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1. Introduction
In past RAN2 meetings, PDU discarding was discussed with the below conclusions:

In RAN2#119bis-e meeting, it was agreed that:

	· For UE transmitter, the PDCP discard should be performed per PDU set basis. 

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


In RAN2#120 meeting, it was agreed that:
	· 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 this contribution, we will discuss on the impact of PDU set integrated information (PSII) for PDU discard and whether RAN2 impacts are needed for PDU discard.  
2. Discussion

2.1. Background

During Rel-17 XR SI, the following agreement was achieved in RAN1. In this regard, XR traffic is more probably carried by GBR QoS Flows using the delay-critical resource type, for which a packet delayed more than PDB is counted as lost if the data burst is not exceeding the MDBV within the period of PDB and the QoS Flow is not exceeding the GFBR, as specified in [1].


[image: image1]
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 related data 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. 

2.2. PDU/PDU set discard timer

For XR service, according to SA2 discussion in TR [2], a new ‘PDU-Set’ concept was introduced for XR traffic, which is defined as below: 
‘A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services), which are of same importance at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.’

With the definition of PDU Set, 

· PDU-Set level QoS parameters were introduced, including:

· PDU Set Error Rate (PSER)
· PDU Set Delay Budget (PSDB)
· Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication)
· New information associated with PDU-Set were 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
Additionally, application layer attributes specifically refer to burst periodicity, burst arrival time, jitter and etc.

The PDB/PSDB above represent the QoS requirements of PDU(s) or PDU set(s), which means the corresponding PDU(s) or PDU set(s) should be transmitted within this delay budget. Otherwise, the PDU(s) or PDU set(s) may not be needed or not be useful for the display at destination side. 

For example, if a PDU set or PDU 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 or PDU could be discarded to improve the efficiency of resource utilization, and improve the capacity performance consequently. 
In RAN2#120 meeting, it was agreed that 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.
With these XR characteristics, existing PDCP SDU discards scheme could be reused. In this scheme, discardTimer in PDCP layer could be configured according to PDB/PSDB. In case of PDU set, PSDB could be used to determine the discardTime for the whole PDU set; while in case of PDU, PDB could be used to determine the discardTimer for each PDU. How to configure this discardTimer for SDU could be discussed in WI.
Proposal 1: The existing PDCP SDU discarding mechanism could be reused for PDU/PDU set discard by configuring proper PDCP discardTimer according to PDB/PSDB, i.e. no new discardTimer for PDU set is needed. Details could be discussed in WI phase.
2.3. PDU discard based on PSII
At the same time, according to the PDU set model introduced in SA2, there is 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. In order to keep the integrity of 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 PDU set is still needed.

In order to keep the integrity or approximate integrity of PDU set, when one PDU (or a number of PDU(s)) 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 [3] as below:

	When a certain number of PDUs of a PDU set are known to be required by the application layer to use the corresponding unit of information (for instance due to the absence or limitations of error concealment techniques, see TR 26.926 [6]), as soon as the number of PDUs known to be lost exceeds this number, the remaining PDUs of that PDU set are no longer needed by the application and may be subject to discard operation (see subclause 5.3.2).


In this case, the rest of 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 (or a number of PDU(s)) belonging to a video frame, is failed to be transmitted, the video frame or the corresponding PDU set may not be decoded correctly any more. Then, the rest of PDUs belonging to the same video frame or PDU set pending to be transmitted could be discarded. 

In DL, packet discarding at gNB side can be up to gNB implementation. In UL, packet discarding at UE side should be specified clearly in PDCP specification to define UE behaviour. 
As discussed in SA2/SA4, in some cases, PDU set integrity should be guaranteed, while it is not needed for some other cases. Thus, such integrity information could be provided from server to CN to RAN node. Anyway, the details, e.g. what indication or how to provide such indication, could be discussed in WI phase. 
Proposal 2: In order to keep the integrity or approximate integrity of PDU set (PSII), when one SDU (or a number of SDU(s)) associated with PDU(s) of a PDU set has not been successfully transmitted, the rest of PDU(s) in this PDU set could be discarded. Details could be discussed in WI phase.
2.4. PDU set discard 

The same mechanism as discarding based on PSII could be also applied to the PDU set, considering there may be dependency between PDU sets in GoP. But the discussion on the dependency between PDU sets in SA2 is somehow controversial. Thus, RAN2 could discuss whether there is needed to consider the dependency between PDU sets.
Proposal 3: RAN2 to discuss whether to consider the dependency between PDU sets for PDU discard, i.e. when one PDU set (or a number of PDU set(s)) has not been successfully transmitted, the rest of PDU set(s), e.g. in a GoP, could be discarded. 

Besides, in the latest LS from SA2 [4], 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 could be found that the PDU Set importance of the different PDU Sets within one QoS flow can be different. In SA2 TR [2], it has been agreed that the importance information could be provided to RAN as below. SA2 think this information may be used for PDU set level packet discarding in presence of congestion. 
	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.


