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[bookmark: _Toc462478989]Abstract of the contribution: This contribution provides an evaluation and conclusion for KI#4 and 5.
1	Discussion
This contribution covers Q1 (N6 protocols to identify DL PDU set information) in the XRM pre-153e meeting discussions in sections 7.x.y (evaluation) and 8.x.y (conclusion).

Q2-5 in the XRM pre-153e meeting discussions as importance, dependency, and the data of PDU sets to send to RAN over N3 are closely related and are covered in 7.x.z (evaluation) and 8.x.z (conclusion). 
For Q2-5, a brief comparison of option 1 and 2 on how the QoS flow is carried over N3 is provided below.
 
[bookmark: _Hlk115214987][bookmark: _Hlk115214907]Figures 1 and 2 below show Options 1 and 2 respectively for delivering DL PDU Set Information to RAN with the focus for SA2 on the QoS flow(s) sent between UPF and RAN. 
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[bookmark: _Hlk115215048]Figure 1: Option 1 use different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.
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[bookmark: _Hlk115215158]Figure 2: Option 2 use one QoS flow for different PDU Set with different priority level
[bookmark: _Hlk115215143]Some key points of comparison include:
· Option 1: data of the same service flow (IP tuple) are classified into multiple QFIs by the UPF based on priority/importance. Hence each QFI specifies QoS parameters per PDU set type.
Option 2: the UPF sends media packets in one QFI to the gNB along with importance/priority. The split on importance/priority level is applied by the gNB. QFI parameters apply to the service flow and RAN uses importance/priority to split into DRBs.

· Media flows that use variable rates/sizes (e.g., dynamic GoP where I/P frames vary based on scene change/motion) would require the GFBR/MFBR to be configured accordingly. In option 2, GFBR/MFBR are shared across all the PDU set types and represent maximum combined values in use at any time for I/P frames. For option 1 however each QFI needs to provision to the maximum for each frame (I/P) and this can result in overprovisioning.

· Reordering of packets may occur in either option (depending on the RAN queuing pipeline or out-of-order packets in IP networks). The UE can buffer and sequence the packets based on transport and application layer headers.

Packets of an application/media frame have the same timestamp and thus the same delay parameters should be used in the network. This may be referred to as Packet Set Delay Budget (PSDB) to differentiate from PDB in non-media flows. For either option, PSDB/PDB is sufficient to indicate to RAN the delay parameters required to handle these packets. 
Since flexibility to adapt to variable media rates may be an important consideration (adaptive encoded video, audio, overlaid objects, etc for XR), option 2 is preferred. 
All the parameters needed are identified in 7.x.z.
2	Proposal
It is proposed to adopt the following changes into TS23.700-60.
[bookmark: _Toc510607461]		* * * * 1st Change (all new text) * * * *
[bookmark: _Toc97526930][bookmark: _Toc101526314][bookmark: _Toc104799187]7	Overall Evaluation
Editor's note:	This clause provides evaluations of different solutions.
7.x	Evaluation of KI# 4: PDU Set integrated packet handling and KI#5: Differentiated PDU Set Handling
7.x.y	N6 Protocols to identify DL PDU Set Information
Media transports considered by solutions in this study include RTP, SRTP transport and HTTP. 
Header information in RTP/SRTP and payload in RTP (RFC 3550/6184/7798/draft-ietf-avtcore-rtp-vvc/draft-ietf-avtext-framemarking) carry sequence number, timestamp, M bit, NAL and other information that make it possible to identify media payload categories, boundaries and other information needed to mark DL PDU Set information. These RTP/SRTP mechanisms are proposed in solutions 7, 12, 14, 15, 16, 17, 18, 23, 24, 52, 54 and can identify DL PDU set information.
For HTTP/3 media packets that are fully encrypted, Media over QUIC (MoQ), UDP options (solution 7), MASQUE to carry information (solution 8) and GTP-U to carry information (solutions 9, 22) have been proposed. IETF has started work on MoQ to provide a compact packet classification header for HTTP/3 media packets but will not be ready in time for Release 18. MASQUE is more adaptable but incurs HTTP encapsulation/decapsulation and encryption/decryption overheads at UPF. Both MoQ and MASQUE would benefit from further progress and standardization of information in IETF. 
Another alternative is to use GTP-U transport (solutions 9, 22) over N6 to carry the PDU set classification information. This method requires 3GPP control plane support for terminating the GTP connection and GTP implementation in media application servers to insert the PDU set classification information in GTP-U.
Since HTTP/3 for media applications is in early stages of development for media transport, the recommended way forward is to engage with the IETF to have the relevant XRM study considerations included as part of the work that progresses in the respective IETF working groups.
For Release 18, if fully encrypted media transports like HTTP are used for XRM, a combination of IP header fields (DSCP/TOS, IP port, IPv6 flow label) in solutions 7, 17, 18, 55) along with UPF implementation based on traffic characteristics (solutions 7, 12, 17, 18, 20, 24, 25) can serve as an interim approach to classify media packets.
7.x.z	DL PDU Set Information
PDU set information may be provided to RAN using different QoS Flows with different priority levels and PDU set importance mapped to existing QoS flow priority (referred to as option 1 here) or PDU set information uses one QoS Flow for different PDU sets with different priorities (referred to as option 2 here).
Some key points of comparison of option 1 and 2 include: 
· Option 1: data of the same service flow (IP tuple) are classified into multiple QFIs by the UPF based on priority/importance. Hence each QFI specifies QoS parameters per PDU set type.
Option 2: the UPF sends media packets in one QFI to the gNB along with importance/priority. The split on importance/priority level is applied by the gNB. QFI parameters apply to the service flow and RAN uses importance/priority to split into DRBs.

