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1. Introduction
The initial conclusion has been made for KI#4&5 in SA2#153e meeting. There are still a few ENs to be resolved and this paper intends to handle the ENs in the conclusion part.
1. 
Editor's note: Whether and how to address the charging offset issue of DL PDU set eligible dropping by the NG-RAN is FFS.
It was agreed that handling of PDU Set is up to RAN WG as per current conclusion. It’s possible that some DL packets may be dropped due to the network congestion or the PDU Set integrated handling. Such dropping may also happen in existing QoS handling due to resource limitation. Whether SA2 should address the charging offset for this dropping should be discussed after RAN behavior becomes clearer. Thus, this EN can be either removed or changed to a NOTE so that we can discuss it during normative phase based on RAN progress. 
2. 
Editor’s Note: the criteria for determining whether a PDU Set is successfully delivered or not are FFS 
For the PDU Set Content Criteria, there are three cases proposed in the TR and mentioned in SA4 LS (S2-2203658):
-	All PDUs in a PDU Set are needed by the application layer. This has also been confirmed by SA4 in the LS (S2-2203658), “the loss of one fragmentation packet of the NAL Unit may result in discarding the entire NAL unit”.
-	The PDUs up to the first error/lost PDU are needed by the application layer. This has also been confirmed by SA4 in the LS (S2-2203658), “receivers may use the data up to the first lost fragmentation unit to recover at least parts of the video data included in the NAL unit”.
-	At least X% PDUs of a PDU Set are needed by the application layer when FEC is used. Based on the SA4 LS (S2-2208157), the application server can provide the flexible updated FEC ratio to the 5GC although fixed FEC ratio is not possible for real-time communications. 
Therefore, it’s proposed to remove the EN and further add the PDU Set Content Criteria as one of the PDU Set based QoS parameters. 
3.
Editor’s Note: The definitions of PSER and PSDB are FFS. For PSDB, it needs further study the impact due to N6 jitter.
In SA2#153e meeting, there is no enough time to get agreement on the definition of PSDB. This paper included the previous version of definition for further discussion.
4. 
Editor’s Note: It is FFS “Whether a PDU Set is still valid in case PSDB is exceeded” is needed. It should be discussed together with the definition of PSDB, specially about the boundary of PSDB.
As mentioned in TR 26.926 and the SA4 LS, in some cases, the late arriving frames/slices may still be decoded and used as reference. Therefore, it’s necessary to indicate whether some PDU Sets are still valid in case PSDB is exceeded. 
5. 
Editor’s Note: Which above PDU Set information parameters is optional is FFS.
For the PDU Set identifier, it’s necessary for NG-RAN to differentiate the PDUs for a PDU Set from others, which is mandatory for PDU Set integrated packet handling. 
For start/end of a PDU Set, it is used to identify the boundary of the PDU Set. UPF may still determine the start of new PDU Set via the new PDU Set ID and the end of the PDU Set based on the PDU Set size. Therefore, it could be optional. 
For the PDU Set size, it may be helpful for resource reservation and PDU Set boundary determination. This is also optional due to: 1) Based on the LS from SA4, the application may not know and signal the PDU Set size to the UPF; 2) With the end of the PDU Set and the SN in the RTP header, the UPF can identify the boundary of PDU Set, even for the out-of-order case. 3) The UPF can also determine its size in a short time period as the PDU Set is sent out by the application server almost at the same time.
For the PDU SN within a PDU Set, it may be helpful in case PDUs up to the first error/lost PDU are needed by the application layer. This depends on the application implementation and should be optional. 
For the PDU Set importance, it is used to indicate the importance of the PDU Set compared to others. It’s mandatory for differentiated PDU Set Handling. 
6. 
Editor’s Note: Whether support PDU Set identification information in new RTP is pending to SA4 5G_RTP WI.
It’s proposed to turn this EN into a NOTE to clarify that the support of new RTP header extension for PDU Set identification depends on progress in SA4 5G_RTP WI. 
7. 
Editor’s Note: Other N6 protocols, i.e. HTTP/MASQUE, GTP-U, IP/TCP/UDP/QUIC options, carrying PDU Set information are FFS. (Potential SoH)
Editor’s Note: Whether PDU Set importance is used for mapping different QoS Flows, sub-QoS Flows, or included in GTP-U header is FFS. (Potential SoH)
For the EN about the other N6 protocol enhancement for PDU Set Identification and the delivery of PDU Set importance, it’s proposed to list the candidate agreements for further discussion and decision.
On the latter EN, from our point of view, the importance/priority of PDU Sets is derived (as described in Clause 6.24.3.2) from the available header/payload, e.g., Independent Frame/Discardable Frame/Temporal ID/Layer ID in RTP header extension; NRI (relative transport priority)/ PRID (priority_id) field in NALU header. Such importance indicates with what PER/PSER the PDU set should be handled.
