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It has been agreed in SI phase to support/consider following enhancements on discard operation:

· Integrated per PDU-set discard based on PSIHI indication
· PDU discard based on PSI information at presence of congestion

Furthermore, In RAN2#121bis-e meeting, RAN2 confirm to reuse the existing PDCP discarding modelling. In this document, we discuss details of these two enhancements including how to model/trigger it. We also share our initial views on lower layer discard operation which has been proposed by companies.
Discussion
Integrated per PDU-set discard
SA2 has agreed to introduce a new PDU set QoS parameter PSIHI, the definition is as following. 
   
PDU Set Integrated Handling Indication (PSIHI): indicates whether all PDUs of the PDU Set are needed for the usage of PDU Set by application layer.

SMF will send this information to RAN via control plane signalling. All the PDU Sets within one QoS flow should apply the same PSIHI. Assume this parameter is applicable to both downlink and uplink or there is one PSIHI indication for each direction. 

In term of PDU discarding function, integrated handling would mean all PDUs of a PDU set should be discarded once one of them meets discard criteria. On the other hand, if PSIHI is not provided, the legacy timer-based per PDU discard should be used. 

In another word, integrated per PDU set discarding should be configurable. When PSIHI is received, per PDU set discarding is configured, otherwise per PDU discarding is enough.

Integrated PDU-set discarding could be enabled or disabled by network (based on PSIHI indication). 
 

Relevant agreement made in RAN2#121 meeting indicates that we cannot assume the jitter is negligible or same among all packets due to the possible wireless connection between XR device and UE and RAN2#121bis-e, we agree further to reuse the existing PDCP discarding timer for uplink, i.e., run timer per PDCP SDU:

	· RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 
· RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.
· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.




So to achieve integrated PDU-set discarding, we propose: 

When integrated PDU-set discarding is enabled: expires discard timers of all PDUs of a PDU set once one of them’s expires.

In addition to the above timer-based PDU set discarding, a PDU loss can also be used to trigger the integrated the whole PDU-set discard. For performing integrated per PDU-set discard triggered by a PDU loss, it is expected to inform the transmitting PDCP entity once PDU lost is detected in the receiving PDCP entity.
Currently, when 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. The first missing count (FMC) field which indicates the COUNT value of the first missing SDU within the reordering window may be reused for identify the PDU lost. However, the legacy PDCP status report is triggered by the receiving PDCP entity when
· upper layer requests a PDCP entity re-establishment; or
· upper layer requests a PDCP data recovery; or
· upper layer requests a uplink data switching; or
· upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331
We suggest RAN2 to discuss whether enhancement of PDCP status report mechanism (for example, triggers at the receiving PDCP entity) is needed.

Discuss whether enhancement of PDCP status report mechanism is needed for performing integrated per PDU-set discard triggered by a PDU loss. 
PDU discard based on PSI info at presence of congestion
SA2 also discuss the parameter PDU set importance. 

PDU Set Importance (PSI): identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow. RAN may use it for PDU Set level packet discarding in presence of congestion.

UPF will send this information to RAN with in-band signaling via GTP-U header, different PDU set may be marked with different importance level.

It was also proposed and discussed in past meetings that in presence of congestion, less important PDU sets could be discarded to make the radio resource available for more important PDU sets transmission. 

The relevant agreement made in RAN2#121 meeting:
	· Introduce UL PDU Set Importance. How UE derives this will be handled in UE implementation.
· 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. FFS for other cases.



there are two aspects of congestion-based PDU set discard operation, one is congestion detection and the follow-up discarding configuration/ activation, another aspect is the discard operation in UE side: 

Network-triggered PDU discarding
In RAN2 #120 meeting, a Reply LS [3] from RAN2 confirmed that it is feasible for RAN to estimate the congestion information per-QoS flow and per-DRB in downlink and uplink directions. Since the congestion levels may dynamically change over time and only the network has a comprehensive understanding of the overall network congestion situation, an alternative of network-triggered packet discarding can be considered. The network can decide whether to activate/deactivate importance-based packet discarding (e.g., via MAC CE or PDCP Control PDU) and may indicate UE the number or the ratios of packets to be discarded based on the congestion level. In addition, the network can select some UEs to perform importance-based discarding, which will ensure that the uplink transmission of other UEs is not discarded. 

