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1 Introduction
RAN2 had achieved the following conclusion in RAN2#120.
	1. 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 paper, we will firstly analyse the PDU Set info received in the SA2 LS, and then try to give some of our understanding for PDU discard.

2 Discussion
2.1 PSIHI consideration
SA2 sends an LS [1] to RAN2 on PDU Set handling and their responses are as follows:

	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.


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 [2]. 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 1: 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 2: 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. 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 3: The notification between receiver and sender can be considered to ensure that all the PDUs of the PDU Set are discarded timely.
2.2 The modelling of PDCP discard timer
The enhancement to PDCP discard timer can be considered. If PSIHI is configured to true, the PDU Set should be discarded together. In this case, just one PDCP discard timer for the 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 4: PDCP discard timer 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. 
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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 5: 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.
2.3 PDU discard considering ROHC info
Due to the shortage of radio resources and PSDB limitation, some XR PDUs cannot be delivered to the receiving node in time. In this case, perform PDU discarding is an effective solution to avoid unnecessary transmission or retransmission. So that the transmission power is saved. And NW can also use the saved radio resources to schedule for other XR services or for other UE, then the XR cell capacity can be optimized.

For DL, the RAN determines to discard PDU based on XR-awareness info received from CN or UE. It could be the explicit indication that indicates which PDU or PDU Set or data burst should be discarded. It could also be the assistance information that instructs the criteria of PDU discard. For example, the PDU Set which exceeds the PSDB or has lower PDU Set importance can be discarded.

However, in addition to the above PDU discard rules, other factors should also be considered to provide the overall gain. The PDCP layer is responsible for ROHC compression which used to compress the header of PDCP PDU. And ROHC protocol used by sending node and receiving node is changing by actual condition. The re-negotiate info (i.e., ROHC context info) will be carried by some PDCP PDUs. If those PDUs are discarded only based on like XR PSDB limitations, then the headers of subsequent packets cannot be efficiently compressed which in turn will increase the load to air interface.

[image: image2.emf] UE AS 

1 2 3

4 5

6 7 8 9 10

gNB

PDCP

ROHC

MAC

1 2 3 4 5

NG-RAN MAC doesn't aware 

that #4 packet carries the newly 

ROHC context, and decides to 

discard it

The ROHC header of 

#4 packet carries the 

newly ROHC context    

UE side has not 

received the newly 

created ROHC 

context, and no 

response

The ROHC entity of the sending node has 

not received the ROHC response，and 

cannot use ROHC context, result in that the 

headers of subsequent packets cannot be 

effectively compressed and then increase 

the load to Uu


Observation 1: The PDCP PDUs of XR may be discarded based on the indication or assistance information from CN and/or UE.
Observation 2：The PDCP PDUs of XR that carry ROHC context may be discarded, so that ROHC compression cannot work well and increase transmission overhead. 
The simplest way to address the above mentioned issue is to consider other factors including the ROHC related info as well when discarding XR PDU. In this way, the overall gain can be achieved and have a good balance. 
Proposal 6: When discarding PDCP PDUs of XR, the ROHC related info should also be considered. 
3 Conclusion

In this contribution we discussed SA2 LS and analyzed the impact on PDU discard, and made the following proposals:
Proposal 1: If PSIHI is configured to true, the PDUs of the PDU set should not be discarded unless it exceeds the maximum delay budget.
Proposal 2: If PSIHI is configured to true, the PDUs of the PDU Set should be discarded together.
Proposal 3: The notification between receiver and sender can be considered to ensure that all the PDUs of the PDU Set are discarded timely.
Proposal 4: PDCP discard timer should be configured per PDCP SDU.
Proposal 5: 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.
Observation 1: The PDCP PDUs of XR may be discarded based on the indication or assistance information from CN and/or UE.
Observation 2：The PDCP PDUs of XR that carry ROHC context may be discarded, so that ROHC compression cannot work well and increase transmission overhead. 
Proposal 6: When discarding PDCP PDUs of XR, the ROHC related info should also be considered. 
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