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1	Introduction
This contribution discuses PDU discard for XR services.
2	Need for Discard
At the last RAN2 meeting, an LS from SA4 was received in R2-2206969. Although the applicability of the IPB frames was generally questioned, the discarding of PDUs was still mentioned: "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."
This has been taken into account by SA2 in the PDU set definition [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."
And also mentioned in a few RAN2 TDocs at the last meeting:
-	R2-2207118: For XR kind of traffic, transmitter (Tx) side may decide to drop Y packets based on information provided by receiver (Rx) side or even by application (this decision will depend on SA2 progress and how/what XR related information is received by UE/gNB). For example, if the subset X of data PDUs that is critical are not received successfully by the Rx side, the Rx side can provide remote feedback (application layer level) to the Tx side to trigger the dropping of the related/dependent subset Y of PDUs if the Rx decoder isn’t capable of decoding the remaining PDUs/information without the lost PDUs, or the Tx may have local feedback to trigger the PDU discard operation. 
-	R2-2207044: If a PDU misses its deadline (whether it is associated with a PDU set or not), it may or may not become obsolete to the application. For example, depend on of individual implementation, an XR application may be able to still use belated PDUs in its decoding. Or if PDU A is late but the decoding of PDU B depends on the content of PDU A, then PDU A is still useful to the application even if it has missed its own deadline. As explained in SA4’s LS [1], such decisions could depend on implementations of individual applications. For these reasons, we think that on downlink, if a PDU is already in UE’s layer-two buffer, then it should be up to UE implementation whether to discard or deliver the PDU after it misses its deadline or becomes redundant […] On uplink, the situation may be slightly different. From UE’s perspective, it may be beneficial not to transmit a PDU if that PDU has already missed its deadline, because that would save UE power in UL transmission and avoid wasting UL radio resource. The latter especially matters when there is a congestion on UL. On the other hand, for the similar reason explained above for DL, a belated packet may still be useful to the application. Such applications can provide assistance information to CN and CN then informs RAN about applications’ preference. Therefore, we think a more flexible option to leave this decision to network configuration, i.e. network can configure whether UE should transmit or discard a PDU after it has missed its deadline.
-	R2-2207756: In the air interface, packet discarding is mainly controlled by PDCP layer, e.g. when the discardTimer expires for a PDCP SDU, the PDCP SDU and related data will be discarded by PDCP layer, as well as RLC layer. However, if the corresponding RLC SDU or a segment thereof has been submitted to the lower layers, the RLC SDU will not be discarded in actual, as specified in RLC specification. For XR service, as discussed above, PDU set is introduced in SA2. Accordingly, PSDB/PDB is defined for the PDU set/PDU. Similarly, we could apply similar mechanism about PDU set discarding or PDU discarding based on PSDB or PDU. For example, if a PDU set or PDU has exceeded the corresponding PSDB or PDB, it may be meaningless to transmit any remaining data of the packet, since the transmission does not contribute to user experience, while resources would be also consumed unnecessarily at the same time. The packet probably cannot be transmitted successfully within a very short duration. In this way, the PDU set or PDU could be discarded to improve the efficiency of resource utilization, and improve the capacity performance consequently. At the same time, there may be dependency between PDUs in PDU set. In order to keep the integrity of PDU set, when one PDU has exceeded the PDB, all related PDUs in PDU set should be discarded accordingly, irrespective of whether it has begun to transmit or not. The same mechanism could be also applied to the PDU set, considering there may be dependency between PDU sets in GoP. For example, if a PDU belonging to a video frame, is failed to be transmitted, the video frame or the PDU set may not be decoded correctly any more. Then, the remaining PDUs belonging to the same video frame or PDU set pending to be transmitted could be discarded. Packet discarding in gNB can be up to gNB implementation. But packet discarding in UE should be specified clearly in PDCP specification to define UE behaviour. Anyway, the above mechanism highly depends on the discussion in SA2/SA4, e.g. whether the dependency between PDUs or PDU sets exists, and whether the PDU/PDU set exceeding PDB/PSDB could be discarded. Thus, the final decision should be confirmed with SA2/4.
-	R2-2207980: PSDB defines an upper bound for the time that a PDU-set may be delayed between a given set of nodes. From RAN perspective, the RAN nodes should be aware of the overall RAN level PSDB associated with a given PDU-set information. If PSDB is exceeded, there should be mechanisms within RAN to discard the packets containing a given PDU-set information. Thus, RAN needs to be aware of PSDB and the impact of PSDB will be manly for identifying the scheduling priority within the network, HARQ operating points and for handling of discard timers in lower protocol layers (e.g. PDCP). Currently packet discarding based on delay budget is handled in PDCP layer and is hence per DRB. With proposal 1, if different parts of a PDU-set are mapped to different DRBs, then all PDCP SDUs corresponding to a given PDU-set (which may be mapped to different DRBs) shall all be discarded upon expiry of the timer. If the entire PDU-set is delivered by the upper layers at the same time, then, it seems the existing framework within PDCP would suffice (i.e. we can set the PDCP discard timer for all the corresponding DRBs used for carrying the PDU-set information to the same value). However, if different parts of the PDU-set are delivered at different time instances, then some additional mechanism is needed to ensure that PDCP SDUs of all related DRBs carrying data from a given PDCP set is discarded upon expiry of the discard timer. In addition to the discard mechanism within a given PDCP entity, we should also consider inter-PDCP entity based discard mechanisms wherein the PDCP entity discards SDUs dependent on discarded SDUs in other PDCP entities (e.g. if an I frame is discarded, then any dependent P/B frames shall also be discarded).
-	R2-2208313: Based on the definition, in addition to the QoS requirement, the application layer implementation on the PDU Set can also affect the optimized PDU discard and forward policies. It is trivial that if in some cases, transmitting the remaining PDU Set following the loss of a PDU from that same PDU Set may still be useful, then gNB should continue forward the PDUs to the UE.  However, if it is useless in some cases for gNB to continue transmitting the remaining PDUs of the same PDU Set, it is more desirable to discard the remaining PDUs in order to save the radio resources and UE power consumption.
Observation: discarding of PDUs can be frequent for XR services.
3	Discarding PDUs
The discarding of PDUs is currently quite basic:
-	PDCP reads the following:
	
