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1 Introduction
In last RAN2#123, we had agreed the followings for PDU set discard:
	· 1: PDCP discard timer for PDU sets supports cases where PDUs of a PDU Set arrive at different instances of time. 
· No decision now. Companies should bring detailed Stage-3 proposals, preferably co-signed by several supporters, to the next meeting, at which time RAN2 aims to decide on which solution to use.


In this paper, we try to discuss how the PSI-based discard works, and then give the mechanisms to handles cases where PDUs of a PDU set arrive at different points of time.

2 Discussion
2.1 The usage of PSI and its impact
RAN2 is still discussing on how PSI-based discard mechanism works. There are two kinds of solutions generally. One is based on PSI directly, i.e., when congestion happens, UE discards the PDU Set that PSI is lower than a threshold. Another is based on discard timer associated with PSI, i.e., when congestion happens, UE uses congestion timer for XR PDU of PDU Set. 

From our side, we don’t want to introduce new discard mechanism other than timer-based discard (i.e., reusing existing discard mechanism and no new discarding mechanism is considered). Also considering timer-based solution also gives chances to low importance PDU Set for transmission, we prefer timer-based solution.

In order to support timer-based discard, two discard timers should be configured for one PDU within PDU Set. And it may works as the following behaviors:

Upon starting PDCP discard timer for one PDU, UE will select congestion timer when in congestion and will select non-congestion timer when in non-congestion.

One issue is raised by companies in last RAN2 meeting that DSR triggering may be interfered by PSI-based timer-based solution. This is because DSR triggering depends on remaining time which is inferred by discard timer and PSI-based timer-based solution will change the length of discard timer in congestion. From our view, the issue is that there exists a mismatch between remaining time threshold and the updated discard timer. The simplest way is to also update the remaining time threshold for DSR triggering when the length of discard timer is updated or simply disable the DSR reporting mechanism when in congestion.
Proposal 1: Two discard timers are configured for one PDU within PDU Set. Upon starting PDCP discard timer for one PDU, UE will select congestion timer when in congestion and select non-congestion timer when in non-congestion.
To enable UE side PSI-based discard, from our view at least the similar configuration method with PDU set based discard can be considered, i.e., using RRC signaling to configure UE to perform PSI-based discard.

However, PSI-based discard is performed only in congestion. And in current specification, It is gNB who knows whether NW is congestion or not. In order to timely activate PSI-based discard mechanism and relief NW congestion, MAC CE which has shorter transmission latency than RRC method can also be considered for configuring PSI-based discard. 

Proposal 2: RRC signalling and MAC CE can be used to configure PSI-based discard for UE.

In our understanding, gNB can judge NW downlink/uplink is congested or non-congested by RRM function. 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 perform PSI-based discard. And when congestion disappear, NW can back to normal discard operation. 

For UL XR traffic, in order to make UE aware of congestion or non-congestion, gNB should indicate congestion info or non-congestion info to UE so that UE can perform PSI-based discard or back to normal discard operation.

Proposal 3: The gNB should indicate congestion info or non-congestion info to UE for PSI-based discard, e.g., via RRC signaling or MAC CE.
As analysed in above, UE cannot aware whether NW is in congestion or non-congestion. Thus, when receives the indication from NW, UE should always perform PSI-based discard for not only the packets in buffer but also the packets arrived subsequently, unless been indicated that congestion is relived or disappeared. 
Proposal 4: The indication from NW for PSI-based discard is also applied for subsequent XR packets.

2.2 Mechanisms to realize PDU Set level discard
RAN2 had agreed that PDU Set discard is modelled using the existing PDCP discard timer for uplink, i.e., per PDCP SDU basis. It can be imaged that plenty of discard timers will be maintained for the PDUs of XR PDU Set. And because of UL jitter, those discard timers may not be initiated at the same time.
The management to directly achieve that one of those timers expires results in discarding other SDUs is complex for UE. A simpler method is to make all the PDCP discard timers expire at the same time if PSIHI is configured. The details are shown in the next.
Here gives a brief introduction of UL jitter. Due to UL jitter, the PDUs of PDU Set may not always reach UE PDCP layer at PDU Set arrival time, i.e., some PDUs arrive at UE PDCP layer ahead of ideal PDU Set arrival time. Some PDUs arrive at UE PDCP layer later than ideal 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 per PDCP SDU. 

