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1 Introduction
In previous RAN2 meeting, XR-awareness for the Study on XR (Extended Reality) Enhancements for NR [1] had been discussed and achieved some preliminary conclusions. And SA2 had sent critical LS to RAN2 with some solid conclusions. Hence, in this contribution, we focus on the investigation of the potential RAN impacts of the PDU discarding to progress the study of XR enhancement for NR. 
2 Discussion
SA2 Latest Input of PDU sets
As shown in SA2 LS, PDU Set based QoS framework is defined in SA2 as follows:
	· In KI#4&5 (PDU Set based QoS framework), SA2 has been discussing the extension of the 5GS QoS framework to support the efficient handling of PDU Set, mainly including PDU Set identification and PDU Set level QoS. SA2 has agreed to send to the gNB the information captured in TR 23.700-60 clause 8 (see agreed pCR S2-2209938).


Parameter of PDU sets in SA2 TR Conclusion
	8.X.2.1 PDU Set Information

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

-  PDU Set Identifier
NOTE:
Neighbor PDU Sets in sequence will use different PDU Set identifiers.

-  Optional, Start PDU and End PDU of the PDU Set

-  PDU SN within a PDU Set
-  Optional, PDU Set Size

NOTE:
Either PDU Set Size expressed in bytes or PDU Set Size expressed as number of PDUs, needs further determined.

NOTE:
Either one among Start/End PDU of the PDU Set and Number of PDUs within a PDU Set needs to be supported.

-
PDU Set Importance

Editor’s Note: Which above PDU Set information parameters is optional is FFS.



And in last RAN2 meeting, some conclusions were agreed and captured in the draft TR 38.835 [2] as follows: 
	In order to handle PDUs efficiently in both UL and DL, the following information would be useful:

Semi-static information provided by the CN:

-
The PDU-Set Delay Budget (PSDB);

-
The PDU-Set Error Rate (PSER);

-
Traffic parameters (e.g. periodicity);

-
Jitter information (e.g. range).

Dynamic information:

-
The PDUs belonging to a PDU set (this includes the means to determine at least the PDU set boundaries);

-
The PDUs belonging to a Data Burst.

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).


Potential components in a given PDU Set

And in [1], it is mentioned that:

	Editor’s Note: Whether PDU Set importance is used for mapping different QoS Flows, sub-QoS Flows, or included in GTP-U header is FFS. (Potential SoH)


This means there are two kinds of potential components in a given PDU Set, which has not been concludes in SA2:
Option 1：The groups of packets within a PDU Set construct GOP (Group of Pictures), which have inherent dependency on each other in media layer;
Option 2: the groups of packets within a PDU Set are consisted of one same type streams, i.e., I-streams, B-streams or P-streams.
PDU discarding mechanism
Regarding the PDU discarding mechanism, the following points mentioned in SA2 and SA4 need to be taken into account:
Case 1:

The XRM service PDUs have dependency with each other, where the PDUs (e.g. I frame), on which are dependent by the other PDUs (e.g. P frame, B frame), are expected to be more important and should be transmitted firstly. In this case, P frame and B frame are used to enhance the high definition, e.g. from 720p to 1080p, dropping of those P frame and B frame makes sense to keep the service when the network resource cannot transmit all of the service data.
Case 2:

 In some XRM service, P frame and B frame are also important as I frame to construct the fluent video, dropping of those P frame and B frame causes jitter to the QoE which is not better than giving up the whole service. As explained in SA4’s LS [1], such decisions whether a belated PDU in L2-layer can be dropped or not shall be authorized or determined by individual applications. 
And UE can acquire the dropping policy for UL PDU from XRM via CN or gNB, while the gNB can be notified the dropping policy for UL PDU from XRM via CN or UE, for example, dropping data authorization, valid condition of dropping data authorization, description of data requiring prioritized transmission. The dropping data authorization is the dropping data list in prioritized order. The valid condition of dropping data authorization can be the gNB cannot delivery all of the service flow data. The dropping data order list includes the dropping data priority and its corresponding description of data allowed to be dropped. Regarding UE, as the application layer is located in the UE device, the dropping policy for DL data can be acquired directly. 
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Figure 2: Different PDU Dropping policy corresponding to different L2 PDU Handling
Observation 1: such decisions whether a belated PDU in L2-layer can be dropped or not shall be authorized or determined by individual applications.
Proposal 1: UE can acquire the dropping policy for UL PDU from XRM via CN or gNB, while the gNB can be notified the dropping policy for UL PDU from XRM via CN or UE.
Proposal 2:  The dropping policy can include dropping data authorization, valid condition of dropping data authorization, description of data requiring prioritized transmission.
Proposal 3: Based on received dropping policy, the RAN or the UE can drop the remaining PDUs belonging to the same PDU Set mapped into one DRB, if one key PDUs has not been transmitted successfully, e.g. I frame, via the knowledge of PDU Set-related information indicated in extended GTP-U header, e.g. Start/Last PDU Flag, PDU Set Priority, PDU Set dependency information, or just delivery the belated PDUs and corresponding remaining PDUs.
In current PDCP layer, a received PDU is configured with a corresponding discard timer and the data in the PDCP buffer is dropped when the discard timer is expired. 