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.




-	 While RLC reads the following:
	
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.




At PDCP, the current discard procedure can introduce SN gaps as it is left up to implementation. If outOfOrderDelivery is not configured, this will translate into reordering delays.
Observation: discarding data at PDCP can trigger reordering delays, unless outOfOrderDelivery is always configured.
At RLC, the current discard procedure is limited to the scenarios where neither the RLC SDU nor a segment thereof has been submitted to the lower layers. Besides, it cannot introduce any SN gap in case of RLC AM.
Observation: requesting RLC to discard SDUs does not always trigger an actual discard.
The mechanisms are quite basic because they were designed under the assumption that discard is more of an error case. For XR services, the assumptions are different: discard can be frequent. Without any optimisations, it would not always be possible to avoid transmitting data that is known to be useless for the receiver, and as a result, the capacity and power saving gains would be limited. Thus for the sake of capacity and power consumption, when discard is triggered for XR services, it should actually occur. 
Furthermore, XR services have low latency requirements and any discard procedure should not increase delays due to reordering.
Proposal: the discard procedures in PDCP and RLC should be enhanced to guarantee that discard will actually take place and without triggering additional delays.
3	Conclusion
Always echo in the conclusion all proposals made above.
This documents has made the following observations:
Observation: discarding of PDUs can be frequent for XR services.
Observation: discarding data at PDCP can trigger reordering delays, unless outOfOrderDelivery is always configured.
Observation: requesting RLC to discard SDUs does not always trigger an actual discard.
And proposed the following:
Proposal: the discard procedures in PDCP and RLC should be enhanced to guarantee that discard will actually take place and without triggering additional delays.
A corresponding text proposal is given below.
Text Proposal
[bookmark: _Toc113034857]5.1		XR Awareness
In both uplink and downlink, XR-Awareness relies at least on the notion of PDU set (see TR 23.700-600 [9]): a group of packets which have inherent dependency on each other in the media layer, and thus decoded/handled as a whole, for instance a video frame that may only be decoded in case all packets carrying the video frame are successfully delivered.
When, due to dependencies, losing PDUs from a PDU set render the other PDUs of that PDU set, or other PDU sets useless, discarding those useless PDUs could free network capacity and reduce power consumption. In order to ensure that discard will actually take place and without triggering additional delays in radio protocols, the discard procedures in PDCP and RLC should be enhanced.






