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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss PDU discard.
Discussion
In the previous RNA2 meetings, the following agreements on PDU discard are achieved, which have been reflected in TR 38.835 [3].
· 1. For UE transmitter, the PDCP discard should be performed per PDU set basis. 
· 2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.
· 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 addition, TR 38.835 [3] captures the triggering of the discard operation, while an EN is marked in order to update such description according to the latest SA2 agreement. The text in subclause 5.1.1 of TR 38.835 [3] is an example of discard triggering. 
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).
NOTE 1:	This depends on the application and it cannot always be assumed that the remaining PDUs are not useful and can safely be discarded.
NOTE 2:	In case of Forward Error Coding (FEC), active discarding of PDUs when assuming that a large enough number of packets have already been transmitted for FEC to recover without the remaining PDUs is not recommended as it might trigger an increase of FEC packets (see S4aV220921 [14]).
Editor's Note: the latest SA2 agreements on PSII need to be taken into account to update the description of discard operation.
Let’s see what has been defined in SA2 for PDU discard. In TR 23.700-60, SA2 defines the following PDU Set QoS parameters to support PDU Set. Such PDU Set QoS parameters are delivered to AS level (i.e. NG-RAN) for the PDU Set usage/handling. 
The following PDU Set QoS parameters are defined to support PDU Set handling:
NOTE 1:	The definitions of PSER and PSDB can be revisited during normative phase.
-	PDU Set Error Rate: The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access). For every 5QI the value of the PSER is the same in UL and DL. If any PDU within the PDU Set is not successfully transmitted, the PDU Set is treated as error.
NOTE 2:	In this release, a PDU set is considered as successfully delivered when all PDUs of a PDU Set are delivered successfully.
-	PDU Set Delay Budget: The PSDB defines an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. time between reception of the first PDU and the successful delivery of the last arrived PDU of a PDU Set. 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.
NOTE 3:	To enable support for PSDB, it is assumed that there is a maximum duration threshold for inter arrival time between PDUs and first arrived PDU within the PDU Set as per SLA or pre-configuration. How to handle the case of maximum duration threshold is not met needs to be discussed in normative phase.
	PSDB is an optional parameter. If PCF has sufficient information to determine the PSDB, the PSDB is used to support the configuration of scheduling and link layer functions.
-	Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).
If PDU Set based QoS handling is used, PCF determines the above PDU Set QoS Parameters based on information provided by AF (described in clause 8.4.2) and/or local configuration. The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN.
Among all PDU Set QoS parameters, we understand PSII is the parameter designed to handle PDUs of a PDU Set and has tight coupling with the discard operation in RAN2. In other words, PSII can be used to know whether the remaining PDUs are no longer needed in the case that some PDUs of the same PDU Set are lost. In one implementation, if PSII is set as True, the remaining PDUs of one PDU Set are discarded if several PDUs of this PDU Set are lost. Otherwise, the remaining PDUs of this PDU Set are worth transmitting.
Although PSII is described from the downlink perspective, as usual, the 5G system does not distinguish QoS parameters for UL from DL. Thus, PSII can be applicable for both uplink and downlink. If the UL transmitter, i.e. UE, can obtain UL PSII from SMF, the UL PSII can be used for discard operation. Otherwise, as NG-RAN can obtain PSII from SMF, the UE can obtain PSII from the gNB for uplink discard operation. Once PSII is indicated and set as False, the UE should try its best to deliver all PDUs of a UL PDU Set. Otherwise, the UE can discard the remaining PDUs of a UL PDU Set if some PDU of that UL PDU Set is considered lost.
Accordingly, the following text can be reflected in TR 38.835,
When PSII is indicated and set as True, as soon as the PDU(s) are known to be lost, 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).
Observation 1 [bookmark: _Toc127521740]SA2 has concluded to use PSII to indicate whether all PDUs of a PDU Set are needed. Such indication in our understanding can be used for the PDU Set discard. 
[bookmark: _Toc127521742]RAN2 confirms the following and captures it in TR 38.835: When PSII is indicated and set as True, as soon as the PDU(s) are known to be lost, the remaining PDUs of that PDU Set are no longer needed by the application and may be subject to discard operation.
[bookmark: _Toc127521743]As the uplink transmitter, the UE obtains PSII from the network to determine whether to enable PDU Set discard. In detail, if PDU Set Integrated Indication is set as True, the UE can discard the remaining PDUs of a PDU set if some PDU of that PDU Set is known as lost, otherwise, the UE can continue the PDU transmission. 

