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1	Introduction
In this contribution, we discuss the PDU Set based discard for both downlink and uplink XR traffic on PDCP layer.
[bookmark: _Ref178064866]2	Discussion
2.1 PDU Set discard consideration on DL XR traffic
According to TR38.835 [1], the PDU Set Information (including e.g. PDU Set Sequence Number, Indication of End PDU of the PDU Set, PDU SN within a PDU Set, PDU Set Size in bytes and PDU Set Importance (PSI)) is contained in the GTP-U header for DL (i.e. sent from UPF to RAN). Thus, for DL XR traffic, it is clear that gNB is able to identify a PDU belonging to which PDU Set based on the PDU Set Information of the PDU in the GTP-U header and then perform PDU Set based discard for DL XR traffic, if needed. 
Since each PDU is carried by a PDCP SDU associated with one PDCP SN, it may appear PDCP SN gap after gNB discards more than one PDUs (i.e. PDCP SDUs) of the PDU Set. However, we believe gNB should be able to eliminate the PDCP SN gap so that the PDU Set based discard for DL XR traffic would not cause reordering delay on UE side. On the other hand, since RAN2 already agreed that no in-band marking over Uu of PDU is specified, the receiving side of PDCP layer in UE cannot know if any PDU Set discard occurs on gNB side or not. Even if the UE had received some PDCP SDU(s) of a PDU Set before gNB determines to discard the PDU Set, we see no harm for the UE to still deliver those received PDCP SDUs of the PDU Set discarded by gNB to upper layers. Thus, we think there is no need to further enhance UE behaviour on receiving side of PDCP layer for receiving DL XR traffic. 
Proposal 1 gNB is responsible for handling discard on DL PDU Sets without causing any impact on UE side. 
Proposal 2 No new XR-specific enhancement on receiving side of PDCP layer for UE is needed (i.e. UE still delivers received PDCP SDUs of a PDU Set discarded by gNB to upper layers). 

2.2 PDU Set discard consideration on UL XR traffic
In RAN2#121 meeting, RAN2 considered applying PSI for PDU Set based discard for UL PDU Set and made the following agreement:
	· RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.


According to the agreed CR in SA2 meeting [2] as quoted below, a QoS Flow may transmit different PDU Sets with different PSI.
	5.37.x.2	PDU Set Information and Identification
To support PDU Set based QoS handling, the PSA UPF identifies PDUs that belong to PDU Sets and determines the below PDU Set Information which it sends to the NG-RAN in the GTP-U header. The PDU Set information is used by the NG-RAN for PDU Set based QoS handling as described above.
The PDU Set Information comprises:
-	PDU Set Sequence Number.
-	Indication of End PDU of the PDU Set 
-	PDU Sequence Number within a PDU Set
-	PDU Set Size in bytes.
-	PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.
…
NOTE 3: 	The PDU Set Information can be different for different PDU Sets within a QoS Flow.


This implies successive PDU Sets with the same PSI may be sent on the same QoS Flow. Thus, we think UE may not be able to identify each UL PDU Set based on PSI varied among UL PDU Sets.
Observation 1 Successive PDU Sets with the same PSI may be sent on the same QoS Flow. Thus, the UE cannot rely on PSI change to identify each PDCP SDU belonging to which UL PDU Set.
Thus, another information for assisting the UE for identifying UL PDU Set should be considered.
According to RFC 3550 [3] (or see the annex as quoted below), several consecutive RTP packets will have equal timestamps if they are (logically) generated at once, e.g., belong to the same video frame. In addition to RTP, we think this concept should be also applied for other service protocols for which timestamp or similar time information is available in e.g. the service protocol header. Since different frames or video slices are generated at different timing, each application data unit (e.g. a frame or video slice) should be associated with one timestamp. In TR 38.835[1], it defined that 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). If the concept of timestamp is followed, all PDUs within a PDU Set should be associated with the same timestamp (i.e. time for start of the PDU Set). Since different PDU Sets will be associated with different timestamps, we think the information of timestamp can be used by lower layer to group these PDUs with the same timestamp as belonging to one PDU Set.
Observation 2 According to RFC 3550 [3], several consecutive RTP packets (carrying one video frame) have equal timestamps if they are (logically) generated at once.
Observation 3 All PDUs of a PDU Set for carrying one application data unit (i.e. video frame) is associated with the same timestamp, and different PDU Sets are associated with different timestamps.
Observation 4 “Timestamp” generated by upper layer can be available for AS layer to group these PDUs with the same timestamp as belonging to one PDU Set.
Since the timestamp is already available on upper layer, it can be also used by AS layer with less efforts. Given with the considerations, we think such timestamp can be considered as one of PDU Set Information on UL for UE to identify UL PDU Set. Thus, we propose:
Proposal 3 RAN2 considers that “timestamp” generated by upper layer can be used as one of PDU Set Information for UE to identify UL PDU Set. When upper layer delivers PDCP SDUs for UL PDU Set to lower layer, each PDCP SDU is tagged with one timestamp.
Proposal 4 UE recognizes individual UL PDU Set based on timestamp tagged to each PDCP SDU by upper layer. 
In last RAN2 meeting, the following agreement was made for modelling the PDU set discard operation by reusing the existing PDCP discard timer.
	· 2: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.


