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Abstract of the contribution: This document discusses three open issues pertaining to “PMF measurements per QoS flow” and proposes procedures to resolve them.

1. Discussion
Open Issue 1: How does the UE and the UPF decide to perform access measurements per QoS flow, or access measurements over the default QoS flow?
Proposal-1A: During MA PDU Session establishment, a Rel-17 UE indicates in the ATSSS Capabilities that the UE supports measurements per QoS flow. This capability indication is not provided by a Rel-16 UE. 
a. When the SMF receives the UE capability indicating that the UE supports measurements per QoS flow, the SMF determines (e.g. based on local policy) whether measurements per QoS flow should be applied or whether measurements on the default QoS flow should be applied.
b. If the SMF determines that measurements per QoS flow should be applied for the MA PDU Session, then:
i. The SMF selects a UPF that can support measurements per QoS. This is needed only in case that not all UPFs in the network can supports measurements per QoS flow.
ii. The SMF indicates to UE and to UPF to perform measurements per QoS flow. The Measurement Assistance Information provided to UE includes this indication.


Open Issue 2: When the UE and the UPF decide to perform access measurements per QoS flow, how can the UE and the UPF determine the QoS flows over which access measurements should be conducted?
Proposal-2A: This can be done based on the UE and UPF implementation. 
c. For example, the UE determines based on the ATSSS rules that the data traffic of App-1 must be steered with a “smallest delay” steering mode. The UE then determines from the QoS rules that the data traffic of the App-1 is mapped to QFI-1. The UE initiates measurements on QFI-1 over both accesses, assuming the App-1 exists in the UE. 
d. So, the UE inspects the ATSSS rules and the QoS rules and determines itself the list of QoS flows over which access measurements are needed. 
e. The same is done by UPF, i.e. it inspects the N4 rules and determines itself the list of QoS flows over which access measurements are needed. Since the UPF cannot know whether an app exists in the UE or not, the UPF may choose to initiate access measurements on a QoS flow only after the UE initiated access measurements on this QoS flow.

Proposal-2B: The list of QoS flows, over which access measurements are needed, is determined by SMF and is provided to UE and to UPF.
f. This simplifies the UE and the UPF implementation and offloads the determination of the list of QoS flows to the SMF. However, it requires additional information elements since the list of QoS flows should be communicated to the UE and to the UPF.
g. As an example, if the SMF determines that the data traffic of App-1 should be steered with “smallest delay” and the data traffic of App-1is mapped to QFI-1, then the SMF shall include QFI-1 in the list of QoS flows sent to UE and to UPF for access measurements. 
h. If the list of QoS flows created by SMF contains (e.g.) QFI-1, QFI-2, does this mean that the UE and the UPF are mandated to initiate access measurements on these QoS flows? Or, it is optional for the UE and the UPF to initiate access measurements on each of these QoS flow?
i. If it is optional, then the UE and the UPF would need to perform the actions in Proposal 2A to determine whether access measurements are needed over QFI-1 and over QFI-2. For example, if the UE determines that all data traffic mapped to QFI-1 does not require access measurements (based on the ATSSS rules), then the UE would refrain from initiating measurements on QFI-1. In this case, receiving the list of QoS flow from SMF is not really needed.
j. If the UE and the UPF are mandated to initiate access measurements on each QoS flow provided by the SMF, then access measurements may be performed unnecessarily. In the above example (see bullet g), the SMF indicates that access measurements on QFI-1 are needed because the data traffic of App-1 should be steered with “smallest delay” and the data traffic of App-1is mapped to QFI-1. However, if App-1 does not exist in the UE, then the UE and the UPF may unnecessarily initiate access measurements on QFI-1.
k. Another possibility is to send the list of QoS flows from the SMF to the UE and leave it up to the UE implementation either (a) to initiate measurements on each QoS flow in this list (even though this could lead to unnecessary measurements and increased battery consumption, as per bullet j), or (b) to determine itself the list of QoS flows on which access measurements are needed (by taking into account also the apps installed in the UE, as per bullet i). We believe however that it

Conclusion 1: The above Open Issue 1 and Open Issue 2 can be resolved as follows:
-	A Rel-17 UE indicates in the ATSSS Capabilities that the UE supports measurements per QoS flow.
-	The SMF determines (e.g. based on local policy) whether measurements per QoS flow or measurements on the default QoS flow should be applied for the MA PDU Session.
-	If the SMF determines that measurements per QoS flow should be applied for the MA PDU Session, then:
i.		The SMF indicates to UE (within the Measurement Assistance Information) the list of QoS flows over which access measurements may be performed. Based on the UE implementation, the UE determines on which of these QoS flows, access measurements should be initiated (e.g. the UE may not initiate access measurements on a QoS flow indicated by SMF, if the UE transmits no data traffic on this QoS flow that requires access measurements).
ii.		The SMF indicates to UPF the list of QoS flows over which access measurements may be performed. Based on the UPF implementation, the UPF determines on which of these QoS flows, access measurements should be initiated (e.g. the UPF may initiate access measurements on a QoS flow indicated by SMF, only after the UE initiates access measurements on this QoS flow).


Open Issue 3: When the UE and the UPF decide to perform access measurements per QoS flow, how can they send a PMF message to a specific QoS flow?
Proposal-3A: The header of each PMF message contains the QFI on which the PMF message should be sent to.
a. In this case, the UE does not apply the QoS rules to determine the QFI for a PMF message. Instead, it applies a different behavior, i.e.
i. it identifies whether an UL packet is a PMF packet; and
ii. when the UL packet is a PMF packet, it selects the QFI based on the QFI value in the header of this packet.
b. The same behavior is applied by UPF but, instead of QoS rules, it applies the N4 rules (PDR and QER).
c. Conceptually, this is a simple solution but diverts a lot from the normal QFI selection that is applied by the UE and the UPF.

Proposal-3B: Apply the same principles agreed in Rel-16.
a. The figure 3B-1 below illustrates how a PMF message is sent from the UE-PMF to the UPF-PMF, as defined in Rel-16. The UPF-PMF IP address and ports (A for non-3GPP access and B for 3GPP access) are provided to the UE within the Measurement Assistance Information (MAI).
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Fig. 3B-1
b. A similar approach could be applied in Rel-17, as illustrated in the figure 3B-2 below. The difference in this approach (compared to Rel-16) is that more ports are allocated at the UPF-PMF: one port per QoS flow and per access type. The UPF-PMF IP address and ports (A1, A2 for non-3GPP access and B1, B2 for 3GPP access) are still provided to the UE within the Measurement Assistance Information (MAI).
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Fig. 3B-2
c. One difference between the two figures above is that:
i. In figure 3B-1, the SMF does not need to provide QoS rules that match the PMF traffic. Each PMF packet is mapped to the default QoS flow by applying the default QoS rule.
ii. In figure 3B-2, however, the SMF needs to provide QoS rules that match the PMF traffic. Each PMF packet is mapped to a target (non-default) QoS flow by applying such a QoS rule.

Conclusion 2: It is proposed to agree Proposal-3B because (a) it applies the same concepts agreed in Rel-16 and because (b) it applies a single QoS flow selection mechanism for all types of traffic (i.e. for PMF traffic and for non-PMF traffic).

3. Proposal
It is proposed to resolve the above open issues as indicated in Conclusion 1 and Conclusion 2.
The Conclusion 1 is implemented in S2-2102308 and the Conclusion 2 is implemented in S2-2102309.
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