For XR PDUx that arrives at UE PDCP layer ahead of/later than ideal PDU Set arrival time, the value of its associated PDCP discard timer is set to [image: image3.png]discardTimern;, ,qc



 plus [image: image5.png]TA.
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Where the [image: image8.png]discardTimern;, ,qc



 is the value of legacy PDCP discard timer which is configured by NW. The TAx is the timing advance value that XR PDUx actual arrival time compares with ideal PDU Set arrival time which is derived based on UL XR periodicity. It could be positive or negative. 
· Alt 2: The PDCP discard timers have the same value (the value configured by NW) but may be configured with different initial values.

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

For the PDU that arrive at UE PDCP layer at ideal PDU Set arrival time, its PDCP discard timer is set to the value configured by NW and starts normally.

For the PDU that arrives at UE PDCP layer [image: image10.png]TA.



 later than ideal PDU Set arrival time, its PDCP discard timer’s value is set to the value configured by NW and starts normally, but with initial value TAx, i.e., the timer starts from [image: image12.png]TA.



.
We are OK with both alternatives and Alt 1 is preferred.
Proposal 5: If PSIHI is configured, it is recommended to apply different length of PDCP discard timers for the PDCP SDUs in the same XR PDU Set and make them expire at the same time so as to enable PDCP discard per PDU Set basis.

If PSIHI is configured to true, the value of PDCP discard timer associated with XR PDUx should be configured to the [image: image14.png]discardTimern;, ,qc



 plus [image: image16.png]TA.



, where the [image: image18.png]discardTimern;, ,qc



 is the value of legacy PDCP discard timer which is configured by NW and the [image: image20.png]TA.



 equals to the actual XR PDUx arrival time minus ideal PDU Set arrival time. 
Proposal 6: If PSIHI is configured to true, PDCP discard timer associated with XR PDUx should be configured to the [image: image22.png]discardTimer, o,



 plus [image: image24.png]TA.
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 is the value of legacy PDCP discard timer which is configured by NW and the [image: image28.png]TA.



 equals to the actual XR PDUx arrival time minus ideal PDU Set arrival time.
In order to discard the whole PDU Set, some enhancements can also 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.
When PDCP entity of sender decide to discard PDU Set, RLC entity of sender should also discard the PDU Set that haven’t been delivered to lower layer. 

As for the PDU of the PDU Set that has been delivered to lower layer, they should not be discarded. Considering those PDUs may be multiplexed with other data in one TB, discarding may impact other data that should not be discarded.

Proposal 8: If PDCP entity determines to discard the PDU Set, RLC entity should also discard the PDUs of the PDU Set that have not been delivered to lower layer.
3 Conclusion

In this contribution we discussed XR PDU Set discard, and made the following proposals:
Proposal 1: Two discard timers are configured for one PDU within PDU Set. Upon starting PDCP discard timer for one PDU, UE will select congestion timer when in congestion and select non-congestion timer when in non-congestion.
Proposal 2: RRC signalling and MAC CE can be used to configure PSI-based discard for UE.

Proposal 3: The gNB should indicate congestion info or non-congestion info to UE for PSI-based discard, e.g., via RRC signaling or MAC CE.
Proposal 4: The indication from NW for PSI-based discard is also applied for subsequent XR packets.

Proposal 5: If PSIHI is configured, it is recommended to apply different length of PDCP discard timers for the PDCP SDUs in the same XR PDU Set and make them expire at the same time so as to enable PDCP discard per PDU Set basis.

Proposal 6: If PSIHI is configured to true, PDCP discard timer associated with XR PDUx should be configured to the [image: image30.png]discardTimer, o,
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 equals to the actual XR PDUx arrival time minus ideal PDU Set arrival time.
Proposal 7: The notification between receiver and sender can be considered to ensure that all the PDUs of the PDU Set are discarded timely.
Proposal 8: If PDCP entity determines to discard the PDU Set, RLC entity should also discard the PDUs of the PDU Set that have not been delivered to lower layer.
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