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1 Introduction
Last RAN2#121 we had agreed the followings for PDU discard:
	· 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.


However, the mechanisms to realize XR PDU discard need further discussion with the start of WI. In this paper, we try to give some analysis on the modelling of XR PDCP discard firstly, and then discuss the usage of PSI and PSIHI and its impact on RAN.

2 Discussion
2.1 The modelling of PDCP discard timer
From our side, we don’t want to introduce new factors like PSI/PSIHI for packet discard in PDCP layer other than PDCP discard timer or explicit discard indication from other layer. To achieve XR PDU set based discard, the enhancement to PDCP discard timer can be considered. 
NW/UE can configure different length of discard timer for PDU sets with different PSI. From our side, this may belong to UE/gNB implementation. 
As for PSIHI, if PSIHI is configured to true, the PDU Set should be discarded together. In this case, just using one PDCP discard timer for the whole PDU Set could work. However, if PSIHI is set to false, due to the presence of jitter, the time available for transmission of each PDU of the PDU Set over Uu is different. The PDUs of the PDU Set should be discarded individually. For consistency, from our view, we think PDCP discard timer should be configured per PDCP SDU.
Proposal 1: PDCP discard timer should be used for PDU set based discard and it should be configured per PDCP SDU.
If PSIHI is configured to true, the PDCP discard should be performed per PDU set basis. From our view, the solution to make all the PDCP discard timers expire at the same time can be considered.

For uplink XR traffic transmission, due to the existence of jitter or PDU set generation rate, the PDUs of PDU set may not reach UE PDCP layer at PDU arrival time, i.e., some PDUs arrive at UE PDCP layer ahead of PDU set arrival time. Some PDUs arrive at UE PDCP layer later than PDU set arrival time. 


[image: image1.emf]PDU set periodicity

Jitter range

PDU set

Arrival time

PDUs that arrive ahead of 

PDU set arrival time 

PDUs that arrive later than 

PDU set arrival time 

TA1TA2


To address the case, two alternatives are proposed below:

· Alt 1: The different length of PDCP discard timer. 

For PDUs that arrive at UE PDCP layer ahead of/later than PDU set arrival time, the value of PDCP discard timer set to TAx plus PSDB. Where the TAx is the timing advance value compared with PDU set arrival time. It could be positive or negative. 

For PDUs that arrive at UE PDCP layer at PDU set arrival time, the value of PDCP discard timer set to PSDB.
· Alt 2: The PDCP discard timer has the same value (i.e., PSDB) but may be configured with different initial values.

For the PDU that arrive at UE PDCP layer ahead of PDU set arrival time, its PDCP discard timer only starts at PDU set arrival time.

For the PDU that arrive at UE PDCP layer at PDU set arrival time, its PDCP discard timer’s value is set to PSDB and starts normally.

For the PDU that arrives at UE PDCP layer TAx later than PDU set arrival time, its PDCP discard timer’s value is set to PSDB and starts normally, but with initial value TAx, i.e., the timer starts from TAx.
We are OK with both alternatives and Alt 1 is preferred.
Proposal 2: If PSIHI is configured to true, it is recommended to apply different length of PDCP discard timers for the PDCP SDUs in the same PDU Set and make them expire at the same time so as to enable PDCP discard per PDU Set basis.
2.2 The usage of PSI and its impact
RAN2 had agreed the followings for the usage of PSI in XR PDU discard:
	=> 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.


Thus, we understand that PSI at least can be used for discarding in congestion. It is also how SA2 expects RAN to use PSI. But RAN can also consider other cases.
In our understanding, gNB can judge NW downlink/uplink is congested or non-congested by RRM function in current specification. But UE cannot judge by itself unless be informed by gNB. Thus, for DL XR traffic, gNB can aware that NW is in congestion and then use PSI to discard XR PDU set. For UL XR traffic, in order to make UE aware of congestion, gNB should indicate congestion info to UE for the usage of PSI, e.g., via RRC signaling, MAC CE.

Proposal 3: The gNB should indicate congestion info to UE for UL PDU Set discarding, e.g., via RRC signaling, MAC CE. 
According to SA2 TR 23.700-60, our understanding of PDU Set importance is that it is used to identify frame type. For example, frame type can include independent frame and droppable frame. Independent frame means a frame can be decoded independent of temporally prior frames. The droppable frame means it is droppable. Independent frame is more important than droppable frame and should not be discarded unless PSDB limitation cannot be satisfied. Thus, we believe the independent frame may have higher PDU Set importance than droppable frame. 

