

Page 1

[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #119bis-e	R2-2209452
e-Meeting, October 10~19, 2022	

Agenda item:	8.5.2.3
Source:	Qualcomm Incorporated
Title:	Discussion on PDU discard
[bookmark: _Hlk506366071]WID/SID:	FS_NR_XR_enh
Document for:	Discussion and Decision
Introduction 
In this paper, we discuss on whether the XR awareness impacts PDU discarding of XR traffic, e.g. whether existing PDU discard mechanisms are sufficient.
Discussion
General criteria for discard
There can be several reasons that a PDU may no longer be needed by an application. For example, 
· If a PDU misses its delivery deadline, then it may not be needed by the application during the playback. 
· If a PDU is associated with a PDU Set and the content criteria used by the application is “all or nothing” or “good until the first loss”, then all PDUs arrive after the first loss in the same PDU Set may no longer be needed by the application, because the content criteria can be no longer met;
· If a PDU is associated with a PDU Set and the content criteria used by the application is based on FEC, then a PDU may no longer be needed by the application if the application has already received enough number of PDUs in that PDU Set to decode the original video frame, i.e. the content criteria have already been met.
If a PDU may not be needed by the application anymore, then it is subject to discard.  
Proposal 1. 	A PDU is subject to discard if it has missed its deadline or the content criteria of its associated PDU set can no longer be met or have already been met.
In general, if a PDU in a PDU set is subject to discard because it has met the discard criteria, then the subsequent PDUs in the same set will become obsolete or redundant too. However, according to SA4 [1], different PDUs in the same PDU set may have different importance to the application. For example, that may depend on the encoding scheme implemented by application. Therefore, it is desirable to keep the decision on whether to discard a PDU in a PDU set independent from status of other PDUs in that same PDU set, i.e. discard of one obsolete or redundant PDU does not necessarily trigger the discard of all subsequent PDUs in the same PDU set. 
Proposal 2.	The decision on whether to discard a PDU associated with a PDU set can be made independently from other PDUs in the same PDU set.
PDU discard on UL
PDU discard criteria
One of the discard criteria is delay deadline. But in our view, none of the currently defined delay budgets is suitable for that. The current SA2 spec defines both end-to-end packet delay budget (PDB) and PDB for 5G RAN for a QoS flow, as follows:
· The End-to-end PDB is specified in the spec for a 5QI;
· The 5G-AN_PDB is the end-to-end PDB subtracted by a static value of, e.g., 1, 2, 5, 10, 20ms. This static value covers the delay between N6 terminating points of UPF and 5G-AN. Therefore, 5G-AN_PDB covers the delay through gNB, air interface, and UE’s layer-2 procedures. 
Since it is not possible for a UE to know the amount of delay through gNB, the 5G-AN_PDB as currently defined cannot be used as a deadline by UE in its layer-two procedures. 
Observation 3.	On uplink, UE needs to have a deadline defined for PDU discard. The 5g-AN_PDB defined in the current SA2 spec cannot be used for the purpose.
We think network can configure a per-DRB delay budget (denoted UE_PDB) for PDU discard on UL.  It is in fact a component of the existing end-to-end PDB that has not been specified today but needed by UE in its handling of XR data. 
This UE_PDB can be defined as an upper-bound for the delay from the time when UE first receives a PDU from application to the time when UE receives a positive RLC status report for the PDU in case of an AM DRB or when UE completes the HARQ process for the PDU in case of an UM DRB.
On uplink, application typically deliver PDUs in a PDU Set to UE at the same time. Even if there is jitter in application’s codec, the jitter tend to be insignificant compared to the end-to-end delay budget of XR flows. Therefore, we think this delay budget can be defined for each individual PDU, regardless of whether it is associated with a PDU Set or not. 
Proposal 3.	Network can configure a per-DRB delay budget for PDU discard on uplink. 
From UE’s perspective, it may be beneficial not to transmit PDU which has met the discard criteria on uplink, because that would help UE avoid unnecessary UL transmission and thus save power. From network’s perspective, when there is congestion on UL or a reduction in available UL throughput due to degraded channel quality, discarding obsolete PDUs can help avoid wasting UL radio resources. 
Observation 4a.	On uplink, not transmitting a PDU which has met the discard criteria can help avoid wasting UL radio resources and save UE power.
On the other hand, SA4 have clarified that any packet losses in video generally result in degradation of the user-perceived quality of experience [1]. Network should minimize video packet losses as much as possible. What this implies for PDU discard is that network should try to deliver as many PDUs as possible, regardless of whether they are obsolete or not, to maximize QoE for a XR service.
Observation 4b.	On the other hand, SA4 have clarified that network should minimize video packet losses as much as possible to maximize QoE for a XR service.
With these two contradicting requirements, we think a flexible option can be to leave this decision to network configuration. For instance, network should schedule UE to transmit every PDU, including obsolete ones, as long as its capacity permits. When a cell’s UL capacity or UL loading is not able to support the transmission of all PDUs, network can indicate to UE to discard obsolete PDUs.  
Proposal 4.	On uplink, network configures UE whether it should discard or transmit a PDU which has met the discard criteria.
Impact of UL PDU discard on L2 procedures
It is possible that not every MAC sub-PDU in a MAC PDU has met the discard criteria. In those cases, it is desirable not to discard the TB to cause unnecessary packet loss. 
Proposal 5.	If an uplink MAC PDU contains at least one MAC sub-PDU which has not met the discard criteria, then the MAC PDU is not subject to discard.
Otherwise, i.e. all MAC sub-PDUs in a MAC PDU have met the discard criteria, then the MAC PDU can be subject to discard, based on network configuration (Proposal 3).  
If a MAC PDU is to be discarded, it is wasteful for both network and UE to continue its HARQ retransmission. Since NR uses async HARQ without a configured maximum number of retransmissions, UE needs a method to inform network to terminate the associated HARQ process. We think upper-layer enhancements can be introduced to support this indication. For example, if a MAC PDU is discarded, UE can skip subsequent retransmission UL grants for the MAC PDU, and network can learn from the skipped retransmission by UE that a MAC PDU has been discarded.
Proposal 6.	RAN2 study MAC-layer enhancement for UE to inform RAN of a discarded MAC PDU.
On uplink, if UE, as a transmitter, discards a UL RLC PDU or segment, that will create a gap in the RLC sequence number. This gap can cause stall in the ARQ window operation and unnecessary expiry of RLC timers. Therefore, it is desirable for UE to send an indication to inform RAN of the discarded PDUs. 
[bookmark: _Hlk114998690]Similarly, if RAN, as a receiver, discards a UL RLC PDU, it is desirable for RAN to send an indication, e.g. in an enhanced RLC status report, to inform UE of the discarded PDUs. That can help UE avoid unnecessary retransmissions. 
Proposal 7.	RAN2 study enhancement to the RLC procedure when a uplink RLC PDU is discarded by either UE or RAN.
PDU discard on DL
PDU discard criteria
On downlink, once a PDU or PDU set is received by UE, it is held in a playout buffer until it should be processed for display. Therefore, application client has full knowledge of when the delivery deadline for a PDU or PDU set is. If UE and application client are on the same device, which typically is the case, it is fairly easy for UE to get delivery deadline for each PDU or PDU set (e.g. via cross-layer indication). Therefore, there is no need for network to provide any additional delay budget or deadline information to UE.
Observation 8.	On downlink, UE can obtain delivery deadline for each PDU or PDU set from application client. No additional delay budget or deadline needs to be configured or signalled for UE’s handling of PDUs or PDU sets.
As mentioned earlier, SA4 have clarified that any packet losses in video generally result in degradation of the user-perceived quality of experience. Network should minimize video packet losses as much as possible. Therefore, even 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. 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, 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 even if it meets the discard criteria. 
Proposal 8.	On downlink, if a PDU in UE’s layer-two buffer has met the discard criteria, it is up to UE implementation whether to discard or deliver the PDU to the application.
Impact of PDU discard on L2 procedure
On downlink, when a MAC PDU is in HARQ procedure, UE has no knowledge of what data is in the MAC PDU and thus is not able to determine whether the PDU has met the discard criteria or not. Therefore, no MAC PDU can be discarded on downlink.
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On downlink, if UE, as a receiver, discards a RLC PDU, it is desirable for UE to send an indication, e.g. in an enhanced RLC status report, to inform RAN of the discarded PDUs. That can help UE avoid unnecessary retransmissions.
If RAN, as a transmitter, discards a RLC PDU or segment, that will create a gap in the RLC sequence number. This gap can cause stall in the ARQ window operation and unnecessary expiry of RLC timers. Therefore, it is desirable for RAN to send an indication to inform UE of the discarded PDUs.
Proposal 10.	RAN2 study enhancement to the RLC procedure when a downlink RLC PDU is discarded by either UE or RAN.

Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
General criteria for PDU discard
Proposal 1. 	A PDU is subject to discard if it has missed its deadline or the content criteria of its associated PDU set can no longer be met or have already been met.
Proposal 2.	The decision on whether to discard a PDU associated with a PDU set can be made independently from other PDUs in the same PDU set.

PDU discard on UL
Observation 3.	On uplink, UE needs to have a deadline defined for PDU discard. The 5g-AN_PDB defined in the current SA2 spec cannot be used for the purpose.
Proposal 3.	Network can configure a per-DRB delay budget for PDU discard on uplink. 
Observation 4a.	On uplink, not transmitting a PDU which has met the discard criteria can help avoid wasting UL radio resources and save UE power.
Observation 4b.	On the other hand, SA4 have clarified that network should minimize video packet losses as much as possible to maximize QoE for a XR service.
Proposal 4.	On uplink, network configures UE whether it should discard or transmit a PDU which has met the discard criteria.
Proposal 5.	If an uplink MAC PDU contains at least one MAC sub-PDU which has not met the discard criteria, then the MAC PDU is not subject to discard.
Proposal 6.	RAN2 study MAC-layer enhancement for UE to inform RAN of a discarded MAC PDU.
Proposal 7.		RAN2 study enhancement to the RLC procedure when a uplink RLC PDU is discarded by either UE or RAN.

PDU discard on DL
Observation 8.	On downlink, UE can obtain delivery deadline for each PDU or PDU set from application client. No additional delay budget or deadline needs to be configured or signalled for UE’s handling of PDUs or PDU sets.
Proposal 8.	On downlink, if a PDU in UE’s layer-two buffer has met the discard criteria, it is up to UE implementation whether to discard or deliver the PDU to the application.
Proposal 9.	No downlink MAC PDUs should be discarded by UE. 
Proposal 10.	RAN2 study enhancement to the RLC procedure when a downlink RLC PDU is discarded by either UE or RAN.
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