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Introduction
XR WID has approved to specify the discard operation of PDU Sets for DL and UL.
Specify the enhancements related to capacity:
…
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
For UL, RAN2#120 [1] has agreed that the PDU set discarding contains the timer-based discarding at PDCP.
For Uplink
1. Handling of discard FFS.
2. 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 to that, according to the latest TR 38.835 [2], the transmitter (UE in UL and RAN in DL) can discard the remaining PDUs of a PDU set if one PDU of that PDU set is known to either be lost or associated to a discarded SDU.
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. Furthermore, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU (see subclause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.
Moreover, RAN2#121 [3] has agreed that in case of congestion, UE can perform the PDU set discarding based on PSI.
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.
In summary, there are 3 kinds of PDU set discarding:
1) Timer-based;
2) PDU loss triggered; and
3) PSI based in case of congestion.
In the rest of this document, we will discuss these three kinds of PDU set discarding one by one.
Discussion
SA2 defined a new QoS parameter “PDU Set Integrated Handling Indication” (PSIHI) to indicate if all PDUs of the PDU set are needed for the application layer to be able to use it, see the following text quoted from TS 23.501 [4]. 
	The PDU Set Integrated Handling Indication (PSIHI) indicates that whether all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.


If the PDU Set Integrated Handling Indication indicates that not all PDUs are needed, then even if one or more PDUs have been lost, the remaining PDUs of the same PDU set still need to be transmitted. Hence, PDU set level discarding should be configurable by the network based on the received PSIHI information. The network would normally configure it only for the DRBs containing QoS flows configured with the “PDU Set Integrated Handling Indication”, and the UE will apply PDU set level discarding only to such DRBs while the legacy PDU discarding will be applied otherwise.
Proposal 1: PDU set level discarding should be configurable per DRB. 
2.1 Timer-based PDU set discarding
A PDU set will not be valid forever and its validity is related to PSDB, see the following text quoted from TS 23.501 [4]. 
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.
Figure 1 illustrates the meaning of PSDB. Assuming that the CN-PDB of each PDU within a PDU set is the same, then the AN-PDBs of these PDUs are different, the former PDU has a looser delay requirement than the later one. The range of such difference depends on the arrival time of the first and the last PDU.
[image: ]
Figure 1: illustration of PSDB
Observation 1: The AN-PDB of PDUs within a PDU set may differ and the difference range depends on the duration of the inter arrival time between the PDUs.
It should be noted that according to SA2 specifications (see [1]), the inter-arrival time is subject to SLA, so it is known to the network in advance. On the other hand, there is no mention of the possible inter-arrival time values, which can depend on a particular application:
	NOTE 1:	To enable support for PSDB, it is assumed that there is a maximum duration threshold for inter arrival time between the first received PDU and the last received PDUs constituting a the PDU Set as per SLA or pre-configuration.



The duration of the inter-arrival time between the first and the last PDU of the PDU set may have an impact on the PDCP discarding mechanism, which is elaborated below.
If the duration of the inter arrival time between the first and the last PDU is small, e.g., less than 1 ms, then all PDUs of a PDU set arrive at almost the same time. Legacy PDCP discard timers for each of these PDUs would be started almost at the same time and consequently, if they expire, they would also expire almost simultaneously.
Observation 2: If the duration of the inter arrival time between the first and last PDUs is small, the current PDCP discardTimer is sufficient for the timer-based PDU set discarding.
If the duration of the inter arrival time between the first and the last PDU is large, the current PDCP discardTimer mechanism is not sufficient anymore. As Figure 2 explains, the length of the PDCP discard timer is configured per RB today, as long as the PDUs of a PDU set are mapped to a single DRB, the PDCP entity will use the same length of PDCP discard timer for these PDUs. However, when the first PDU of the PDU set is discarded due to PDCP discardTimer expiry, the later PDUs are also expected to be discarded but may still be in the UE. In order to overcome this problem, three possible options are explored.
[image: ]
Figure 2: PDUs of a PDU set are discarded at different time
Option 1: Introduce a new PDU set level discard timer, with enhancements to the SDU discard procedure.
The new PDU set discard timer is maintained per PDU set. A PDU set discard timer is started when the first PDU of a PDU set arrives, and the expiry of a PDU set discard timer triggers the PDCP entity to discard all SDUs/PDUs belonging to the PDU set.
One question which needs to be answered is whether the legacy PDCP discard timer should still be used. We can specify that the new PDU set level discard timer and the legacy PDU level discard timer do not work simultaneously, alternatively we can continually use the legacy PDCP discard timer but set the time length to be “infinity” or other large value, once the PDU set level discard timer expires, all of the associated PDU level discard timers are regarded as expired.
Option 2: No new timer is introduced, but the length of PDCP discard timer vary for different PDUs. 
For example, the 1st PDU arrives at time 0 and the associated PDCP discard timer is set to be 10 ms, 3ms later the 2nd PDU arrives, then its associated PDCP discard timer will be 7ms (i.e., the current value of the previous PDU’s PDCP discard timer), another 2ms later the 3rd PDU arrives and its associated PDCP discard timer is set to be 5ms, and so on. By doing so, all of the PDCP discard timers associated to the PDUs of the same PDU set will expire at the same time.
Option 3: No new timer is introduced, but expiry of the first PDCP discard timer triggers the discard of the whole PDU set.
More specifically, once the PDCP discard timer of the 1st PDU expires, all the PDUs within the same PDU set shall be discarded. In other words, once the 1st PDU’s discard timer expires, the discard timers of the other PDUs belonging to the same PDU set are regarded as expired.
