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1. Introduction
In the latest XR WID approved in RANP#99 Meeting [1], following objectives on PDU discard are included:
	-
Discard operation of PDU Sets for DL and UL (RAN2, RAN3);


In this contribution, we will discuss on how to handle PDU discarding of XR traffic, e.g. how to achieve PDU-set based discard in PDCP layer for UL and DL (e.g. do we use discard timer or have another way to achieve the discard) and whether that can have impact to RLC layer, and the impact of PSI and PSIHI for PDU discard at UE and what (if anything) needs to be specified in RAN2.
2. Discussion

In the air interface, packet discarding is mainly controlled by PDCP layer, e.g. when the discardTimer expires for a PDCP SDU, the PDCP SDU and the corresponding PDCP Data PDU will be discarded by PDCP layer, as well as RLC layer. However, if the corresponding RLC SDU or a segment thereof has been submitted to the lower layers, the RLC SDU will not be discarded in actual, as specified in RLC specification. 

In DL, PDCP SDU discard is performed by network implementation with the same mechanism.
2.1. PDU set discard timer
For XR service, a new ‘PDU-Set’ concept was introduced for XR traffic in SA2 [2]. With the definition of PDU Set, SA2 concluded that:
· PDU-Set level QoS parameters were introduced to support PDU Set handling, including:

· PDU Set Error Rate (PSER)
· PDU Set Delay Budget (PSDB)
· Whether all PDUs are needed for the usage of PDU Set by the application layer (PDU Set Integrated Indication)
· New information associated with PDU-Set was also introduced, including:

· PDU Set Sequence number (SN)
· End PDU of the PDU Set
· PDU SN within a PDU Set
· PDU Set Size in bytes
· PDU Set Importance
The PSDB above represents the QoS requirements of a PDU set, which means the corresponding PDU set should be transmitted within this delay budget. Otherwise, the PDU set may not be needed or not be useful for the display at the destination side. 

For example, if a PDU belonging to a PDU set has exceeded the corresponding PSDB or PDB, it may be meaningless to transmit any remaining data of the packet, since the transmission does not contribute to user experience, while resources would be also consumed unnecessarily at the same time. The packet probably cannot be transmitted successfully within a very short duration. In this way, the PDU set could be discarded to improve the efficiency of resource utilization and improve capacity performance consequently. 
During the discussion in SI phase, it was agreed that in the RAN2#120 meeting:

	· RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modeled in PDCP specification, can be discussed in WI phase.


With these XR characteristics, the existing PDCP SDU discards scheme could be reused. In this scheme, discardTimer in the PDCP layer could be configured according to PSDB. In the case of the PDU set, PSDB could be used to determine the discard time for the whole PDU set. In case PSDB is not applicable, discard timer could be configured based on PDB as legacy. 
Proposal 1: The existing PDCP SDU discarding mechanism could be reused for PDU set discard by configuring proper PDCP discardTimer according to PSDB, if configured, i.e. no new discardTimer for PDU set is needed. 
There are two main models for configuring the discard timer for a PDU set. Specifically,
Alt1: one discardTimer for one PDU set. 

· The timer starts when the first PDU in PDU set is received. The timer length should be long enough to cover all PDUs of this PDU set.
· If the transmission of the PDU set exceeds the discardTimer of this PDU set, then, the corresponding PDU set should be discarded.

Alt2: one discardTimer for each PDCP SDU of a PDU set as the legacy
· The timer starts when each PDCP SDU is received. 

· If the discard timer of a PDCP SDU expires, then, the corresponding PDCP SDU should be discarded. 
The main difference between Alt1 and Alt2 is whether the discard timer is used per PDU set or per PDU SDU of the PDU set. If the XR application and UE are co-located, it can be assumed the PDCP SDUs of a PDU set arrive at the AS layer (almost) at the same time. Under such use cases, Alt1 and Alt2 are essentially the same, i.e., the PDCP SDU(s) of a PDU set should be discarded when the discard timer expires. If the XR application and UE are located on different physical devices, the PDCP SDU(s) of a PDU set will arrive at the AS layer at different times. If the time difference between the arrival of the first PDCP SDU of the PDU set and the last PDCP SDU of the PDU set is small, the discard timer of each PDCP SDU will expire at the approximate time. Under this use case, there is not much difference between Alt1 and Alt 2. If the time difference between the arrival of the first PDCP SDU of the PDU set and the last PDCP SDU of the PDU set is large, for Alt 2, the transmission time of the last PDCP SDU of the PDU set may exceed the delay budget over Uu interface as the corresponding discard timer is started late. However, this issue can be avoided by configuring a suitable time value based on the PSDB. Considering that the Alt2 is a legacy mechanism that can apply to all the use cases mentioned above, the discard timer can be maintained per PDCP SDU of a PDU set. As in legacy, when the SDU transmission exceeds the discardTimer, the corresponding PDCP SDU should be discarded.
During the discussion in the SI phase, it was also agreed that in RAN2#119bis-e meeting. The discardTimer is maintained per PDCP SDU of a PDU set.
	· For the UE transmitter, the PDCP discard should be performed per PDU set basis. 