Regarding FEC or packet ratio/number, we understand PDU discard operation based on such a mechanism is already excluded by the following SA4 reply LS (S4aV220921).
Q1: Packet ratio for FEC
SA2 discussed some candidate solutions proposing packet transmission based on the ratio of source symbol packets, i.e., K/N in the above example. SA2 would like to ask SA4 whether the above ratio is static for a specific XRM service, and whether application layer can provide such a ratio to 5GS.
SA4 response:
· Generally, on the usage of AL-FEC for XRM services
· SA4 until now has not done any analysis on applying FEC codes to XRM services. Our example and context of PDU sets relates to experience in MBMS services. For example, in TR 26.881 “Study on Forward Error Correction (FEC) for Mission Critical Services”, it is recommended that services with latencies below 1 second are sufficiently supported by well-dimensioned physical layer FEC.
· In real-time services, in particular with RTP and WebRTC as considered in Release 18 normative work in SA4, applying a “fixed” FEC scheme is quite often not possible as RTP source packets are typically not of identical size.
· Also note that FEC codes applied in Real-time service may quite often not be maximum distance separable (MDS) and hence, the reception of how many and which packets are necessary for recovery is quite dependent on a specific PDU set.
· In general, SA4 discourages to apply “active” packet dropping to FEC protected information as it may negatively impact receiver operations (e.g., confuse the receiver (for example asking for even more FEC packets), result in additional delay, lead to wrong measurement of the network capacity, or harm fast decoding). The 5G System should provide the requested/expected QoS and not rely on application layer FEC.
· Specifically on the question
· Although some FEC codes allow for static redundancy ratio, the K/N ratio is not always static during a media delivery session. For example, Video usually relies on Flex-FEC configurations. In such a case, the application is expected to update the 5GS with any configuration change.

Thus, RAN2 can delete the following text related to the discard operation in 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).
NOTE 1:	This depends on the application and it cannot always be assumed that the remaining PDUs are not useful and can safely be discarded.
NOTE 2:	In case of Forward Error Coding (FEC), active discarding of PDUs when assuming that a large enough number of packets have already been transmitted for FEC to recover without the remaining PDUs is not recommended as it might trigger an increase of FEC packets (see S4aV220921 [14]).
[bookmark: _Toc127521744]RAN2 confirms to delete texts on FEC-based discard operation in TR 38.835.

Another left issue in RAN2#120 for PDU discard is whether in-band marking is needed for discard.
· In-band marking not needed. Further information considered if BSR is not enough.
· Handling of discard FFS.
We understand that companies with such intention would like to let the receiver know the association of PDUs and use such association to discard the packets received. But, to us, the benefit is not clear, because 1) Even if the receiver has had such in-band marking, it is unable to free up radio resources since the packets intended to be discarded are already transmitted. 2) There is no capacity limitation for CN transmission. On the other hand, if there are still concerns, another way can be considered to let the receiver know which packets to discard, i.e. the transmitter (e.g. PDCP) can indicate the SN of the packets to be discarded to the receiver. In this way, the complex work/discussion on PDU header design can be avoided. 
[bookmark: _Toc127521745]RAN2 confirms that in-band marking for discard operation is not needed.

In legacy, both the PDCP layer and the RLC layer need to respond/be triggered once there is a need to discard PDU.
In TS 38.323
[image: ]
In TS 38.322
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Based on the above, although the PDCP layer indicates the RLC layer to discard the associated SDU, the discard of the corresponding RLC SDU actually happens only when neither the RLC SDU nor a segment has been submitted to the lower layer. We understand the current mechanism may not benefit as we expected on efficient resource usage but it reduces the impact as much as possible on both the transmitter and receiver. From this perspective, we prefer RAN2 to evaluate whether the current SDU discard is indeed insufficient, i.e. whether the RLC entity needs to discard the SDU even if this packet has been delivered to the lower layer. If RAN2 agrees on the RLC enhancement, RAN2 would further discuss the impact on the receiving window.
[bookmark: _Toc127521746]RAN2 discusses whether to keep the current RLC SDU discard rule, i.e. the RLC SDU to be discarded should be the one that has not been yet submitted to the lower layer.
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[bookmark: _Toc109213964]Conclusion
We have the following observations:
Observation 1	SA2 has concluded to use PSII to indicate whether all PDUs of a PDU Set are needed. Such indication in our understanding can be used for the PDU Set discard.

We have the following proposals:
Proposal 1	RAN2 confirms the following and captures it in TR 38.835: When PSII is indicated and set as True, as soon as the PDU(s) are known to be lost, the remaining PDUs of that PDU Set are no longer needed by the application and may be subject to discard operation.
Proposal 2	As the uplink transmitter, the UE obtains PSII from the network to determine whether to enable PDU Set discard. In detail, if PDU Set Integrated Indication is set as True, the UE can discard the remaining PDUs of a PDU set if some PDU of that PDU Set is known as lost, otherwise, the UE can continue the PDU transmission.
Proposal 3	RAN2 confirms to delete texts on FEC-based discard operation in TR 38.835.
Proposal 4	RAN2 confirms that in-band marking for discard operation is not needed.
Proposal 5	RAN2 discusses whether to keep the current RLC SDU discard rule, i.e. the RLC SDU to be discarded should be the one that has not been yet submitted to the lower layer.
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‘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. «
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When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AMRLC
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 transmilting side of an AMRLC entity shall not iniroduce 21RLC
SN gap when discarding an RLC SDU.<




