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1. Introduction
RAN2#120-e has agreed the following about the PDU discarding:
	For Uplink
Handling of discard FFS.
RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.



In this contribution we further discuss the impacts on the PDU discarding for XR traffic. 
2. [bookmark: Proposal_Beacon]Discussion
In previous RAN1/2 meetings it was concluded that XR-awareness information provided from the core network is helpful for the XR-specific power saving enhancements and capacity enhancements. 

SA2 has introduced the terminology of a PDU set. A PDU set is a set of packets (e.g. IP packets) that have dependency to each other and are important to the application for correct behaviour of the application (e.g. packets of a video frame that are required to decode the video). Such PDU set must have some common QoS treatment within the 3GPP network. Some solutions on PDU set level QoS parameters (e.g., PDU Set delay budget and PDU Set error rate) from application server to 5GS are under discussion to better support the PDU set transmission handling. This is particularly needed considering that individual IP packets within an XR PDU set (e.g., a video frame) are dependent on each other and must be all received within the expected PDB to be of any use by the end user application. The implication of PDU set concept is that IP packets should no longer be treated independently in the RAN. The concept of a PDU-Set enables enhancements to efficient resource management in 5GS, e.g. in NG-RAN. One such example enables cell capacity increase. In this example NG-RAN may take a decision to not deliver any PDU of a given PDU-Set when NG-RAN can assess that not all PDUs constituting that PDU set are feasible to be delivered within a required time.

Discarding PDCP SDUs/PDUs of a PDU set
In RAN2#119bis meeting it was agreed that the granularity of the discard operation at PDCP in the transmitter should be the PDU set. It was further agreed in the RAN2#120 meeting, for PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set.

For example, packets of a PDU set for which the PSDB is exceeded may be depending on the used codec or depending on the application of no use for the receiver, hence shouldn’t be transmitted. Similarly, Packets within a frame have dependency with each other since the application may need all of these packets for decoding the frame. Hence one packet loss will make other associated packets useless even they are successfully transmitted. In some implementation, packets between frames e.g., in a GOP have dependency since the application needs to decode one frame based on another frame. XR applications impose requirements in terms of Media Units (PDU Sets), rather than in terms of single packets/PDUs. Assuming RAN/scheduler is aware of such packet dependencies, the already or to be scheduled packets that their reception might not be useful can be discarded leading to power saving and capacity improvements.

NR PDCP protocol layer supports the timer-based discard functionality, i.e. by means of a PDCP discard timer. The PDCP discard timer is maintained per PDCP SDU, e.g. discard timer is started at reception of a PDCP SDU from upper layers. However, this mechanism and the discarding decision is based on individual PDCP SDUs/PDUs. As agreed for XR-services it is more suitable to discard an application packet, e.g. PDU set, before starting to transmit it if it is estimated that such PDU set will not meet the PSDB. In other words, all PDCP SDUs/PDUs associated to a PDU set are dropped if that such application packet will not meet the agreed QoS e.g. PSDB. RAN2 should further discuss how to enforce a packet delay budget on PDU set level, e.g., PDCP SDUs belonging to the same PDU set should be treated the same in terms of latency requirements. It was mentioned in some contributions that a new PDCP discard timer for XR services which is maintained per PDU set may be required in order to enforce PDU discarding on a PDU Set level. However, we believe that it is not necessary to introduce an additional discard timer on PDCP layer. It will be also possible to enforce a discarding on a PDU set level with the current PDU discard timer, e.g. using the 	PDU Set Integrated handling Indication (PSIHI)provided by the CN. If the PDU Set Integrated handling Indication (PSIHI)provided by the CN indicates that all PDCP SDUs of a PDU set need to be received at the application layer , UE may for example consider the PDCP discard timers of all the PDCP SDUs associated with an PDU set as expired for cases when the PDCP discard timer of one PDCP SDU – first PDCP SDU of the PDU set – expires.   

Proposal 1: UE considers the PDCP discard timer of all the PDCP SDUs associated with an PDU set as expired for cases when the PDCP discard timer of one PDCP SDU expires. 
Proposal 2: Legacy PDCP discard timer together with the PDU Set Integrated handling Indication (PSIHI), e.g. information provided by CN, is used to enable the timer-based discarding of PDU/SDUs of a PDU set, i.e. no need for an additional PDCP PDU set discard timer.

There is currently still the following paragraph in the TR (38.835):

When a certain number of PDUs of a PDU Set are known to be required by the application layer to use the corresponding unit of information (for instance due to the absence or limitations of error concealment techniques, see TR 26.926 [6]), as soon as the number of PDUs known to be lost exceeds this number, the remaining PDUs of that PDU Set are no longer needed by the application and may be subject to discard operation (see subclause 5.3.2).

However according to the current SA2 status, there is no threshold signaled from the CN for a QoS flow, which AS (PDCP) may use for the discarding of SDUs/PDUs which are considered as not useful. Therefore, we think that the TR should be either updated, i.e. removal of the corresponding related text, or RAN2 should sent an LS to SA2/SA4 asking them to introduce such threshold information as a new 5G QoS parameters for a PDU Set.

Proposal 3: RAN2 to discuss whether discarding based on a threshold, i.e. number of PDUs known to be lost exceeds a threshold provided by CN, is supported.

