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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2 meeting, the XR-awareness was initially discussed and reached the following agreements:
	RAN2 should take SA2/SA4 work into account
RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE
RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 
XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.



Based on the above agreements, PDU Set related handling should be considered in RAN. Hence, in this contribution, the details of PDU discard of PDU Set will be discussed.
Discussion
[bookmark: _Ref115084251]QoS requirements on PDU Set from SA2/SA4
According to [1], SA2 has introduced new QoS parameter, PSDB, for PDU Set, as shown below:
	6.8.2.3	New QoS parameters associated with PDU-Set
……
PDU-Set Delay Budget (PSDB)
The PDU-Set Delay Budget (PSDB) defines an upper bound for the time that a PDU-Set may be delayed between the UE and the N6 termination point at the UPF. 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. In the case of 3GPP access, the PSDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). For GBR QoS Flows using the Delay-critical resource type, a PDU-Set delayed more than PSDB is counted as lost if the QoS Flow is not exceeding the GFBR. For GBR QoS Flows with GBR resource type not exceeding GFBR, of the PDU-Sets shall commonly not experience a delay exceeding the 5QI's PSDB to a very high percentage.
The 5G Access Network PDU-Set Delay Budget (5G-AN PSDB) is determined by subtracting a static value for the Core Network PDU-Set Delay Budget (CN PSDB), which represents the delay between any N6 termination point at the UPF (for any UPF that may possibly be selected for the PDU Session) and the 5G-AN from a given PSDB.



	……
For GBR QoS Flows using the Delay-critical resource type, in order to obtain a more accurate delay budget PSDB available for the NG-RAN, a dynamic value for the CN PSDB, which represents the delay between the UPF terminating N6 for the QoS Flow and the 5G-AN, can be used. If used for a QoS Flow, the NG-RAN shall apply the dynamic value for the CN PSDB instead of the static value for the CN PSDB (which is only related to the 5QI). Different dynamic value for CN PSDB may be configured per uplink and downlink direction.
……
If the NG-RAN node is configured locally with a dynamic value for the CN PSDB for a Delay-critical GBR 5QI, and receives a different value via N2 signalling for a QoS Flow with the same 5QI, local configuration in RAN node determines which value takes precedence.
……
The PSDB for Non-GBR and GBR resource types denotes a "soft upper bound" in the sense that an "expired" PDU-Set that has exceeded the PSDB, does not need to be discarded and is not added to the PSER. However, for a Delay-critical GBR resource type, PDU-Set delayed more than the PSDB are added to the PSER and can be discarded or delivered depending on local decision.
……
The QoS parameters PSDB and PSER are provided to NG-RAN as part of the QoS profile.


In addition, SA2 and SA4 had also made some interaction on the understanding of PDU Set. SA4’s understanding is captured below:
	In some implementations (note that neither the video codec specifications, nor the IETF RFC, nor 3GPP specifications up to today provide any requirements or recommendation on implementations), the loss of one fragmentation packet of the NAL Unit may result in discarding the entire NAL unit and hence the second part of the PDU definition (which are of same importance requirement at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information.) applies. In other implementations, 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 and apply error concealment afterward. In this case, the third part of the PDU Set definition (the application layer can still recover parts of the information unit, when some PDUs are missing) applies, but in this case the equal importance part of the PDU Set definition (which are of same importance requirement at application layer) may be misleading (Note that in this operation mode, as an example if the first packet of the PDU Set is lost, all other packets of the fragmentation units are useless, whereas of the last packet is lost, the decoder can use all packets except the last one. Obviously, in this example scenario, the first packet is “more important” than the last one). In addition, for video, data included in NAL Units are typically spatially and/or temporarily predicted from video data in other NAL Units, so some sort of cross-dependency of NAL units exists. Based on this and other potential scenarios, even mapping multiple NAL units to a single PDU Set may not be excluded to be considered as a viable setup. Generally speaking, packet losses in video applications typically result in some sort of impacted video quality.


