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1. Introduction
RAN2#119e made the following agreements [1]:
	· RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 

· RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions. 

· RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE 

· XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts. 

· RAN2 can study e.g., periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e., how dynamic they are). 

· RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this).

· As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).


In this contribution, we discuss how awareness of XR traffic can impact PDU discarding of XR traffic and the potential enhancements for handling discarding at PDCP. 
2. Discussion
2.1. Discarding PDUs in PDU sets at PDCP layer
In previous RAN2#119e meeting, an agreement was made to adopt the definition of PDU sets from SA2. From the SA2 definition in TR 23.700-60 [2], the two applicable PDU set types are as follows:
· Type 1 PDU Set:

· All PDUs associated with a PDU set may be expected to be delivered in UL/DL within the PDU set level QoS (e.g., PSDB, PSER). 

· All PDUs in the PDU set may have similar importance/priority values. 

· When one of the PDUs is lost or delayed, the rest of the PDUs may be dropped

· Type 2 PDU Set:

· One or more PDUs associated with a PDU set may have different importance/priority level compared to others.

· When one or more high importance/priority PDUs in a PDU set are received within the associated QoS, no adverse impact to the application may be observed even when some of the other PDUs may be lost or delayed.
As per the SA2 TR [2], the PDUs of PDU sets are expected to be delivered within the following PDU set level QoS requirements:
	PDU-Set Delay Budget (PSDB)

The PDU-Set Delay Budget (PSDB) defines an upper bound for the time that a PDU-Set may be delayed between the UE and the N6 termination point at the UPF. 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. In the case of 3GPP access, the PSDB is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points). For GBR QoS Flows using the Delay-critical resource type, a PDU-Set delayed more than PSDB is counted as lost if the QoS Flow is not exceeding the GFBR. For GBR QoS Flows with GBR resource type not exceeding GFBR, of the PDU-Sets shall commonly not experience a delay exceeding the 5QI's PSDB to a very high percentage.

PDU-Set Error Rate (PSER)

The PDU-Set Error Rate (PSER) defines an upper bound for the rate of PDU-Sets (e.g. set of IP packets constituting a PDU-Set) that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but where all of the PDUs in the PDU-Set 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. For GBR QoS Flows with Delay-critical GBR resource type, a PDU-Set which is delayed more than PSDB is counted as lost, and included in the PSER unless the QoS Flow is exceeding the GFBR. Congestion related packet drops should be avoided by means of an application layer rate adaptation scheme.


As described in [2], to reconstruct the PDU set at the receiving end, all or a certain number of PDUs have to be delivered within the PSDB and PSER requirements in both the UL and DL, irrespective of the number of PDUs in the PDU set. If some of the PDUs of the PDU-set cannot be delivered within the PSDB, whether/how any of the remaining PDUs can be discarded to save or repurpose the resources should be studied. In some cases, discarding some of the PDUs can benefit the overall system capacity with no downside to the application. In other cases, transmitting the remaining PDUs can still be valuable. 
In the legacy approach, the PDCP SDUs received from higher layers are discarded at the transmitting PDCP entity when the PDCP discard timer expires or when receiving a confirmation indication in the PDCP status report. The PDCP discard timer can be configured on a per-DRB basis to reflect the QoS of regular SDUs. 
When handling PDU sets, whether a similar mechanism can be used for configuring the discard timer and discarding any of the transmitted and remaining PDUs of PDU set at the transmitting PDCP entity at a DRB should be discussed. Unlike the legacy SDU, since a PDU set can consist of multiple PDUs, the discard timer can be associated with the air-interface PSDB instead of the SDU level latency. In this case, depending on the PSDB of the PDU-set, the applicable discard timer value can be different. For example, when configured with a PDU-set level discard timer, the transmitting PDCP entity can track the delivery of the PDUs on the basis of per-PDU set (e.g. based on PDU set-level ID or SN). When the discard timer expires, the UE can discard any of the remaining PDUs of the PDU set in the transmitting PDU entity for saving resources. 
Proposal 1:
Support configuring a PDCP discard timer that is associated with the delay bound (e.g. air-interface PSDB) for delivering the PDUs of a PDU set. 
Proposal 2:
UE discards the remaining PDUs of a PDU set in the transmitting PDU entity when the PDU set-level discard timer expires. 
Since the AS layer may handle different types of PDU-sets (e.g., type 1 and type 2), whether to use the same discarding mechanism for the different types should be discussed. For example, when handling a type 2 PDU-set, it may be possible to not discard some of the PDUs which are of mid-level importance (e.g., PDUs carrying differential video frames) even when the discard timer associated with the PDU-set expires. Other PDUs which are of low importance level may be discarded when the discard timer expires.   