One main concern on using multiple QoS Flows is the mis-ordering issue might be caused by the multiple QoS Flows. We don’t believe this is a real issue due to:
1) The key differences between the PDU Sets of different PDU Set importance are about reliability not latency. Thus these different QoS Flows should use same/similar PDB/PSDB value with different PER/PSER. The PDB/PSDB should allow an in-ordering delivery in most cases.
2) The intervals between frames are usually > 10ms (e.g.16.6 ms for 60fps video), where the PDB requirement of XRM services are on the same level or even lower. The possibility of disordering between sequent frames should be very low.
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3)  Most media layer protocols like RTP, are able to deal with disorder if it happens using the timestamp info in the RTP header. Therefore, the reordering, if needed, is not an issue for application.
8.
The definition of IDR in H.264 is as follow:
“An IDR picture causes the decoding process to mark all reference pictures as "unused for reference" immediately after the decoding of the IDR picture. All coded pictures that follow an IDR picture in decoding order can be decoded without inter prediction from any picture that precedes the IDR picture in decoding order.”
Observation 1: There are dependencies between IDR frame/slice and subsequent frames/slices until next I frame/slice. If the delivery of one IDR frame/slice is failed, there is no need to send the other frames/slices until the delivery of the next I frame/slice. 
The UPF can identify the IDR/I frame/slice via the nal_unit_type and/or the frame size difference. For H.264, the nal_unit_type of IDR picture is corresponding to the value 5 of the nal_unit_type. For H.265, it is corresponding to the values 19, 20. And for H.266, it is corresponding to the values 7, 8. Besides, the sizes of I frames and P frames are different and I frames are always larger than P frames. UPF can identify I frames and P frames based on the frame size difference.
Moreover, it’s agreed that RAN is not aware of the dependency among PDU Sets.
Observation 2: RAN is not aware of the PDU Set dependency while UPF can identify the dependencies between IDR frame/slice and subsequent frames/slices until next I frame/slice. 
The PDU sets may have different importance and RAN is indicated for differentiated PDU Set handling based on the PDU Set importance. While the QoS handling based on PDU set importance is also possible at the UPF for DL traffic in case of network congestion.
Observation 3: UPF is also possible for differentiated PDU Set handling in case of flow congestion. 
Based on the identified PDU Set related information, we proposed that the UPF can also handle the PDU Sets as following:
· Based on the feedback of PDU Set transmission failure from RAN, UPF should also drop all dependent PDU sets of the dropped PDU set.
· UPF drops less importance PDU set for DL traffic in case of flow congestion.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-60.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc117119252]8.4	Conclusions for KI#4 and KI#5
The following aspects are concluded as principles for the normative work to support the following two key issues:
-	Key Issue #4: PDU Set integrated packet handling
-	Key Issue #5: Differentiated PDU Set Handling
NOTE 1:	Further PDU Set handling for Uplink will be studied and led by RAN WG. SA2 can align with RAN’s progress and decision for Uplink, if any.
Editor's noteNOTE x: Whether and how to address the charging offset issue ifof DL PDU set eligible dropping happens inby the NG-RAN is FFScan be discussed in normative work phase according to the progress in RAN WG.
[bookmark: _Toc117119253]8.4.1	Control plane enhancements for supporting PDU Set in downlink
[bookmark: _Toc117119254]8.4.1.1	PDU Set QoS Parameters
PDU Set QoS treatment is determined using dynamic or non-dynamic PCC.
The following PDU Set QoS parameters are defined to support PDU Set handling:
-  PDU Set Error Rate: The PSER defines an upper bound for the ratio between the number of PDU Sets not successfully received and the total number of PDU Sets sent towards a recipient measured over a measurement window. 
-	PDU Set Content Criteria: The PDU Set Content Criteria indicates the criteria for determining how many PDUs in a PDU Set are needed by the application layer.
[bookmark: _GoBack]NOTE:	There are three cases, 1) All PDUs in a PDU Set are needed by the application layer; 2) The PDUs up to the first error/lost PDU are needed by the application layer; 3) At least X% PDUs of a PDU Set are needed by the application layer.
Editor’s Note: the criteria for determining whether a PDU Set is successfully delivered or not are FFS 
-  PDU Set Delay Budget: The PSDB defines an upper bound for the time that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. time between reception of the first PDU and the successful delivery of the last PDU of a PDU Set. PSDB applies to the DL PDU Set received by the UPF over the N6 interface, and to the UL PDU Set sent by the UE. For a certain 5QI the value of the PSDB is the same in UL and DL.
Editor’s Note: The definitions of PSER and PSDB are FFS. For PSDB, it needs further study the impact due to N6 jitter.
-  Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).
-	Whether a PDU Set is still valid in case PSDB is exceeded (PDU Set Valid indication).