Similarly, this kind of information could be also provided from application layer to AS layer at the UE side. When the presence of congestion, UE could drop the packets with lower importance which has lower priority. 
Proposal 4: RAN2 to discuss whether to consider the importance of PDU set(s) for PDU set discard, i.e. when presence of congestion, the PDU set(s) with lower importance could be discarded. 

2.5. PDU loss impact
In the TR [3], it now seems to say that the PDCP discard operation in uplink not only includes the timer-based discard, but also involves the case of a PDU loss due to unsuccessful transmission over the air interface. 
	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, when, for a PDU Set, the number of PDUs known to either be lost or associated to discarded SDUs, exceeds a threshold (see subclause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.

Editor's Note: the latest SA2 agreements on PSII need to be taken into account to update the description of discard operation.


One may wonder how the UE can judge whether a PDU is lost due to unsuccessful transmission (e.g. via RLC ACK/NACK, HARQ retransmission scheduling, etc.). Although PDCP discard is already one of the WI objectives [5], before diving into such details, RAN2 may need to first confirm whether this case to consider the PDU loss due to unsuccessful transmission is also within the scope of the objective, because this decision would lead to obvious impacts on how the detailed the PDCP discard enhancements should be eventually designed.  Therefore, we propose RAN2 to make further clarifications on the scope of PDCP discard in the normative phase: 
Proposal 5: RAN2 to discuss whether for uplink the discard of a PDU within a PDU set also includes the PDU loss due to unsuccessful retransmission over air interface. 

2.6. XR traffic characterizes
For PDU/PDU set discard discussed above, the corresponding XR traffic characterizes (e.g., PDB, PSDB, dependency) should be provided to gNB from 5GC. 
Proposal 6: The XR traffic characteristics (e.g., PDB, PSDB, dependency) could be provided from 5GC to gNB to aid PDU/PDU set discard. 

Anyway, the above mechanism highly depends on the discussion in SA2/SA4, e.g. whether /how the dependency between PDUs or PDU sets exists, and whether the PDU/PDU set exceeding PDB/PSDB could be discarded. Thus, the final decision should be confirmed with SA2/SA4. A corresponding LS should be sent to SA2/SA4 to confirm the above aspects. 
Proposal 7: RAN2 to send an LS to SA2/SA4 to inquire whether the below understanding is correct:

· In order to keep the integrity or approximate integrity of PDU set, when one SDU (or a number of SDU(s)) associated with PDU(s) of a PDU set has not been successfully transmitted, whether the rest of PDU(s) in this PDU set could be discarded.

· Whether the dependency between PDU sets exists, i.e. when one PDU set (or a number of PDU set(s)) has not been successfully transmitted, whether the rest of PDU set(s), e.g. in a GoP, could be discarded.
3. Conclusion

In this contribution, we discuss the PDU discard for XR awareness. Based on the discussion, we have the following proposals:
Proposal 1: The existing PDCP SDU discarding mechanism could be reused for PDU/PDU set discard by configuring proper PDCP discardTimer according to PDB/PSDB, i.e. no new discardTimer for PDU set is needed. Details could be discussed in WI phase.
Proposal 2: In order to keep the integrity or approximate integrity of PDU set (PSII), when one SDU (or a number of SDU(s)) associated with PDU(s) of a PDU set has not been successfully transmitted, the rest of PDU(s) in this PDU set could be discarded. Details could be discussed in WI phase.
Proposal 3: RAN2 to discuss whether to consider the dependency between PDU sets for PDU discard, i.e. when one PDU set (or a number of PDU set(s)) has not been successfully transmitted, the rest of PDU set(s), e.g. in a GoP, could be discarded. 

Proposal 4: RAN2 to discuss whether to consider the importance of PDU set(s) for PDU set discard, i.e. when presence of congestion, the PDU set(s) with lower importance could be discarded. 

Proposal 5: RAN2 to discuss whether for uplink the discard of a PDU within a PDU set also includes the PDU loss due to unsuccessful retransmission over air interface. 

Proposal 6: The XR traffic characteristics (e.g., PDB, PSDB, dependency) could be provided from 5GC to gNB to aid PDU/PDU set discard. 

Proposal 7: RAN2 to send an LS to SA2/SA4 to inquire whether the below understanding is correct:

· In order to keep the integrity or approximate integrity of PDU set, when one SDU (or a number of SDU(s)) associated with PDU(s) of a PDU set has not been successfully transmitted, whether the rest of PDU(s) in this PDU set could be discarded.

· Whether the dependency between PDU sets exists, i.e. when one PDU set (or a number of PDU set(s)) has not been successfully transmitted, whether the rest of PDU set(s), e.g. in a GoP, could be discarded.
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Agreement:


For XR/CG capacity evaluation, a packet is considered as lost when it has exceeded the PDB, such that it will be added to the PER and the data of the packet is discarded.


It is up to company to report the details for the packet when it has exceeded the PDB, e.g.


Option 1: The packet exceeding the delay is still delivered to the other side


Option 2: The packet (including the non-transmitted part) is discarded at the transmitter (at the gNB for DL packets and at the UE for UL packets)


Other options are not precluded


Note: This is for the purpose of evaluation