Proposal 3: 
Study mechanism for discarding PDUs of a PDU set based on the type of PDU set (e.g. Type 1 vs. Type 2).
Given the different possibilities of how the XR traffic can be carried in the QoS flows, the PDUs of a PDU set may be mapped to multiple DRBs and delivered at different time instances. In this case, the mechanism for tracking the PDUs and discarding can be enhanced to ensure that the remaining PDUs of a PDU set in any of the different DRBs are discarded at the expiry of the PDU-set level discard timer. 
Proposal 4: 
Study mechanism for discarding of PDUs of a PDU set mapped to different DRBs using timer-based discarding.
In addition to the discard of remaining PDUs in PDU sets, in some cases, inter-PDU set dependencies between different frames mean that the loss of one frame (e.g., an I frame) can result in any dependent (P/B-) frame being rendered useless. In this case, the discard mechanism should also take into account the inter-PDU set dependency for identifying the PDCP entities that can discard any of the remaining PDU sets when the discard timer expires at a dependent PDCP entity when delivering a dependent PDU set.  
Proposal 5: 
Study mechanisms for discarding PDU sets at different transmitting PDCP entities once the discard timer expires at a dependent PDCP entity during the delivery of a dependent PDU set.
Similar to the PDSB, there are implications to reconstructing the PDU set at the receiving end if too many PDUs in the PDU set (beyond the PSER) are lost. In this case, the discarding mechanism can take into account the PSER to decide on whether to discard the PDUs of a PDU set in any of the associated PDCP entities. The impact on performing discarding of PDUs on the system capacity based on the PSER should be studied. 

Proposal 6:
Study the impact on PSER when discarding PDUs in one or multiple PDCP entities that handle the delivery of PDUs of a PDU set.
During the post-meeting email discussion [Post-119e][261][XR] LS on XR Awareness in RAN [3], the addition of an early discard indicator from higher layers was discussed to avoid unnecessary transmissions of any correlated PDUs or PDU sets. Having the knowledge of the loss/delayed media units (e.g., PDUs per PDU set or correlated PDU sets) that can be tolerated by the application can be beneficial at RAN and UE for improving capacity and power savings.

Proposal 7:
Study the impact of an early discard indicator at RAN and UE to decide on delivery vs discard of a media unit (PDU/PDU set).
3. Conclusion

In this contribution, the following proposals are made:
Proposal 1:
Support configuring a PDCP discard timer that is associated with the delay bound (e.g. air-interface PSDB) for delivering the PDUs of a PDU set. 
Proposal 2:
UE discards the remaining PDUs of a PDU set in the transmitting PDU entity when the PDU set-level discard timer expires. 
Proposal 3: 
Study mechanism for discarding PDUs of a PDU set based on the type of PDU set (e.g. Type 1 vs. Type 2).
Proposal 4: 
Study mechanism for discarding of PDUs of a PDU set mapped to different DRBs using timer-based discarding.
Proposal 5: 
Study mechanisms for discarding PDU sets at different transmitting PDCP entities once the discard timer expires at a dependent PDCP entity during the delivery of a dependent PDU set.
Proposal 6:
Study the impact on PSER when discarding PDUs in one or multiple PDCP entities that handle the delivery of PDUs of a PDU set. 
Proposal 7:
Study the impact of an early discard indicator at RAN and UE to decide on delivery vs discard of a media unit (PDU/PDU set).
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