· For the UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.


Proposal 2: The existing discardTimer corresponding to each PDCP SDU of the PDU set is reused, i.e. when the SDU transmission exceeds the discardTimer, the corresponding PDCP SDU should be discarded. 
As mentioned above, it is up to gNB implementation to determine the value of discardTimer for each PDU set of PDU set according to the PSDB. 
Proposal 3: It is up to gNB to configure the value of discardTimer for each PDCP SDU of PDU set.  FFS values of discardTimer.
2.2. Discard based on PSIHI (PDU-Set Integrated Handling Indication)
At the same time, according to the PDU set model introduced in SA2, there is a dependency between PDUs in one PDU set, as a PDU set is one unit of information at the application level and all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. To keep the integrity of the PDU set, all PDUs in one PDU set should be transmitted successfully. Despite in some cases, the application layer can still recover parts of the information unit when some PDUs are missing, the PDU set still may not be recovered if the number of missing PDUs is larger than the limitation for PDU set decoding. In this way, the approximate integrity of the PDU set is still needed.

To keep the integrity of the PDU set, when one PDU has not been successfully transmitted, e.g. residual transmission failure, not received from high layer, or discarded due to exceeding the PDB, etc., the rest of PDUs in the same PDU set is not needed, irrespective of whether it has been transmitted or not. This was captured in the TR [4] as below:

	When the PSIHI is set for a QoS flow, as soon as one PDU of a PDU set is known to be lost, the remaining PDUs of that PDU Set can be considered as no longer needed by the application and may be subject to discard operation (see subclause 5.3.2).


In this case, the rest of the PDUs in the same PDU set should be discarded accordingly to save the resource. Otherwise, the wireless resource would be wasted to transmit the useless PDU(s).
For example, if a PDU belonging to a video frame, is failed to be transmitted, the video frame or the corresponding PDU set may not be decoded correctly anymore. Then, the rest of the PDUs belonging to the same video frame or PDU set pending to be transmitted could be discarded. 

In DL, packet discarding at the gNB side can be up to gNB implementation. In UL, packet discarding at the UE side should be specified clearly in PDCP specification to define UE behavior. 
Proposal 4: If PSIHI is indicated, when one SDU associated with a PDU set has not been successfully transmitted, the rest of this PDU set should be discarded. 

In the LS from SA2 [3], it is mentioned that:

	Based on the conclusion from the FS_XRM study (See TR 23.700-60), SA2 agreed to define new 5G QoS parameters for PDU Set concept. The PDU Set comprises of one or more PDUs for which the following PDU Set QoS parameters are applicable: 

· PDU Set Delay Budget (PSDB)

· PDU Set Error Rate (PSER)

· PDU Set Integrated handling Indication (PSIHI)

SA2 also agrees to define PDU Set importance that is conveyed on per-PDU Set basis.  All the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI.  The PDU Set importance of the different PDU Sets within one QoS flow can be different.  


It can be found that the PSIHI is per QoS flow. Besides, according to the latest SA2 conclusion [2], the PDU Set Integrated Handling Indication is provided via the control plane. RAN could accordingly perform PDU Set based QoS handling based on received PDU Set QoS Parameters via the control plane.
Proposal 5: Whether need to keep the integrity of the PDU set (i.e. PSIHI) is per QoS flow indicated from CN to RAN via the control plane, e.g. from AMF by NAS signaling.
2.3. Discard based on PSI (PDU Set Importance)
During the discussion in SI phase, it was agreed that in RAN2#121 meeting:

	· 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.


