simple for the UPF to identify the impacted DL rules. 
The main drawback is that there is a need for correlating ATSSS Rules and N4 Rules. A consequence of this is that it is not easy to support scenarios where UL rules (ATSSS Rules) and DL rules (PDRs, MARs) are completely decoupled, using different PCC rules for DL and UL directions respectively. It should however be noted that a single PCC rule can contain different UL and DL filters, and different Steering Mode parameters in UL and DL. It is thus possible to provide different steering behavior in DL and UL even with this solution. Therefore, the constraint to use single PCC rules, allowing SMF to correlate ATSSS Rules and N4 Rules for UE-assistance purposes, can be considered acceptable. This still allows different steering behavior in UL ad DL and does not impact in any way traffic where UE-assistance is not allowed. 
Solution 2: UE provides packet filters. 

This solution was provided in S2-2104080. The solution is based on that UE provides IP filters (e.g. 5-tuples) that the UPF installs separately from the other packet filters in PDR/PDIs. When a DL packet matches a PDR/MAR where UE-assist is allowed, the UPF also traverses these UE-provided packet filters to see if there is another match. If there is also a match with a UE-provided filter, the UPF can apply the UE-requested ratio, otherwise the ratio in the MAR is applied. The solution is illustrated in Figures 2 and 3.
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Figure 2a. UE provides packet filters
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Figure 2b. UPF packet processing with UE-provided packet filters
This solution does not assume any correlation of DL and UL PCC rules, but there are several drawbacks:

-
High impact on UPF to support a new packet inspection “thread” based on UE-provided filters, separate from existing PDRs/PDIs.
-
Not suitable for Application IDs. An application may use lot of 5-tuples and it is not realistic for a UE to send that many IP filters to UPF. It would also consume a lot of UPF resources. 
-
Unclear how it works if a UE can provide more general UE-PF than full 5-tuples. If the UE can provide e.g. port ranges, IP address ranges etc the filters may overlap. In this case there is a need for the UE to also provide a precedence value with each filter. It is unclear how the UE can determine such precedence value. 
-
Inefficient solution in UPF since the UE-PFs need to be traversed for all DL packets where UE-assistance is allowed, even if there will be no UE-PF that matches.

-
Risk for DoS attacks from UEs providing a lot of IP filters that UPF will have to install, using memory and process resources in UPF. There is no way for UPF to verify that the IP filters actually correspond to traffic where UE-assistance is allowed. 
Other solutions

The main challenge that solutions 1 and 2 addresses is to let the UE influence the DL traffic steering on a per-SDF granularity. There are however simpler solutions without per-SDF granularity where the issues with Sol. 1 and Sol. 2 are avoided. This resolves the drawbacks by moving away from per-SDF correlation of DL and UL traffic distribution. Instead, the UE can influence the DL steering on traffic aggregate level, avoiding the need for matching individual SDFs. 
Solution 3: UE-assist for all traffic where UE-assist is allowed
In this solution the UE only provides a new ratio in the PMF-UAD, and no information about the traffic. When receiving a PMF-UAD, the UPF applies the UE-requested ratio to all traffic that allow UE-assisted operation, i.e. for all MARs marked with “UE-assistance allowed”. Since the UPF already knows the MARs marked with UE-assistance, there is no need for the UE to provide any traffic information. The solution is illustrated in Figure 4.
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Figure 3. UE-assist for all traffic where UE-assist is allowed
This solution is obviously not as fine-grained as solutions 1 and 2, but for the use case of UE assistance (to manage UE-internal issues such as running out of battery) it seems clearly sufficient. It can also be noted that the UE may still apply different UL steering for different SDFs, it is only the PMF-UAD granularity and DL steering that is impacted. Solution 3 is thus a simple solution that avoids the drawbacks with both Sol 1 and 2. 
Solution 4: UE-assist with per-QoS Flow (or other) granularity
A variant of solution 3 with somewhat finer granularity is that the PMF-UAD from the UE can contain a QFI for which the PMF-UAD applies. In this solution the UPF may steer all DL traffic where UE-assist is allowed and that has the same QFI. The solution can also work without explicitly indicating a QFI in the PMF-UAD message if the UE instead implicitly indicates QFI by sending the PMF-UAD message over a specific QoS Flow. It should be noted that with this solution, the UE can still apply different UL steering ratios on a per-SDF granularity.
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Figure 4. UE-assist with per-QoS Flow granularity
The UPF processing becomes more complex compared to Sol 3, since the UPF needs to check both MAR (to see if UE-assistance is allowed) and QER (to determine QFI) to make a decision on DL steering ratio. The granularity of the DL steering for UE-assistance is however higher compared to Solution 2.

There can also be other solution variants where the UE indicates a targeted Steering Mode in PMF-UAD. In this case the UPF applies the requested ratio to all traffic that has a MAR with the same steering mode. (this latter approach is only relevant if UE-assistance is allowed for other steering modes than LB).
Proposal

It is proposed to support solution 3 as it provides an approach to UE-assistance operation with limited impacts to UE, UPF, SMF and PCF that also fulfils the use case. A corresponding 23.501 CR is available in S2-2105522.
If finer granularity is desired, also solutions 1 and 4 are possible. A 23.501 CR for solution 1 is available in S2-2105523. 

Solution 2 is not recommended due to the drawbacks listed.
3GPP
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