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Introduction
3GPP TR 23.700-60 [1] is the technical report studies key issues and solutions on the support of advanced media services such as AR/VR/XR services. There is total 9 key issues and 75 solutions reported. The cross-layer optimization relevant key issues that are to be coordinated with SA4 are key issue #4 and #5.
· Key Issue #4: PDU Set integrated packet handling. It studies the types of PDU Set and relevant information to be provided, supported, and identified to RAN, UPF and/or UE for PDU Set integrated packet handling by 5G network. 
· Key Issue #5: Differentiated PDU Set Handling. It studies to identify PDUs of one PDU Set and define the information to determine the importance and/or dependency between different PDU Sets. 
3GPP TR 38.835 [2] reports the investigation on the power saving and capacity enhancements techniques tailored for XR services, as well as means to provide XR-awareness in RAN. In order to handle PDUs efficiently in both UL and DL, the information such as PDU-set Delay Budget (PSDB), PDU-Set Error Rate (PSER), traffic parameters, jitter information, and PDU Set characteristics information would be useful. 
Depending on the mapping of PDU Sets on QoS flow studied by SA2, several mapping alternatives are being explored in layer-2 structure as shown in Figure 1. Layer 2 enhancement also investigates the discard operation of PDU Set at PDCP in the transmitter. The RAN2 study work would also take SA2/SA4 work into account.
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[bookmark: _Ref118712182]Figure 1 Mapping alternatives
FS_XRM solutions
In FS_XRM, 32 solutions have been proposed to address key issue #4 and/or #5. The design principal is that the application layer provides the relevant information about the media unit to the lower layers that enables the lower layers to identify, classify and/or mark the media unit accordingly. For example, for the DL, the UPF needs to identify the PDU Sets in the QoS Flow and also needs to mark the identified PDU Sets in the GTP-U header (extended GTP-U header) of N3/N9 interface to the RAN. The UPF also needs to identify the different PDU Sets in a PDU burst, the start/end of each PDU Set, the importance/dependency of each PDU set. 
For the downlink transmission, UPF/RAN node receives DL packets and may drop all the receiving PDUs of the PDU Set if not all PDUs are received. Since RAN node does not feedback whether the PDU has been successfully delivered to UE, UPF cannot drop the PDU Set if amount of PDUs are not delivered. 
For the uplink transmission, there's no transmission loss from UE's application to UE's AS layer, UE shall perform PDU Set integrated packet handling based on RAN node feedback to UE, which may be closely related with HARQ and RLC transmission mode for uplink. The PDU Set integrated handling may be different for different PDU Set types.
A  PDU/PDU Set and/or its characteristics may be identified by inspecting a combination fields in the RTP header, RTP header extensions [3][4][5], media payload header (NAL unit header) or HTTP transport payload. 
The format of RTP header is defined in [3] as shown in Figure 2:
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[bookmark: _Ref118636862]Figure 2 RTP header format defined in [3]
In RTP headers, Marker (M) bit is set for the very last packet of the frame indicated by the RTP timestamp. It may be used to indicate the frame boundary.
Based on the draft-ietf-avtext-framemarking [5], the extended RTP header format is shown in Figure 3. The "S" bit and "E" bit in the Frame Marking RTP header extension respectively represent the start and the end of a video frame. UPF can identify the start and end of a PDU Set/frame according to the "S" and "E" bits. The “I” bit indicate the frame within a layer can be decoded independent of temporally prior frames. The “D” bit indicate a frame can be discarded without impacting the decoding process of other frames. The “TID” bits identifies the temporal sub-layer and the “LID” bits identifies the spatial and quality layer.
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[bookmark: _Ref118636879]Figure 3 RTP header extension format
The PDU Set information and QoS requirements may also be sent from AF or AS to the UPF or RAN as assistance information or metadata. Figure 4 illustrates two examples of PDU Set based QoS framework, PDU Set identification (AS-UPF-RAN) and PDU Set QoS profile (AF-PCF-SMF-RAN). Some solutions also propose to send PDU Set descriptor using the MASQUE protocol [6] based on HTTP/3 over QUIC [7].
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[bookmark: _Ref118642234]Figure 4 PDU Set based QoS framework 
The proposed information or markings are listed as followings.
-	PDU Set type (I/P/B, non-ref, BL, EL, etc.)
-	PDU Set ID or Sequence number (SN)
-	PDU SN
-	Start/End PDU indication/flag
-	PDU Priority Mark (PPM) is used to classify the importance and dependence of a PDU Set
-	PDU Set size (bytes)
-	Number of PDUs in the PDU Set
-	PDU Set boundary information
-	PDU Set importance
-	PDU Set dependencies
-	Reference PDU Set SN
-	PDU Set burst size (bytes)
SA2 reached some partial conclusions for KI#4$5 in SA2-153e meeting [8]. 
For the control plane enhancement, PDU Set QoS treatment is determined using dynamic or non-dynamic PCC. PCF determines the following PDU Set QoS parameters: 
-	PDU Set Error Rate (PSER)
-	PDU Set Delay Budget (PSDB).
-	Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).
The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN. 
For the user plane enhancement, the UPF may identify the following PDU Set information:
-	PDU Set Identifier.
-	Optional, Start PDU and End PDU of the PDU Set.
-	PDU SN within a PDU Set.
-	Optional, PDU Set Size.
-	PDU Set Importance.
The detection and marking of the PDU Sets sent to the NG-RAN is done by the UPF. UPF may identify the PDU Set by matching existing RTP/SRTP header and payload, the support for new RTP/SRTP header is pending SA4’s feedback on LS [9].
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.
Proposal
SA2 FS_XRM concludes UPF may identify PDU Sets information by matching RTP/SRTP header and payload. It is proposed to evaluate the PDU Set information and, if necessary, define new mechanisms to identify PDU Sets, and take them into account in the cross-layer optimization discussion of 5G_RTP and related topics.
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