In case congestion occurs, PDU set with lower importance (PSI) could be discarded. For DL, congestion is detected by network. Then, PDU set discard based on PSI can be left to network implementation. However, for UL, how to detect UL congestion and what is the criteria of UL congestion is still not clear. It could detected by network and informed to UE, or detected by UE. RAN2/RAN3 should further discuss how to determine the congestion, especially at UE side. 
Proposal 6: In case congestion occurs, PDU set with lower importance (PSI) could be discarded. FFS how to determine the congestion.
In SA2 conclusion in [2], the PSI is provided to RAN by UPF via user plane. However, for UL, how to provide the PSI to AS is not mentioned. Currently, the PSI for UL cannot be provided from RAN or CN. From RAN2perspective, it can be assumed that AS obtains the PSI for UL from upper layer (e.g., application layer generates importance indication, and transfer to AS layer) at UE side. This kind of intra-UE interaction can be left to UE implementation.
	8.4.2
User plane enhancements for supporting PDU Set in downlink

8.4.2.1
PDU Set Information

The following PDU Set related information are identified by UPF to support PDU Set based handling:

-
PDU Set Sequence Number.

-
End PDU of the PDU Set.

-
PDU SN within a PDU Set.

-
PDU Set Size in bytes.

NOTE 1:
The PDU Set Size is pending SA WG4 progress on SA WG4 5G_RTP WI. It is up to an application to decide whether to send PDU Set Size in bytes or not.

-
PDU Set Importance: This parameter is used to identify the importance of a PDU Set within a QoS flow. RAN may use it for PDU Set level packet discarding in presence of congestion.


Proposal 7: PDU set importance (i.e. PSI) is indicated from upper layer at UE side (e.g. by UE implementation)
2.4. Discard notification to the receiver 
In the legacy mechanism as below, PDCP shall minimize the SN gap after SDU discard to avoid unnecessary re-ordering time. Firstly, SDU discard does not need to be frequently performed for the legacy service. Secondly, as RLC will not discard a packet that has been transmitted via the air interface, unnecessary re-ordering time caused by SDU discard at the transmitter is not a big issue. However, for XR service, SDU discard will frequently occur due to congestion control/the handling of PDU set integration. To save the radio resource, the SDUs which has been transmitted over the air interface also need to be discarded. Under this case, the unnecessary re-ordering time caused by SDU discard at the transmitter cannot be ignored. Otherwise, an additional delay will be introduced for delivering packets to the upper layer at the receiver, which will significantly impact the UE experience. To avoid this issue, the transmitter should inform the receiver of the SDU discard to accelerate the update of receiving window.
	TS 38.323
NOTE:
Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.


For DL, if in-sequence delivery is configured to UE, the receiver at the UE side should obtain the DL PDU set discard information from network to promote the update of receiving window. If out-of-order delivery is configured to UE, such information is not needed.
Proposal 8: If in-sequence delivery is configured, the transmitter should inform the receiver of the DL PDU set discard information.
For UL, it is up to network implementation to apply in-sequence delivery or not. If in-sequence delivery is applied at gNB, RAN can configure UE to report PDU set discard information.
Proposal 9: If UE is configured to report PDU set discard information, the UE will inform gNB UL PDU set discard information.
PDU set discard information should be provided to the receiver in time. Otherwise, there is no need to provide such information as the re-ordering timer may have expired during the time waiting for such information. Thus, it is straightforward that transmitter informs the receiver of the discarded information when there is PDU set discard.
Proposal 10: Transmitter informs the receiver of discard information when there is PDU set discard.
3. Conclusion

In this contribution, we discuss PDU set discard from the RAN2 perspective. Based on the discussion, we have the following proposals:
Proposal 1: The existing PDCP SDU discarding mechanism could be reused for PDU set discard by configuring proper PDCP discardTimer according to PSDB, if configured, i.e. no new discardTimer for PDU set is needed. 
Proposal 2: The existing discardTimer corresponding to each PDCP SDU of the PDU set is reused, i.e. when the SDU transmission exceeds the discardTimer, the corresponding PDCP SDU should be discarded. 
Proposal 3: It is up to gNB to configure the value of discardTimer for each PDCP SDU of PDU set.  FFS values of discardTimer.
Proposal 4: If PSIHI is indicated, when one SDU associated with a PDU set has not been successfully transmitted, the rest of this PDU set should be discarded. 

Proposal 5: Whether need to keep the integrity of the PDU set (i.e. PSIHI) is per QoS flow indicated from CN to RAN via the control plane, e.g. from AMF by NAS signaling.
Proposal 6: In case congestion occurs, PDU set with lower importance (PSI) could be discarded. FFS how to determine the congestion.
Proposal 7: PDU set importance (i.e. PSI) is indicated from upper layer at UE side (e.g. by UE implementation).
Proposal 8: If in-sequence delivery is configured, the transmitter should inform the receiver of the DL PDU set discard information.
Proposal 9: If UE is configured to report PDU set discard information, the UE will inform gNB UL PDU set discard information.
Proposal 10: Transmitter informs the receiver of discard information when there is PDU set discard.
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