3GPP TSG-SA WG2#160	S2-2312031
13-17 November 2023, Chicago, IL, USA	(was S2-230xxxx)

Source:	Qualcomm
Title:	System aspects of UL PDU Set QoS enforcement
Document for:	Discussion
Agenda Item:	9.12.2
Work Item / Release:	Rel-18 / XRM
Abstract of the contribution: This paper discusses UL PDU Set QoS enforcement from a system perspective and derives changes needed in SA2 specifications enabling the same.

1.Discussion
1.1	Overview
RAN2 is working on various enhancements to enable uplink PDU Set QoS enforcement [1][2]: 
· Timer-based PDU set discarding;
· PDU Set Importance (PSI)-based PDU set discarding (in case of congestion);
· Delay status reporting of buffered data.
For the first two items, RAN2 is discussing PDCP enhancements to enable NG-RAN to control PDU Set discarding by the UE. For Delay status reporting (DSR) of buffered data, RAN2 is discussing MAC Control Element (MAC-CE) enhancements so that UEs can report the time that remains to deliver buffered data of a PDU Set [1][2].
All these enhancements rely on the UE's ability to detect PDU Sets. With respect to UL PDU Set detection, RAN2 agreed the following [2]:
On the UL, the identification of PDU sets, data bursts and PSI is left to UE implementation. This doesn’t mean UE cannot use information provided by upper layers, but RAN2 does not intend to specify how.
This paper discusses UL PDU Set QoS enforcement from a system perspective and derives changes needed in SA2 specifications to enable the same, including information needed at the UE to detect PDU Sets.
1.2	End-to-end support of UL PDU Set QoS
Whether PDU Set-based QoS can be supported for a QoS flow in uplink direction depends on the following factors:
1)	whether the application (referred to as UE application hereafter) provides PDU Set information to the UE in the RTP Header Extension for PDU Set Marking for the QoS flow;
2)	whether the UE supports extracting PDU Set information from the RTP Header Extension and supports the RAN enhancements for UL PDU Set QoS enforcement (Timer-based PDU set discarding, PDU Set Importance (PSI)-based PDU set discarding in case of congestion and Delay status reporting of buffered data; collectively referred to as UL PDU Set QoS enforcement hereafter);
3)	whether the serving NG-RAN node supports UL PDU Set QoS enforcement.
It is important to emphasize that all the above conditions need to be fulfilled. If for instance the UE supports UL PDU Set QoS enforcement, but the UE application does not provide PDU Set information in the RTP Header Extension, then UL PDU Set QoS cannot be supported.
This has implications on admission control for PDU Set QoS since RAN should only admit UL PDU Set QoS when all the above conditions are fulfilled to avoid that UL RAN resources for PDU Set QoS are reserved unnecessarily. This is particularly important if the PDU Set QoS parameters (PSDB and PSER) require more UL RAN resources than the PDU QoS parameters provided by PCF/SMF for the same QoS flow.
Observation 1: NG-RAN should only admit UL PDU Set QoS when (a) the UE application provides PDU Set information in the RTP Header Extension for PDU Set Marking for the QoS flow, (b) the UE supports extracting PDU Set information from the RTP Header Extension and can enforce UL PDU Set QoS based on the extracted PDU Set information, and (c) if NG-RAN supports UL PDU Set QoS enforcement.
Observation 1 leads to the question how to determine whether NG-RAN, UE and UE application support the respective functionalities.
NG-RAN support of UL PDU Set QoS enforcement can be locally determined by the NG-RAN node when admitting resources, hence no additional signaling is required.
With respect to UE support of detecting PDU Sets based on the RTP header extension and support of UL PDU Set QoS enforcement, this paper proposes to introduce a capability indication to inform the network that the UE supports UL PDU Set QoS enforcement based on the RTP header extension.
In this context it is important to highlight why it is essential to solely focus on the RTP Header Extension for PDU Set Marking as the means for the UE to detect PDU Sets.