· Media flows that use variable rates/sizes (e.g., dynamic GoP where I/P frames vary based on scene change/motion) would require the GFBR/MFBR to be configured accordingly. In option 2, GFBR/MFBR are shared across all the PDU set types and represent maximum combined values in use at any time for I/P frames. For option 1 however each QFI needs to provision to the maximum for each frame (I/P) and this can result in overprovisioning.

· Reordering of packets may occur in either option (depending on the RAN queuing pipeline or out-of-order packets in IP networks). The UE can buffer and sequence the packets based on transport and application layer headers.

The ability to adapt is an important consideration (adaptive encoded video, audio, overlaid objects, etc for XR) and is provided in Option 2. Option 2.2 (PDU set information that uses one QoS Flow for different PDU set types with different priorities; use PDU Det importance information in GTP-U header) is preferred as it is the simpler alternative.  
Packets of an application/media flow have the same delay requirements and should be represented by one delay parameter in the network. This may be referred to as Packet Set Delay Budget (PSDB) to differentiate from PDB in non-media flows. PSDB/PDB is sufficient to indicate to RAN the delay parameters required to handle these packets. 
PDU set information of a media flow identified by an IP tuple (src/dest address, src/dest port) is classified by the UPF as one QoS flow along with importance corresponding to each PDU set and is sent in N3/GTP-U header.  
The media QoS flow delay budget (PDB or PSDB), PER, GFBR, MFBR and MDBV apply to the aggregate media flow. The PDU Set Importance/priority is used to determine the drop priority or proportion of resources in RAN. 
NOTE: RAN is responsible for handling the split of PDU sets types of one QoS flow based on importance/priority. 
The following PDU Set information parameters are additionally provided to RAN:
· PDU Set Sequence Number. 
Conveys the start and end of a PDU set by the change in the sequence number and inherently handles out-of-order packets by marking the right sequence number.
· Number of PDUs within a PDU set/PDU set size in bytes. 
This parameter is not easy to obtain from current media headers but should be left as an optional parameter as it can be used for optimizing packet handling in RAN when available.
· PDU Set Importance / Priority
· PDU Set Dependency flag (base layer, independent, discardable)
· PSER Packet Set Error Rate for each PDU Set Type. If PSER is not provided, PER is used.
 
		* * * * 2nd Change (all new text) * * * *
[bookmark: _Toc97526931][bookmark: _Toc101526315][bookmark: _Toc104883169][bookmark: _Toc113274028]8	Conclusions
Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
[bookmark: _Toc113274029]8.x	Interim Conclusions for KI#4: PDU Set integrated packet handling and KI#5: Differentiated PDU Set Handling
8.x.y	N6 Protocols to identify DL PDU Set Information
RTP/SRTP header and payload (RFC 3550/6184/7798/draft-ietf-avtcore-rtp-vvc/draft-ietf-avtext-framemarking) is to be used to identify DL PDU set.
For fully encrypted HTTP/3 media packets, DSCP/TOS, IP port, IPv6 flow label and other IP header parameters provide a means to identify by importance, but do not provide finer grain information about the media payload or its boundaries. In the absence of meta-data for fully encrypted packets, a combination of these IP header information and traffic characteristics implemented in the UPF are used to classify media packets. 
8.x.z	DL PDU Set Information
PDU set information of a media flow identified by an IP tuple (src/dest address, src/dest port) is classified by the UPF as one QoS flow along with importance corresponding to each PDU set and is sent in N3/GTP-U header.  
The media QoS flow delay budget (PDB or PSDB), PER, GFBR, MFBR and MDBV apply to the aggregate media flow. The PDU Set Importance/priority is used to determine the drop priority or proportion of resources in RAN. 
NOTE: RAN is responsible for handling the split of PDU sets types of one QoS flow based on importance/priority. 
The following PDU Set information parameters are additionally provided to RAN:
· PDU Set Sequence Number. 
Conveys the start and end of a PDU set by the change in the sequence number and inherently handles out-of-order packets by marking the right sequence number.
· Number of PDUs within a PDU set/PDU set size in bytes. 
This parameter is not easy to obtain from current media headers but should be left as an optional parameter as it can be used for optimizing packet handling in RAN when available.
· PDU Set Importance / Priority
· PDU Set Dependency flag (base layer, independent, discardable)
· PSER Packet Set Error Rate for each PDU Set Type. If PSER is not provided, PER for the flow is used.
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