All the above options achieve the same goal, but among them, option 3 reuses the current PDCP procedure to the largest extent.
Proposal 2: Existing PDCP discard timer can be reused for PDU set level discarding, i.e. the expiry of the 1st PDU’s discard timer triggers discard of the whole PDU set.
2.2 PDU loss triggered PDU set discarding
In addition to the timer based PDU set discarding discussed above, PDU loss can also trigger the PDU set discarding, see the following text quoted from TR 38.835 [2]. As soon as the sender knows a PDU set has no chance of being decoded because a PDU was lost already, the sender can discard the remaining PDUs of the PDU set to save the radio resources.
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. Furthermore, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU (see subclause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The question that needs to be answered is how the sender can know a PDU has been lost. Considering RAN2 has agreed that the PDU set discarding should be performed at the PDCP layer, the PDCP status report can be used with some enhancements to inform the transmitter that one or more PDUs of the PDU set have been lost. Currently, the receiving PDCP entity does not trigger the PDCP status report except in some rare scenarios like the uplink data switching, PDCP entity re-establishment or data recovery (AM DRB). Therefore, a new trigger for PDCP status report is needed for the receiver to be able to inform the transmitter about the PDU loss. At the PDCP layer, a PDCP SDU can be regarded as lost if it is not successfully received when the t-Reordering expires and this event can be used as a PDCP SR trigger.
Proposal 3: The gNB can configure the UE to trigger a PDCP status report when the t-Reordering expires.
Based on such status report the gNB may discard the remaining PDUs of the PDU set. Similarly, for UL direction, the gNB should be able to configure the UE to discard the remaining PDUs of the PDU set when one of the PDUs is lost based on the PDCP SR sent from the gNB to the UE.
Proposal 4: If PDU set level discarding is configured for the DRB, the transmitting PDCP entity at the UE shall discard the remaining PDUs of a PDU set if one PDU of that PDU set is known to be lost according to the PDCP status report received from the gNB.
2.3 PSI based PDU set discarding in case of congestion
The baseline idea behind the PSI based PDU set discarding is not complicated. When the congestion happens, the PDU set with lower importance can be discarded while the PDU set with higher importance still get transmitted. For DL, this is very straightforward as the gNB may just decide to do this at any time where the load becomes too high. The more complicated part is that UEs are unable to detect the congestion by themselves. Each UE can only know its own buffer status and data rate information, but that does not represent network load status properly, since there may be a lot of UEs connected to the network at the same time. 
Observation 3: UE is unable to detect the network congestion by itself, hence the PSI based PDU set discarding can only be controlled by gNB.
There are at least the following two options:
Option 1: The gNB temporarily adjusts the PDCP dicardTimer length of low PSI PDU sets, for example set the PDCP discardTimer to 0. In consequence, low PSI PDU sets will be discarded when the congestion happens.
Option 2: The gNB indicates the UE to discard the PDU sets with low PSI.
When the value of PDCP discard timer is set to 0 for the first option, the outcome of both these solutions is the same, but the first option allows to reuse the existing specifications and procedures to a large extent. On the other hand, option 2 introduces a new indictor and UE behaviour to achieve the same thing. Furthermore, in the case of option 1, gNB has more flexibility as it does not have to set the discard timer to 0, but can use another value, shorter than the previous one. This way, it is possible to have at least part of low PSI packets to get transmitted, if there is a scheduling occasion that can be used for this. Hence, option 1 is preferred due to its simplicity and flexibility.
Proposal 5: Introduce PSI-specific PDCP discard timer with additional PDCP discard timer values, including (but not limited to) 0ms.
Another issue that needs to be discussed is whether the reconfiguration of the discard timers should be done using RRC protocol or rather in lower layers, e.g. using a MAC CE. The first option allows to reuse the current reconfiguration mechanism and has least impacts to specifications. On the other hand, it may be impossible for the gNB to timely adjust the setting of the discard timer in line with the dynamically changing congestion situation. 
Proposal 6: RAN2 should discuss which protocol layer should be responsible for adjusting the PSI-specific PDCP discard timers during congestion, e.g. RRC and/or MAC.
Conclusion
In this contribution, we have discussed the PDU set discarding for XR traffic and made the following observations and proposals:
Observation 1: The AN-PDB of PDUs within a PDU set may differ and the difference range depends on the duration of the inter arrival time between the PDUs.
Observation 2: If the duration of the inter arrival time between the first and last PDUs is small, the current PDCP discardTimer is sufficient for the timer-based PDU set discarding.
Observation 3: UE is unable to detect the network congestion by itself, hence the PSI based PDU set discarding can only be controlled by gNB.
Proposal 1: PDU set level discarding should be configurable per DRB.
Proposal 2: Existing PDCP discard timer can be reused for PDU set level discarding, i.e. the expiry of the 1st PDU’s discard timer triggers discard of the whole PDU set.
Proposal 3: The gNB can configure the UE to trigger a PDCP status report when the t-Reordering expires.
Proposal 4: If PDU set level discarding is configured for the DRB, the transmitting PDCP entity at the UE shall discard the remaining PDUs of a PDU set if one PDU of that PDU set is known to be lost according to the PDCP status report received from the gNB.
Proposal 5: Introduce PSI-specific PDCP discard timer with additional PDCP discard timer values, including (but not limited to) 0ms.
Proposal 6: RAN2 should discuss which protocol layer should be responsible for adjusting the PSI-specific PDCP discard timers during congestion, e.g. RRC and/or MAC.
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