[bookmark: _Hlk146200423]Claims have been made in earlier meetings that PDU Sets can also be detected by proprietary means, e.g., based on UPF implementation for downlink traffic. While this may or may not be possible for downlink traffic based on proprietary UPF implementation and based on mutual agreements between the 3rd party (the application function) and the MNO about the traffic/payload type and proprietary capabilities of the UPF to infer PDU Set information for that payload type, the same approach cannot be applied for uplink traffic. This is because the network is not aware (and cannot easily be made aware) of proprietary PDU Set detection capabilities a UE may have. As a result, the network cannot determine whether the UE will be able to detect PDU Sets and enforce UL PDU Set QoS – unless a standardized (and testable) means for providing PDU Set information from the UE application to the UE is used. In Rel-18, only the RTP Header Extension for PDU Set Marking has been standardized for this purpose.
Observation 2: The network cannot determine whether the UE will be able to detect PDU Sets and enforce UL PDU Set QoS unless a standardized means for providing PDU Set information from the application to the UE is used. In Rel-18, only the RTP Header Extension for PDU Set Marking has been standardized for this purpose.
The UE indication of support of UL PDU Set QoS enforcement based on the RTP header extension indication could in principle be supported in AS or NAS; however, to avoid unnecessary cross-layer interactions and given that NAS will anyhow require updates to enable the network to provide Protocol Description information to the UE (see below), this paper proposes a NAS layer indication.
If the UE supports UL PDU Set QoS enforcement based on the RTP header extension and if the Protocol Description received from AF/PCF indicates that the RTP header extension is used for the QoS flow, the SMF may provide the UL PDU Set QoS parameters to NG-RAN and provide the Protocol Description to the UE.
Proposal 1: The UE indicates support of UL PDU Set QoS enforcement based on the RTP header extension in NAS. If the UE supports UL PDU Set QoS enforcement based on the RTP header extension and if the Protocol Description received from AF/PCF indicates that the RTP header extension is used for the QoS flow, then the SMF provides UL PDU Set QoS parameters to NG-RAN and provides the Protocol Description to the UE.
The remaining condition for support of UL PDU Set QoS to be discussed is whether the UE application provides information to the UE PDU Set information in the RTP Header Extension for PDU Set Marking for the QoS flow.
Whether a UE application provides PDU Set information in the RTP Header Extension for PDU Set Marking for the QoS flow can finally only be determined when the application starts sending UL data (e.g., by inspecting the uplink traffic). However, the admission control decision in the RAN is typically taken before the respective UL traffic starts.
An alternative approach to determining whether a UE application will provide PDU Set information is to rely on the AF by assuming that an application function will only request UL PDU Set QoS if the respective UE application provides PDU Set information in the RTP Header Extension for PDU Set Marking. 
An AF may use application layer signaling to determine whether the UE application supports the respective RTP header extension, e.g., by leveraging SDP attribute enhancements indicating PDU Set marking support as specified by SA4 in TS 26.522 clause 4.4.2.5 [3].
It is worth noting that the approach to rely on the application function's awareness of the application's abilities is essentially the same as for downlink PDU Set QoS enforcement. Downlink PDU Set QoS relies on the application server providing PDU Set information. Whether the application server provides such information cannot be determined before the traffic flow starts, which is however typically after the admission control decision has already been taken. Consequently, for downlink PDU Set QoS it is implicitly assumed that the application function is aware whether the application server will provide PDU Set information and only request PDU Set QoS in this case.
Proposal 2: Assume that an application function will only request UL PDU Set QoS if the respective UE application provides PDU Set information in the RTP Header Extension for PDU Set Marking. An AF may use application layer signaling to determine whether the UE application supports the respective RTP header extension, e.g., by leveraging SDP attribute enhancements indicating PDU Set marking support as specified by SA4 in TS 26.522 clause 4.4.2.5 [3].
1.3	PDU Set-related information needed at the UE
To enable PDU Set QoS in the uplink direction, the following needs to be discussed:
-	Information needed at the UE for PDU Set detection based on the RTP Header Extension for PDU Set Marking;
-	Information needed at the UE for PDU Set QoS enforcement in uplink direction.