If a PDCP SDU comes from a QoS Flow with PSIHI (PDU-Set Integrated Handling Indication) enabled, when the existed PDCP discard timer of a PDCP SDU of a UL PDU Set expires, the PDCP layer on the UE can discard those PDCP SDUs with the same timestamp corresponding to the UL PDU Set. When a PDCP SDU for one PDU Set is discarded, the PDCP layer indicates the discard indication to the RLC layer as legacy.
Proposal 5 When the existing PDCP discard timer of a PDCP SDU expires and the PDCP SDU comes from a QoS Flow with PSIHI enabled, UE discards other PDCP SDUs tagged with the same timestamp as the PDCP SDU. 
Proposal 6 When discarding a PDCP SDU of one UL PDU Set is needed, PDCP layer indicates RLC layer for discarding the corresponding PDCP PDU as legacy.
[bookmark: _Ref189046994]3 	Conclusion
In this contribution, we observe:
Observation 1 Successive PDU Sets with the same PSI may be sent on the same QoS Flow. Thus, the UE cannot rely on PSI change to identify each PDCP SDU belonging to which UL PDU Set.
Observation 2 According to RFC 3550 [3], several consecutive RTP packets (carrying one video frame) have equal timestamps if they are (logically) generated at once.
Observation 3 All PDUs of a PDU Set for carrying one application data unit (i.e. video frame) is associated with the same timestamp, and different PDU Sets are associated with different timestamps.
Observation 4 “Timestamp” generated by upper layer can be available for AS layer to group these PDUs with the same timestamp as belonging to one PDU Set.

For discarding DL PDU Set, we propose:
Proposal 1 gNB is responsible for handling discard on DL PDU Sets without causing any impact on UE side. 
Proposal 2 No new XR-specific enhancement on receiving side of PDCP layer for UE is needed (i.e. UE still delivers received PDCP SDUs of a PDU Set discarded by gNB to upper layers). 

For discarding UL PDU Set, we propose:
Proposal 3 RAN2 considers that “timestamp” generated by upper layer can be used as one of PDU Set Information for UE to identify UL PDU Set. When upper layer delivers PDCP SDUs for UL PDU Set to lower layer, each PDCP SDU is tagged with one timestamp.
Proposal 4 UE recognizes individual UL PDU Set based on timestamp tagged to each PDCP SDU by upper layer. 
Proposal 5 When the existing PDCP discard timer of a PDCP SDU expires and the PDCP SDU comes from a QoS Flow with PSIHI enabled, UE discards other PDCP SDUs tagged with the same timestamp as the PDCP SDU. 
Proposal 6 When discarding a PDCP SDU of one UL PDU Set is needed, PDCP layer indicates RLC layer for discarding the corresponding PDCP PDU as legacy.
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5 	Annex: RFC 3350
5. RTP Data Transfer Protocol

5.1 RTP Fixed Header Fields

   The RTP header has the following format:

    0                   1                   2                   3
    0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |V=2|P|X|  CC   |M|     PT      |       sequence number         |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |                           timestamp                           |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
   |           synchronization source (SSRC) identifier            |
   +=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+
   |            contributing source (CSRC) identifiers             |
   |                             ....                              |
   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
…
   timestamp: 32 bits
      The timestamp reflects the sampling instant of the first octet in
      the RTP data packet.  The sampling instant MUST be derived from a
      clock that increments monotonically and linearly in time to allow
      synchronization and jitter calculations (see Section 6.4.1).  The
      resolution of the clock MUST be sufficient for the desired
      synchronization accuracy and for measuring packet arrival jitter
      (one tick per video frame is typically not sufficient).  The clock
      frequency is dependent on the format of data carried as payload
      and is specified statically in the profile or payload format
      specification that defines the format, or MAY be specified
      dynamically for payload formats defined through non-RTP means.  If
      RTP packets are generated periodically, the nominal sampling
      instant as determined from the sampling clock is to be used, not a
      reading of the system clock.  As an example, for fixed-rate audio
      the timestamp clock would likely increment by one for each
      sampling period.  If an audio application reads blocks covering
      160 sampling periods from the input device, the timestamp would be
      increased by 160 for each such block, regardless of whether the
      block is transmitted in a packet or dropped as silent.

      The initial value of the timestamp SHOULD be random, as for the
      sequence number.  Several consecutive RTP packets will have equal
      timestamps if they are (logically) generated at once, e.g., belong
      to the same video frame.  Consecutive RTP packets MAY contain
      timestamps that are not monotonic if the data is not transmitted
      in the order it was sampled, as in the case of MPEG interpolated
      video frames.  (The sequence numbers of the packets as transmitted
      will still be monotonic.)
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