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[bookmark: _Ref488331639][bookmark: _Ref178064866][bookmark: _GoBack]Introduction
This paper will provide our considerations on PDU discard, for which RAN2#119-e reached the following agreements.
· [bookmark: _Hlk114688221]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
· 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. 
· 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)
 
Discussion
For the XR service, SA2 introduces PDU Set and would like to support integrated PDU Set handling [2]. 
PDU Set: 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, as used in TR 26.926 [27]). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.
Accordingly, SA2 discusses introducing the PSDB per PDU Set.
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.
During the SA2 discussion, one candidate method of integrated PDU Set handling is PDU Set discard. In this direction, several solutions are proposed and Solution #52 in [2] provides examples of details.
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Based on our understanding of the above, cases/criteria for PDU Set discard are categorized below.
1) Part of the correlated PDUs remains when the PSDB exceeds. 
· In this case, the PDU Set (or at least the remaining PDUs) may need to be discarded if the discard method is enabled.
2) Part of the correlated PDUs remains but there is no opportunity to recover the PDU Set.
· In this case, the PDU Set (or at least the remaining PDUs) may need to be discarded if the discard method is enabled.
3) Part of the correlated PDUs remains but these are considered as not needed.
· In this case, the remaining PDUs may need to be discarded if the discard method is enabled.
Since RAN2 agrees to study PDU Set-related handling in the AS layer, one question herein is whether the current RAN2 mechanism can support PDU Set discard elaborated above. 
We assume that a PDU of a PDU Set is associated with a PDCP SDU, thus a PDU of a PDU set can be seen as a PDCP SDU.  The current PDCP entity already supports the packet discard method for each PDCP SDU. Once this PDCP discard method is enabled, the transmitting PDCP entity will start the PDCP discard timer for a PDCP SDU when this PDCP SDU is received from the upper layer and it will discard this SDU upon the PDCP discard timer expiry. This PDCP discard method is controlled by the gNB using the configuration of discardTimer per DRB. As the support of PDU Set is a new feature of Rel-18 XR, the AS layer surely has never considered the PDU Set-specific requirement. In other words, the current PDCP discard method does not take the correlation among multiple PDCP SDUs of a PDU set into account and then cannot support the criteria listed above. 
In TS 38.331
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In TS 38.323
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To well support the PDU Set, we propose RAN2 to introduce PDU Set-related discard mechanism. Such a new discard mechanism can be implemented in the PDCP layer.
Observation 1 [bookmark: _Toc115429920]The existing PDCP discard mechanism does not take the correlation among PDUs of a PDU Set into account and thus is not sufficient for PDU Set handling. 
[bookmark: _Toc115429922]RAN2 introduces PDU Set-related discard mechanism in the PDCP layer.
As analysed above, although there is a high probability to introduce an enabler of the PDU Set discard method, the details of the criteria vary. No matter which criteria to be selected eventually by SA2, we can simply name the enabler and/or the criteria-related information as PDU Set discard-related information.
Observation 2 [bookmark: _Toc115031427][bookmark: _Toc115031428][bookmark: _Toc115031429][bookmark: _Toc115429921]In the SA2 discussion, it would be a high probability to implement PDU Set discard based on PDU Set-related information.
In our understanding, the CN would pass such PDU Set-related information to the gNB, and the gNB can determine whether to discard the DL PDU/PDU Set by using the information received.
[bookmark: _Toc115031432][bookmark: _Toc115429923]For DL, the gNB can discard the remaining PDUs of a PDU Set based on PDU Set-related information received.
We understand that similar criteria can be used in UL and DL for the PDU Set discard method because the XR/media service exists in both transmission directions. In one implementation, the application layer can do the decision and indicate the lower layer to discard the associated PDUs. From the AS perspective, the PDCP layer at the UE side can implement PDU/PDU Set discard accordingly, based on the information from the upper layer.  
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[bookmark: _Toc109213964]Conclusion
We have the following observations:
Observation 1	The existing PDCP discard mechanism does not take the correlation among PDUs of a PDU Set into account and thus is not sufficient for PDU Set handling.
Observation 2	In the SA2 discussion, it would be a high probability to implement PDU Set discard based on PDU Set-related information.

We have the following proposals:
Proposal 1	RAN2 introduces PDU Set-related discard mechanism in the PDCP layer.
Proposal 2	For DL, the gNB can discard the remaining PDUs of a PDU Set based on PDU Set-related information received.
Proposal 3	For UL, the UE can discard the remaining PDUs of a PDU Set based on the information obtained from the upper layer.
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At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall: .

- start the discardTimer associated with this PDCP SDU (if configured). «
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‘When the discardTimer expires for a PDCP SDU, or 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.

If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower
layers. «
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=6.52.2.4 QoS parameters for PDU Set Based QoS handling
New QoS parameters for PDU Set based QoS handling in 5GS:«

Baseline parameters:
- PDU Set Delay Budget (PSDB) (solution 8,9, 12, 14,25, 26). -

- PDU Set Error Rate (PSER) (solution 8, 12, 25, 26). The PDU Set Error Rate applies to PDU set which
needs PDU set content integrated handling. -

" NOTE: A PDU Set is considered as error in case all or partial PDUs of the PDU Set are not successfully
delivered. The other PDU Set error cases depends on the consensus of the other PDU Set content
integrity handing, -

=  Editor's note: PSDB and PSER definitions need further discussion. Also, it is FFS how the PSDB, PSER are
differentiated on a PDU Set basis. Should importance parameter be considered to differentiate
the PSDB, PSER, Priority provided over NGAP is FFS?+

- Whether all PDUs are needed for the usage of PDU Set by application layer (solution 22, 23, 25, 49,
51).

Parameters for further study:«

- Whether to drop a PDU Set in case PSDB is exceeded (solution 8, 22,24, 25).
- PDU Set Priority (14, 56).«

NOTE 3: Following are some examples: 1) In some implementations, all PDUs in a PDU Set are needed by
the application layer to use the corresponding unit of information applies. 2) In other
implementations, as an example if the first packet of the PDU Set is lost, all other packets of the
fragmentation units are useless, whereas of the last packet is lost, the decoder can use all packets
except the last one. 3) In yet another example, a PDU Set may be mapped to all source and repair
packets of an Application Layer FEC source block. -
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discardTimer ENUMERATED {ms10, ms20, ms30, ms40, ms50, ms60, ms75, msl00, ms150, ms200, ¢«
ms250, ms300, ms500, ms750, ms1500, infinity} OPTIONAL, —-





