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Introduction

In last RAN#99, the WID scope of  the capacity for XR (Extended Reality) Enhancements for NR [1] has been updated:
	Specify the enhancements related to capacity:

-
Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  

-
Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);

-
Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);

-
Delay reporting of buffered data in uplink (RAN2);

-
Discard operation of PDU Sets for DL and UL (RAN2, RAN3);


Meanwhile, in previous RAN2 meeting, XR-awareness for the Study on XR (Extended Reality) Enhancements for NR had been discussed and achieved some preliminary conclusions, as follows:

	RAN2#121 Agreement:
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.

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.


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 from the following aspects:

How to use PDU set information, e.g. PSIHI, PSI for PDU set discard
 Discard Timer modelling in PDCP specification
Whether PDU/PDU set discard function is supported at lower layers (e.g. RLC entity, MAC entity)
Discussion
How to use PDU set information, e.g. PSIHI, PSI for PDU set discard
In the previous RAN2 meetings, it was agreed that the PDCP discard for UE transmitter should performed per PDU set basis and the PDCP discard is managed per SDU PDU set. Additionally, SA2 provides some parameters related to PDU set handling in the TS 23.501 [1] as follows:

Parameter of PDU sets in SA2 Conclusion

	And currently 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)

In addition to this, the following traffic assistance information may be provided by the CN to NG RAN in order to configure UE power saving management scheme for connected mode DRX:

-
UL and/or DL Periodicity;

-
N6 Jitter Information associated with the DL Periodicity;

-
Indication of End of Data Burst.

Meanwhile, in SA2, to support PDU Set based QoS handling, the PSA UPF identifies PDUs that belong to PDU Sets and determines the below PDU Set Information which it sends to the NG-RAN in the GTP-U header. The PDU Set information is used by the NG-RAN for PDU Set based QoS handling as described above:
-
PDU Set Sequence Number.

-
Indication of End PDU of the PDU Set.

-
PDU Sequence Number within a PDU Set.

-
PDU Set Size in bytes.

-
PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.


	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.  


Generally, PDU Sets with different requirements for PSER/PSDB/PSIHI can be mapped to different Data discarding operations at RAN. However, as indicated in the SA2 LS, all the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI.  

Observation 1: as indicated in the SA2 LS, all the PDU Sets within one QoS flow should apply the same PSER and PSDB , we should focus on the usage of PSIHI and PSI for  PDU set-based discard. 
Regarding PSIHI, if the PSIHI indicating that all PDUs are needed for the usage of PDU Set by application layer, would be handled with the same delay and reliability requirement (exposure of such KPI to RAN via PSER and PSDB). 

Specially, the PSIHI indicated two different the PDU discarding mechanism, as shown in figure 1:

Case 1: PSIHI is set to false 
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:PSIHI is set to true 
 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 , such decisions whether a belated PDU in L2-layer can be dropped or not shall be authorized or determined by individual applications. 
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Figure 2: Different PDU Dropping policy corresponding to different L2 PDU Handling
On the other hand, in last meeting, RAN2 agreed to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. And the PSDB in Uu should be defined as an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the termination point at the gNB, i.e. time between reception of the first PDU and the successful delivery of the last arrived PDU of a PDU Set. Therefore, if the delay budget for the PDU set is exceeded then the whole PDU set would be dropped in case of PSIHI being set. 

Proposal 1: if PSIHI of a given PDU set indicates that all PDUs are needed for the usage of PDU Set by application layer,  the whole PDU set would be dropped once the delay budget for the PDU set is exceeded. 
Proposal 2: if PSIHI of a given PDU set indicates that all PDUs are needed for the usage of PDU Set by application layer,  PSER and PSDB will be used for PDU set discarding instead of PER and PDB.

Regarding PSI, RAN2 had agreed to take the PSI into the consideration of PDU set-based discard as follows:

=> 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. 

From our perspective, in case of no congestion, all PDUs in the PDU set can be treated in the same way. Conversely, in case of congestion, the PDU set with different PSI even with same QoS value will be set with different timers, and PSDB is the primary parameter for discard. 
Proposal 2:  To support the usage of PSI in case of congestion, the PDU set with different PSI even with same QoS value will be set with different timers, and PSDB is the primary parameter for discard. 
 Discard Timer modelling in PDCP specification
In previous RAN2 meetings, a left issue is as follow:

FFS how this is modelled in PDCP specification, can be discussed in WI phase.
The modelling issue is whether we have one timer or multiple timers for PDU set discard handling.