In [1], it says the PDU Set information ‘PDU Set importance’ provided by the UPF to NG-RAN may be used by NG-RAN for PDU Set level packet discarding in the presence of congestion. Therefore, in addition to the timer-based discard mechanism within a given PDCP entity, RAN2 may also discuss PDCP discarding considering the PDU Set importance for UL PDU sets at UE in the presence of UL congestion. For example, when I-frames will be arriving at the next period, some P-frames may be still pending at the PDCP entity due to congestion. Intra-UE prioritization, e.g. LCP procedure, should ensure that the I-frame PDUs are transmitted rather than the P-frame PDUs. Additionally, it might be considered to discard the SDUs/PDUs belonging to a previous P-frame for the UE, e.g., when the NW detects the UL congestion, the NW configures UE to discard the PDU sets associated with a low importance level for a better resource efficiency/system capacity.
Proposal 4: RAN2 to discuss whether discarding of PDUs of a PDU set before expiration of the PDCP discard timer in case of UL congestion is supported, e.g., the NW configures UE to discard the PDU sets associated with a low importance level if the UL congestion is detected by the NW.

Impacts of discarding to L2 protocols (RLC/PDCP)
Discarding a packet at the transmitter side – e.g., due to exceeding the corresponding PSDB or due to a lost packet- may depending on what stage the discarding is done require informing the corresponding receiving entity about the discarded packets. If the to be discarded packets have not been yet submitted to lower layers, the associated L2 (PDCP/RLC) SN could be reused for new packets. However, if packets have been already provided to lower layers for a transmission attempt reassignment of Sequence numbers is not possible, e.g. discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP. 
We think that the packet dropping mechanism should be enhanced for XR services. Different to the current specified mechanism, where only those RLC PDUs/SDUs can be discarded which have not yet been submitted to the lower layers for transmission, it may be needed to discard packets even if they have already been submitted to lower layers (MAC layer) for transmission. Discarding will be more often invoked for XR services compared to the legacy discard mechanism – e.g. due to the PDU Set Integrated handling Indication (PSIHI). Therefore, it is beneficial from capacity and transmission power point of view to also allow discarding of packets which have already an associated SN. It should be noted that RAN1 agreed to introduce Dynamic indication of unused CG PUSCH occasion(s) based on UCI for cases when UE doesn’t use the allocated CG PUSCH resources. This unused indication could be also used for cases when PDCP PDUs/SDUs and hence the corresponding TBs are discarded for cases when the TB contains data which is of no use for the receiving entity (due to an exceeded PSDB). Assumption here is that the PDUs of a PDU set, e.g. I/P frame are transmitted on CG PUSCH resources. 
As mentioned before this may though require informing the corresponding receiving entity about the discarded packets. The receiving entity may update its receiving window respectively corresponding timers in RLC/PDCP and for example not requesting RLC retransmissions (when applying RLC AM) based on the provided information on discarded packets. 

Proposal 5: RAN2 to discuss enhancements to the discarding mechanism, e.g. informing receiving entity about discarded packets at the transmitter side, which may impact PDCP/RLC window operation.

For UL resource allocation, it would be beneficial if UE provides some assistance information regarding the remaining delay budget of the data pending in its buffer to the gNB. In RAN2#119bis meeting it was agreed that providing delay knowledge of buffered data, consisting of at least remaining time, and distinguishing how much data is buffered for which delay is considered is an useful improvement in order to allow for an enhanced uplink scheduling of XR services. 
Similarly, gNB would also benefit from a notification by UE about UL data - which were reported in a BSR previously – which was discarded at the transmitter side before transmission, e.g. for which the delay budget is exceeded. gNB can take such knowledge into account for an efficient resource allocation, e.g. avoiding to issue further UL grants for data pending in UE’s buffer which is of no use for the user. 

Proposal 6: RAN2 should discuss UE reporting enhancements to inform gNB about discarded PDU/SDUs at the transmitter side, e.g. when the delay budget is exceeded for data which has been previously reported in a BSR.  

3. Conclusion
In this contribution, we discuss the discarding of PDUs of a PDU set. We have the following proposals:
Proposal 1: UE considers the PDCP discard timer of all the PDCP SDUs associated with an PDU set as expired for cases when the PDCP discard timer of one PDCP SDU expires. 
Proposal 2: Legacy PDCP discard timer together with the PDU Set Integrated handling Indication (PSIHI), e.g. information provided by CN, is used to enable the timer-based discarding of PDU/SDUs of a PDU set, i.e. no need for an additional PDCP PDU set discard timer.
Proposal 3: RAN2 to discuss whether discarding based on a threshold, i.e. number of PDUs known to be lost exceeds a threshold provided by CN, is supported.
Proposal 4: RAN2 to discuss whether discarding of PDUs of a PDU set before expiration of the PDCP discard timer in case of UL congestion is supported, e.g., the NW configures UE to discard the PDU sets associated with a low importance level if the UL congestion is detected by the NW.
Proposal 5: RAN2 to discuss enhancements to the discarding mechanism, e.g. informing receiving entity about discarded packets at the transmitter side, which may impact PDCP/RLC window operation.
Proposal 6: RAN2 should discuss UE reporting enhancements to inform gNB about discarded PDU/SDUs at the transmitter side, e.g. when the delay budget is exceeded for data which has been previously reported in a BSR.
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