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1	Introduction
This contribution gives our views on these aspects and also on the subject of dealing with PDU Sets.
2	SA2 Status
SA2 made the following definition of PDU Set [TR 23.700-60] : “A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926 [27]). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.”
With the definition of PDU Set, PDU-Set level QoS parameters were introduced in [2], including:
-	PDU Set Delay Budget (PSDB) indicates the delay budget to deliver all PDUs that belong to a PDU Sets;
-	Whether all PDUs are needed for the usage of PDU Set by application layer (e.g., if Forward Error Correction techniques are used by the application only K out of N PDUs are needed to decode the PDU set);
-	Whether to drop a PDU Set in case PSDB is exceeded (FFS);
-	PDU Set Priority (FFS) indicates the priority among PDUs within the same PDU set.
Furthermore, new information associated with PDU-Set was also introduced, including:
-	PDU Set Sequence number (SN);
-	Start/End PDU of the PDU Set;
-	PDU SN within a PDU Set;
-	Number of PDUs within a PDU Set;
-	PDU Set importance (indicating priority between different PDU sets);
-	PDU Set dependency (FFS, indicating if e.g. some PDU Set has a dependency on another  PDU Set).
Additionally, TSC Assistance Information (TSCAI), which describes application-layer traffic attributes for periodic traffic, may also be provided to and used by the gNB to allow more efficient scheduling of radio resources and optimization of UE power saving features for XR services. Specifically, TSCAI includes  burst periodicity, burst arrival time, and burst arrival time.
SA2 has also clarified the concept of Data Burst and its relationship with respect to PDU Set “A set of data multiple PDUs generated and sent by the application in a short period of time. (NOTE: A Data Burst can be composed by one or multiple PDU Sets).”
Observation 1: The definition of PDU Set Information and the extension to the 5GS QoS framework are under investigation in SA2. In particular, SA2 is evaluating multiple types of information and mechanisms to carry PDU Set Information. 
While no conclusion has been made yet in SA2, two solution directions to carry PDU Set information to the RAN emerged during the SI. These two solutions cover different aspects and timescale needs of the PDU Set information:
-	Data Plane (GTP-U header extension) : GTP-U header extensions shall be defined for dynamic information that may change from one set to another such as PDU Set identification (e.g., PDU Set Sequence number (SN), Start/End PDU of the PDU Set), size (e.g., Number of PDUs within a PDU Set), importance, and dependency.
-	Control Plane: Information that is identical for all PDU Sets of a specific type and PDU Set requirements such as PSDB or PSER shall be communicated to the RAN through Control Plane (CP). This information does not change over time or it changes very seldomly. Therefore, changes though CP reconfiguration 
Observation 2: PDU Set Information is communicated to RAN either through inbound mechanisms like GTP-U header extension or through outbound mechanisms like CP.
PDU Set information has been considered for evaluating the possibility of extending the 5GS QOS framework in order to support PDU Set integrated packet handling and Differentiated PDU Set Handling. More specifically, Key Issue #4 on PDU Set integrated packet handling has been evaluating the possibility to extend the 5GS QoS framework to support PDU Set integrated packet handling starting from the assumption that in media layer, packets in a PDU Set are decoded/handled as a whole. For example, the frame/video slice may only be decoded in case all or certain amount of the packets carrying the frame/video slice are successfully delivered. For example, a frame within a GOP (Group of Pictures) can only be decoded by the client in case all frames on which that frame depends are successfully received. Hence the groups of packets within the PDU Set have inherent dependency on each other in media layer. Without considering such dependencies between the packets within the PDU set, 5GS may perform a scheduling with low efficiency. For example, the 5GS may randomly drop packet (s) but try to deliver other packets of the same PDU set which are useless to the client and thus waste radio resources.
Similarly, Key Issue #5 on Differentiated PDU Set Handling has been evaluating enhancements to the QoS framework to support differentiated QoS handling considering different importance of PDU Sets e.g. by treating packets (i.e. PDUs) belonging to less important PDU Set(s) differently to reduce the resource wasting.
The implication of PDU Set concept is that PDUs that belong to the same PDU Sets or packets that belongs to different PDU Sets that have dependency should no longer be treated independently in the RAN, hence enabling enhancements of RAN features. In the last SA2 meeting, several contributions discussed the possibility to use PDU Set information to efficiently manage radio resource and improve power saving gain of XR users. For example, the knowledge of PDUs that belong to the same PDU Set could be used to enhance packet discarding and scheduling decisions, while the knowledge of the boundaries of a PDU Set (i.e., the first and/or last PDUs in the PDU Set) could help to optimize power saving features like DRX. 
Observation 3: PDU Set Information can be used to optimize radio resource management and power saving features.