Although the PDU Sets in the same QoS flow should have the same PSDB, PSER, PSIHI, the PDU Set with higher PDU Set importance should be guaranteed with higher reliability. It seems pretty easy to conclude that the PDU Set with higher PDU Set importance should be prioritized in the same QoS flow especially in case of congestion, e.g., in discarding or LCP. 
Since XR service requires high reliability, PDCP duplication may be considered as a baseline. It is acceptable to sacrifice some radio resource to improve the reliability of XR service. If PDCP duplication is applied, in order to relieve the pressure on radio resource when in presence of congestion, RAN2 can consider that only part of the PDU Sets who have high PDU Set importance can be duplicated for transmission.
Proposal 4: The duplicated transmission of PDU Sets with high PSI can be considered.
2.3 The usage of PSIHI and its impact
SA2 description of the PSIHI is “The PDU Set Integrated Handling Indication (PSIHI) indicates that whether all PDUs are needed for the usage of the PDU Set by the application layer in the receiver side.” Also SA2 hasn’t reached an agreement on the usage of PSIHI. From our view, since PSIHI will be delivered to NG-RAN and with the knowledge of the above definition from SA2, RAN can make good use of PSIHI for better XR service experience. 

According to definition, if PSIHI is configured to true, the PDU Set can be decoded only if all PDUs are successfully received, otherwise the PDU Set will become meaningless even if only one PDU is lost. To make the PDU Set work, PDU discard should be avoided in this case unless it exceeds the maximum delay budget (e.g., inferenced from PSDB).
Proposal 5: If PSIHI is configured to true, the PDUs of the PDU set should not be discarded unless it exceeds the maximum delay budget.
Since just one lost packet will make the entire PDU Set meaningless, the PDU Set should be discarded together if the PDU(s) of the PDU Set is lost, e.g., the PDU is unsuccessfully delivered due to poor air channel, or cannot catch up PSDB and be discarded by sender.
Proposal 6: If PSIHI is configured to true, the PDUs of the PDU Set should be discarded together.

In order to discard the whole PDU Set, some enhancements can be considered. There can be two cases roughly.

· Case 1: The PDU Set has no opportunity to be transmitted, i.e., the whole PDU Set is stored in sender and cannot catch up PSDB limitation. In this case, sender can just discard all the PDUs of the PDU Set.

· Case 2: Some PDUs of the PDU Set have been successfully transmitted to receiver, some PDUs are not. It can include two more cases:

· Case 2-1: PDU lost in transmission, e.g., poor channel. In this case, if time allows, receiver can indicate the sender to retransmit the lost PDU. Otherwise, the receiver should discard the received PDUs of the PDU Set and the PDUs of the PDU Set in flight, and the receiver should indicate the sender not to transmit rest PDUs of the PDU Set and discard them all.

· Case 2-2: Rest PDUs of the PDU Set are discarded in sender due to PSDB limitation. In this case, sender can notify the receiver no need to wait for the PDU set and to discard the received PDUs of the PDU Set.
Proposal 7: The notification between receiver and sender can be considered to ensure that all the PDUs of the PDU Set are discarded timely.

3 Conclusion

In this contribution we discussed XR PDU Set discard, and made the following proposals:
Proposal 1: PDCP discard timer should be used for PDU set based discard and it should be configured per PDCP SDU.
Proposal 2: If PSIHI is configured to true, it is recommended to apply different length of PDCP discard timers for the PDCP SDUs in the same PDU Set and make them expire at the same time so as to enable PDCP discard per PDU Set basis.
Proposal 3: The gNB should indicate congestion info to UE for UL PDU Set discarding, e.g., via RRC signaling, MAC CE. 
Proposal 4: The duplicated transmission of PDU Sets with high PSI can be considered.
Proposal 5: If PSIHI is configured to true, the PDUs of the PDU set should not be discarded unless it exceeds the maximum delay budget.
Proposal 6: If PSIHI is configured to true, the PDUs of the PDU Set should be discarded together.

Proposal 7: The notification between receiver and sender can be considered to ensure that all the PDUs of the PDU Set are discarded timely.
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