From the above, it can be observed that the remaining PDUs of a PDU set can be discarded when:
· Condition #1:  One PDU is lost while all PDUs in the PDU Set are needed by the application layer to use the corresponding unit of information;
· Condition #2:  One PDU is discarded due to exceeding the PSDB for a Delay-critical GBR resource.
Therefore, RAN should be made aware of the above conditions for which PDUs of a PDU set can be discarded.
Observation: Based on SA2 spec and SA4 LS reply, at least in some case, if one PDU of a PDU Set is lost or discarded, the other PDUs of the same PDU Set can be dropped.
Based on the above observation, it is obvious that upper layer should provide information to RAN to help RAN to decide whether the other PDUs in a PDU Set can be discarded if one PDU of the same PDU Set is lost or discarded.
[bookmark: _Ref115440250]Proposal 1:  RAN should be provided with the information on the dependency of all PDUs in a PDU set.
[bookmark: _Ref115440254]Proposal 2:  RAN should be provided with the PSDB information of a PDU set.
Details of PDU discard in RAN
For the dropping condition #1 in Section 2.1, if dependency amongst the PDUs within a PDU Set exists, RAN should further study how to perform the PDU discard in PDCP. For DL, the PDCP discard is based on gNB implementation. There is no need to specify it. For UL, whether PDCP discard based on PDU dependency within one PDU Set should be configured by network based on the information provided by CN as proposed in Proposal 1.
[bookmark: _Ref114751911]Proposal 3: For DL, RAN should be aware of the PDU dependency within one PDU Set, but the associated PDCP discard mechanism is up to gNB implementation.
[bookmark: _Ref114751914]Proposal 4: For UL, whether PDCP discard based on PDU dependency within one PDU Set can apply is configured by gNB.
For the dropping condition #2 in Section 2.1, a new delay budget, the PSDB, that applies to the whole PDU set, should be provided to RAN to properly implement the condition. But similar to the “dependency” parameter, the associated PDU dropping in DL is left to gNB implementation. The PSDB could be defined at AS boundary, for example, as the maximum delay from the 1st received PDU of the PDU set by the UE up to the reception in gNB of the last transmitted PDU of the PDU set (and vice-versa in DL).
For UL, currently, the PDCP discard is based on PDCP discard timer. If PDCP discard based on PDU dependency within one PDU Set is introduced (per proposal #2), how to perform PDCP discard should be further studied. One simple option can be that as soon as one PDU is lost, PDCP considers the PDCP discard timer of the other PDUs belonging to the same PDU Set as expired. For the PDCP discard based on PSDB, a possibility is to maintain one PDCP discard timer for the entire PDU Set, started upon the reception of the 1st PDU of the PDU set. Once the PDCP discard timer expires, PDCP discards all the remaining PDCP PDUs of the PDU Set still in the buffer.
[bookmark: _Ref114751917][bookmark: _Ref115440303]Proposal 5: For DL, RAN should be aware of the PSDB of a PDU Set, but the associated PDCP discard mechanism is up to gNB implementation. 
Proposal 6: For UL, PDCP discard mechanism based on discard timer should be enhanced to address the PDU Set PSDB.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1:  RAN should be provided with the information on the dependency of all PDUs in a PDU set.
Proposal 2:  RAN should be provided with the PSDB information of a PDU set.
Proposal 3: For DL, RAN should be aware of the PDU dependency within one PDU Set, but the associated PDCP discard mechanism is up to gNB implementation.
Proposal 4: For UL, whether PDCP discard based on PDU dependency within one PDU Set can apply is configured by gNB.
[bookmark: _GoBack]Proposal 5: For DL, RAN should be aware of the PSDB of a PDU Set, but the associated PDCP discard mechanism is up to gNB implementation.
Proposal 6: For UL, PDCP discard mechanism based on discard timer should be enhanced to address the PDU Set PSDB.
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