Regarding UL, all PDUs in the PDU set can be assumed to arrive at PDCP layer at the same time since the application layer is also located in the UE. Even if there is jitter for data handling in application’s codec, the jitter is minor and can be ignored compared to the end-to-end data processing delay. Therefore,from our perspective, the existing discard handling can be re-used for PDUs in the PDU set, i.e., only one existing discard timer for individual PDU is enough, which is mandatory present in case of radio bearer setup.
Conversely, all DL PDUs in the PDU set cannot be assumed to arrive at the gNB’s PDCP layer at the same time since the jitter of the propagation delay between the RAN to application layer through CN. Correspondingly, all DL PDUs in the PDU set cannot be assumed to arrive at the UE’s PDCP layer at the same time. Hence, to avoid wasting of radio resource consumption, the UE is anticipated that the gNB to notify the UE that the remaining DL PDUs in the PDU set are discarded once the gNB detects one of the DL PDUs is obsolete when PSIHI is set. Based on this, the UE stop waiting for the left PDUs or sending NACK in RLC and/or HARQ. On the other hand, how to set the discard timer for DL PDUs in the PDU set in gNB side can be left to gNB implementation. 
Proposal 3: Existing PDU discard handling can be re-used for UL PDUs in the PDU set, i.e., only one existing discard timer for individual UL PDU is enough. 

Proposal 4:  The notification from the gNB is anticipated by the UE that the remaining DL PDUs in the PDU set are discarded once the gNB detects one of the DL PDUs is obsolete when PSIHI is set.
Proposal 5: How to set the discard timer for DL PDUs in the PDU set in gNB side is left to gNB implementation. 

whether PDU/PDU set discard function is supported at lower layers (e.g. RLC entity, MAC entity)

Currently,only in the 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, rather than RLC and MAC layer. In the last meeting, the views on whether PDU/PDU set discard function is supported at lower layers (e.g. RLC entity, MAC entity) as well is very controversial. From our perspective, this issue exists in current real netwrok as well. However, since the cell capacity is the bottleneck for XR traffic, it is beneficial to inform the RLC layer to discard the obsolete RLC PDUs/SDUs/Segments in the RLC buffer which have not been submitted to the lower layers for transmission. Considering the HARQ buffer size is small and can be ignored compared to the RLC buffer, we tend to continue the transmission of the PDUs which had been deliveryed to the MAC layer, which can avoid the issue that discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP, since there is no opportunites for RLC layer to re-assignment the SN for the PDUs in MAC layer.
Proposal 6: it is proposed to support PDU/PDU set discard function at RLC entity as well.

Proposal 7: it is proposed not to support PDU/PDU set discard function at MAC entity.

3 Conclusions

Observation 1: as indicated in the SA2 LS, all the PDU Sets within one QoS flow should apply the same PSER and PSDB , we should focus on the usage of PSIHI and PSI for  PDU set-based discard. 
Proposal 1: if PSIHI of a given PDU set indicates that all PDUs are needed for the usage of PDU Set by application layer,  the whole PDU set would be dropped once the delay budget for the PDU set is exceeded. 
Proposal 2: if PSIHI of a given PDU set indicates that all PDUs are needed for the usage of PDU Set by application layer,  PSER and PSDB will be used for PDU set discarding instead of PER and PDB.

Proposal 3: Existing PDU discard handling can be re-used for UL PDUs in the PDU set, i.e., only one existing discard timer for individual UL PDU is enough. 

Proposal 4:  The notification from the gNB is anticipated by the UE that the remaining DL PDUs in the PDU set are discarded once the gNB detects one of the DL PDUs is obsolete when PSIHI is set.
Proposal 5: How to set the discard timer for DL PDUs in the PDU set in gNB side is left to gNB implementation. 

Proposal 6: it is proposed to support PDU/PDU set discard function at RLC entity as well.

Proposal 7: it is proposed not to support PDU/PDU set discard function at MAC entity.
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