With respect to the first aspect, i.e., to enable the UE to detect the RTP Header Extension for PDU Set Marking, the UE needs the following information:
-	packet filters identifying the flow;
-	the local identifier of the RTP header extension used within RTP packets (note that the identifiers for RTP header extensions in a particular RTP stream are assigned dynamically, see RFC 8285 [4]);
-	whether the one or two byte format is used (see TS 26.522 [3]);
-	whether the PDU Set Size is included in the RTP header (see TS 26.522 [3]).
Since the packet filters are already provided to the UE as part of QoS rules, this paper proposes to provide the additional RTP extension header-related information also as part of QoS rules. If a UE (that has indicated support) receives a QoS rule, which includes RTP extension header-related information, the UE shall start detecting PDU Sets based on the RTP Header Extension for PDU Set Marking identified by the information in the QoS rule.
Proposal 3: The SMF may provide information to enable the UE to detect PDU Sets based on the RTP Header Extension for PDU Set Marking as part of QoS rules. If a UE (that has indicated support) receives a QoS rule, which includes information how to detect the RTP Header Extension for PDU Set Marking, then the UE shall start detecting PDU Sets based on the RTP Header Extension for PDU Set Marking. The additional information consists of the local identifier of the RTP header extension, an indication whether the one or two byte format is used and an indication whether the PDU Set Size is included in the RTP header.
With respect to the second aspect, i.e., information needed at the UE for PDU Set QoS enforcement in uplink direction, this paper proposes to conclude that no additional information is needed for the following reasons. 
TS 23.501 [4] clause 5.7.7 lists PDU Set Delay Budget (PSDB), PDU Set Error Rate (PSER) and PDU Set Integrated Handling Information (PSIHI) as the PDU Set QoS parameters.
PSDB and PSER are not needed at the UE as they are enforced by NG-RAN. PSIHI indicates whether all PDUs of the PDU Set are needed for the usage of the PDU Set by the application layer in the receiver side and is needed to determine whether PDU set discarding can be applied. However, since RAN controls PDU Set discarding by the UE and RAN is aware of the PSIHI for a QoS flow, RAN can take the PSIHI into account when activating PDU Set Discard for a UE. Hence there is no need for the UE to also receive the PSIHI.
Observation 3: The PDU Set QoS parameters PSDB and PSER are not needed at the UE for UL PDU Set QoS enforcement as PSDB and PSER are enforced by NG-RAN. PSIHI is also not needed at the UE because RAN controls PDU Set discarding by the UE and can take the PSIHI into account when activating PDU Set Discarding for a UE.
Proposal 4: PDU Set QoS parameters (PSDB, PSER, PSIHI) are not provided to the UE.
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3.	Proposal
This paper makes the following proposals:
-	Proposal 1: The UE indicates support of UL PDU Set QoS enforcement based on the RTP header extension in NAS. If the UE supports UL PDU Set QoS enforcement based on the RTP header extension and if the Protocol Description received from AF/PCF indicates that the RTP header extension is used for the QoS flow, then the SMF provides UL PDU Set QoS parameters to NG-RAN and provides the Protocol Description to the UE.
-	Proposal 2: Assume that an application function will only request UL PDU Set QoS if the respective UE application provides PDU Set information in the RTP Header Extension for PDU Set Marking. An AF may use application layer signaling to determine whether the UE application supports the respective RTP header extension, e.g., by leveraging SDP attribute enhancements indicating PDU Set marking support as specified by SA4 in TS 26.522 clause 4.4.2.5 [3].
-	Proposal 3: The SMF may provide information to enable the UE to detect PDU Sets based on the RTP Header Extension for PDU Set Marking as part of QoS rules. If a UE (that has indicated support) receives a QoS rule, which includes information how to detect the RTP Header Extension for PDU Set Marking, then the UE shall start detecting PDU Sets based on the RTP Header Extension for PDU Set Marking. The additional information consists of the local identifier of the RTP header extension, an indication whether the one or two byte format is used and an indication whether the PDU Set Size is included in the RTP header.
-	Proposal 4: PDU Set QoS parameters (PSDB, PSER, PSIHI) are not provided to the UE.
In line with this, this paper proposes to approve the companion CRs in S2-231xxxx, S2-231yyyy and S2-231zzzz.
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