2	PDU Set for RAN Enhancements
SA2 definitions of PDU Set and Data Burst considers the following cases:
-	Case 1: the Data Burst is composed of multiple PDU Sets. Single PDUs within the Data Burst carry application-layer data mapped in different PDU Sets and all PDUs are generated in a short period of time. 
-	Case 2: the Data Burst is composed of a single PDU Set. Single PDUs within the Data Burst carry application-layer data related to the same PDU Set and all PDUs are generated in a short period of time.
NOTE:	We observe that the SA2 definition does not preclude the possibility that PDUs of a PDU Set are distributed across multiple consecutive Data Bursts.
For case 1 and case 2, Data Burst information like periodicity and jitter is more relevant than PDU Set or PDU information for the optimal configuration of power saving features in RAN, like the parameters of the DRX configuration. Similarly, Data Burst information like the beginning and the end of a Data Burst and possibly its size can be used to improve UE power saving using dynamic power saving features (e.g., using PDCCH monitoring adaptation/skipping schemes, LP-WUS, DRX reconfiguration, etc.). For example, a Data Burst can be composed of two PDU Sets referring to a video and an audio frame, respectively. The video frame is fragmented into multiple PDUs, while the audio frame is carried by a single PDU. In this case, Data Burst information shall be used, since it is the Data Burst rather than a PDU Set that defines the end of the transmission and the opportunity for the UE to enter sleep mode.
Proposal 1: Consider Data Burst periodicity and Data Burst jitter.
PDU Set Delay Budget (PSDB) and whether to drop a PDU Set in case PSDB is exceeded can also be use for the configuration of DRX parameters only in case 2. However, in case 1, the delay budget for delivering the Data Burst would be more relevant than PSDB for power saving, since multiple PDU Sets compose the Data Burst and a PDU Set could be split into multiple Data Burst.
Proposal 2: Consider the use of PDU Set Delay Budget (PSDB) when a Data Burst is composed of a single PDU Set and evaluate the utility of PDU Set Delay Budget (PSDB) when a Data Burst is composed of multiple PDU Sets.
Power saving features can also benefit from size information and boundaries of either Data Burst or PDU Set(s). This information can be used to stop the UE active time (e.g., using PDCCH monitoring adaptation/skipping schemes, and LP-WUS) or extend the UE active time (e.g. using LP-WUS). The two types of information are not mutually exclusive since PDU Set and/or Burst Data size can dynamically vary during the connection or it may be impossible for the UPF to determine them. In this case, Data Burst boundaries like the Burst End Indicator carried in GTP-U header can help to identify the end of a Data Burst and consequently the beginning of the next Data Burst. Therefore,  Burst End Indicator can eventually be used to dynamically adapt UE sleeping time using schemes like using PDCCH monitoring adaptation/skipping, LP-WUS, DRX reconfiguration. Note that out-of-order delivery is a rare event in the 5GS since a single path is used to route packets and errors in core network are rare. Furthermore, PDUs in a burst are generated in a short amount of time. Therefore, even if the last PDU of a burst (the one with End Of Burst Indicator) is received out-of-order, by definition there will be another PDU arriving in a short period of time effectively indicating that an out-of-order delivery event occurred.
Proposal 3: Consider Data Burst size and boundaries.
We further observe that PDU Set information like dependency among multiple PDU Sets and whether all PDUs are needed to decode the PDU Set can also be used for optimizing resource allocation using dynamic schemes. For example, if part of a (an entire) PDU Set is lost, its dependent PDU Sets are also lost. This knowledge can be used to dynamically increase UE sleeping time (e.g., using PDCCH monitoring adaptation/skipping schemes, LP-WUS, DRX reconfiguration, etc.) and to trigger discard as discussed in our companion contribution R2-2209557.
Proposal 4: Consider PDU Set information like dependency among multiple PDU Sets and whether all PDUs are needed to decode the PDU Set.

3	Conclusion
This contribution has observed the following:
Observation 1: The definition of PDU Set Information and the extension to the 5GS QoS framework are under investigation in SA2. In particular, SA2 is evaluating multiple types of information and mechanisms to carry PDU Set Information. 
Observation 2: PDU Set Information is communicated to RAN either through inbound mechanisms like GTP-U header extension or through outbound mechanisms like CP.
Observation 3: PDU Set Information can be used to optimize radio resource management and power saving features.
And made the following proposals:
Proposal 1: Consider Data Burst periodicity and Data Burst jitter.
Proposal 2: Consider the use of PDU Set Delay Budget (PSDB) when a Data Burst is composed of a single PDU Set and evaluate the utility of PDU Set Delay Budget (PSDB) when a Data Burst is composed of multiple PDU Sets.
Proposal 3: Consider Data Burst size and boundaries.
Proposal 4: Consider PDU Set information like dependency among multiple PDU Sets and whether all PDUs are needed to decode the PDU Set.