In case of Option 2, that is, the groups of packets within a PDU Set are consisted of one same type streams, i.e., I-streams, B-streams or P-streams, which is straightforward to map such PDU set into one DRB with one RLC entity. Then for each PDU Set Type in each PDU Family, a PDU Set Validity Time may be provided from application server via CN as illustrated in above sections. The PDU Set Validity Time may be used by the gNB to decide whether to transmit or drop the PDUs of a PDU Set instance. PDU Set Validity Time, which indicates for each PDU set type, the maximum delay for a given PDU Set instance to be delivered to the recipient. Beyond the validity time, the PDU Set instance is not considered valid, and thus all packets of the PDU Set that were not transmitted can be discarded at the RAN. The PDU Set Validity Time defines an upper bound time limit that the combined set of packets in a PDU Set instance may be delayed between the UE and the gNB. For example that for an I-Frame PDU set, the Validity Time may take into account the usefulness of I-Frames for subsequent P-Frame decoding, which may occur at a later time than is required to render the I-Frame. Similar scenarios apply for PDU Sets in the Temporal and Spatial Layer PDU Families where an Enhancement Layer PDU Set may be dependent on a Base Layer PDU Set. When there is one packet in the PDU Set, the Validity Time may be greater than the PDB to reflect the usefulness of the PDU Set for this purpose.

And there will a corresponding PSDB for RAN, which defines an upper bound for the time that a PDU-Set may be delayed between the UE and the gNB notified from CN to RAN. With this in mind, we propose the following:
In case of Option 1, that is, the groups of packets within a PDU Set construct GOP (Group of Pictures), which has inherent dependency on each other in media layer. Then the PDU set is possible to be mapped in multiple DRBs with different priorities or one DRB with multiple RLC entities. And in this case, the layer-2 timer granularity is preferred to be per PDU, rather than per PDU SET. Then when a given PDU is received in the PDCP buffer, it will be configured by two timers for this PDU in Layer-2, i.e. a traditional discard-timer corresponding to the PDB for RAN and a validity timer indicated from application server and it will be dropped when the validity timer expired.
Proposal 4: in case of a PDU set is consisted of one same type streams, e.g. I-streams or B-streams, when a given PDU set is received in the PDCP buffer, it will be configured by two timers for this PDU set in Layer-2, i.e. a discard timer corresponding to the PSDB for RAN and a validity timer indicated from application server and it will be dropped when the validity timer expired.
Proposal 5: Regarding the PDU/PDU set discarded due to discard policy, RAN needs make decision on which layer is more suitable, in either PDCP or RLC layer.
3 Conclusions

Observation 1: such decisions whether a belated PDU in L2-layer can be dropped or not shall be authorized or determined by individual applications.
Proposal 1: UE can acquire the dropping policy for UL PDU from XRM via CN or gNB, while the gNB can be notified the dropping policy for UL PDU from XRM via CN or UE.
Proposal 2:  The dropping policy can include dropping data authorization, valid condition of dropping data authorization, description of data requiring prioritized transmission.
Proposal 3: Based on received dropping policy, the RAN or the UE can drop the remaining PDUs belonging to the same PDU Set mapped into one DRB, if one key PDUs has not been transmitted successfully, e.g. I frame, via the knowledge of PDU Set-related information indicated in extended GTP-U header, e.g. Start/Last PDU Flag, PDU Set Priority, PDU Set dependency information, or just delivery the belated PDUs and corresponding remaining PDUs.
Proposal 4: in case of a PDU set is consisted of one same type streams, e.g. I-streams or B-streams, when a given PDU set is received in the PDCP buffer, it will be configured by two timers for this PDU set in Layer-2, i.e. a discard timer corresponding to the PSDB for RAN and a validity timer indicated from application server and it will be dropped when the validity timer expired.
Proposal 5: Regarding the PDU/PDU set discarded due to discard policy, RAN needs make decision on which layer is more suitable, in either PDCP or RLC layer.
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