Network may configure and further activate/de-activate importance-based PDU discard(e.g., via MAC CE or PDCP Control PDU).


UE-side PDU discarding

When PSI-based PDU discard at congestion presence is activated, discard operation at UE side could have different ways: 
1. Always discard buffered less important PDU set. But NW has to deactivate it as soon as the congestion disappears. This on/off mechanism is less adaptive to the congestion level change
2. Discard buffered less important PDU set when more important PDU set arrival. It is not sure why the discard operation should rely on the higher important PDU set arrival. Otherwise this is similar to 1), 
3. Configure different timer length for PDU set with different PSI. Specifically, less important the PDU set is , shorter the discard timer will be configured. This would be more adaptive to the congestion level. At presence of heavy congestion, all PDUs tend to be buffered much longer. Less and even medium important PDU sets will be potentially discarded. At the presence of light congestion, all PDUs tend to be buffered but may not be very long, then less or even no PDU will be discarded. Moreover, SA4 mentioned that some PDU sets may still be useful even though it has been delayed more than its PDB, This also means longer discard timer can be configured for these importance PDU sets. Beside if the discard time of less important PDU-set is set to 0, it will be equal to 1)
4. Discard less important PDU set when the buffer size exceed a threshold. It request further clarification whether all less important PDU set will be discard, or UE will discard PDUs till the buffer size become below the threshold. Similar to 3) this option is adaptive to congestion level, only when the congestion reach to a point so that buffer size exceeds the configured threshold, PDU discard will be triggered, and potentially, heavier the congestion is , more PDUs will be discard. between 3) and 4), we prefer 3), which have less specification effort


PDU Sets with different PSI can be configured with different PDCP discard timer length.

Discard execution in Lower layer
Discarding will not actual happen if the discard indication is received after the packets has been sent to lower layer for transmission, as specified in RLC and copy here: 

	5.4	 SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC 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 transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.



There is a desire to make the discarding actually happen, i.e., RLC layer stop ARQ, and MAC layer stop HARQ for the packets receiving discard indication from PDCP layer. This will introduce a lot of changes, especially how to stop HARQ retransmissions, how to handle the RLC SN gap. So it should be justified by enough scenarios (i.e., discard indications after packet being transmitted happens more often) and enough gain(save a lot of radio resource by doing so).

We believe discard indications will increase but may not be a lot more based on following reasons:

· With integrated per PDU-set discarding based on PSIHI, if one PDU has been submitted to lower layer for transmission and its discard timer expires, likely all other PDUs in the same set has been submitted to lower layer too, vice versa. So integrated per PDU-set discarding will increase PDU discard indication

· With congestion-based less important PDU set discarding, if we aim to discard the PDU sets which has not been submitted to lower layer for transmission. This will not increase discard indication to lower layer.


The gain will come if: 
· The retransmission can be withdrawn i.e., no other data without discard indication included in the TB 
· The radio resource for retransmission can be saved for other UE/transmission. 

Considering all above analysis, we should be very cautious to introduce lower layer discarding in our view

Enhancement on lower layer discard execution should be justified by enough gain and should not be too complicate.

Summary
[bookmark: OLE_LINK3]This contribution provided our initial proposals on PDU set level discard, we have proposals as follows:

Regarding integrated per PDU-set discarding:
1. Integrated PDU-set discarding could be enabled or disabled by network (based on PSIHI indication). 
When integrated PDU-set discarding is enabled: expires discard timers of all PDUs of a PDU set once one of them’s expires.
Discuss whether enhancement of PDCP status report mechanism is needed for performing integrated per PDU-set discard triggered by a PDU loss.

Regarding less important PDU sets discarding:
1. Network may configure and further activate/de-activate importance-based PDU discard(e.g., via MAC CE or PDCP Control PDU).
1. PDU Sets with different PSI can be configured with different PDCP discard timer length.

Regarding lower layer discard execution enhancement:

1. Enhancement on lower layer discard execution should be justified by enough gain and should not be too complicate.
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