Editor’s Note: It is FFS “Whether a PDU Set is still valid in case PSDB is exceeded” is needed. It should be discussed together with the definition of PSDB, specially about the boundary of PSDB.
If PDU Set based QoS handling is used, PCF determines the above PDU Set QoS Parameters based on information provided by AF (described in 8.4.2) and/or local configuration. The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN.
[bookmark: _Toc117119255]8.4.1.2	AF Information Provisioning
PDU Set related assistance information provisioning by AF is supported for dynamic PCC. AF may provision one or more of the following PDU Set related assistance information to NEF/PCF during AF QoS request procedure:
-  PDU Set QoS parameters listed in clause 8.4.1.1.
-  Burst periodicity
[bookmark: _Toc117119256]8.4.2	User plane enhancements for supporting PDU Set in downlink
[bookmark: _Toc117119257]8.4.2.1	PDU Set Information
The following PDU Set related information may beare identified by UPF to support PDU Set based handling:
-  PDU Set Identifier
NOTE 1:	Neighbor PDU Sets in sequence will use different PDU Set identifiers.
-  Optional, Start PDU and End PDU of the PDU Set
-  Optional, PDU SN within a PDU Set
-  Optional, PDU Set Size
NOTE 2:	Either PDU Set Size expressed in bytes or PDU Set Size expressed as number of PDUs, needs further determined.
NOTE 3:	Either one among Start/End PDU of the PDU Set and Number of PDUs within a PDU Set needs to be supported.
-	PDU Set Importance
Editor’s Note: Which above PDU Set information parameters is optional is FFS.
[bookmark: _Toc117119258]8.4.2.2	PDU Set Information identification on UPF and supported N6 protocols
The detection and marking of the DL PDU Sets sent to the NG-RAN shall be done by the PSA UPF.
PSA UPF may identify the PDU Set based on instruction from SMF and packet header of N6 protocols:
-  by matching RTP/SRTP header and payload (RFC 3550/3711/6184/7798/draft-ietf-avtcore-rtp-vvc/draft-ietf-avtext-framemarking are supported). 
Editor’s Note: Whether support PDU Set identification information in new RTP is pending to SA4 5G_RTP WI.
NOTE 1: In above cases, it is assumed that the RTP/SRTP header and/or payload necessary for the identification of PDU Set Information is not encrypted.
NOTE 2: Support of new RTP header extension for PDU Set identification depends on progress in SA4 5G_RTP WI.
-  by UPF implementation, e.g., PDU Set detection based on traffic characteristics. IP header parameters DSCP/TOS, IP port, IPv6 flow label may be used to detect PDU set, however detailed mechanisms in UPF for PDU Set information identification will not be standardized.
-	(TBD) by matching the HTTP/MASQUE extension header. The HTTP/MASQUE tunnel is dynamically established between AS and UPF. The HTTP/MASQUE header needs to be extended to carry the metadata.
-	(TBD) by matching the GTP-U header. The pre-configured GTP-U tunnel is used between AS and UPF. The GTP-U header needs to be extended to carry the PDU Set related information.
Editor’s Note: Other N6 protocols, i.e. HTTP/MASQUE, GTP-U, IP/TCP/UDP/QUIC options, carrying PDU Set information are FFS. (Potential SoH)
[bookmark: _Toc117119259]8.4.2.3	Delivering PDU Set Information to RAN
PDU Set Information (listed in 8.4.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.
(TBD) Option#1: Based on the identified PDU Set importance, the PSA UPF classifies the DL traffic into different QoS Flows with different priority levels.
(TBD) Option#2: The QoS Flow is composed with multiple sub QoS Flows. Each sub-QoS Flow has its own priority Level, Maximum Data Burst Volume, Averaging Windows. Based on the identified PDU Set importance, the PSA UPF classifies the DL traffic into different sub-QoS Flows. A single QoS Flow is associated with a main QoS profile and multiple sub-QoS profiles. 
(TBD) Option#3: The PSA UPF marks PDU Set importance on the GTP-U header of DL packets of a PDU Set. 
Editor’s Note: Whether PDU Set importance is used for mapping different QoS Flows, sub-QoS Flows, or included in GTP-U header is FFS. (Potential SoH)
[bookmark: _Toc117119260]8.4.3	PDU Set based QoS handling
RAN performs PDU Set based QoS handling based on received PDU Set QoS Parameters via control plane, and PDU Set Information received via user plane. The details of RAN behaviours are defined in RAN WG.
Based on the identified PDU Set related information, the UPF can also handle the PDU Sets as following: 
-  Based on the feedback of PDU Set transmission failure from RAN, UPF drops other PDU Sets which depends on the failed PDU Sets. 
-	UPF drops less importance PDU set for DL traffic in case of flow congestion.

* * * * End of changes * * * *
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