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Discussion on discard operation for XR includes two aspects, we make good progress for each aspect:

· Regarding integrated per PDU-set discard based on PSIHI indication, we agreed
· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
· PDU-set discard indication for UL is configured using RRC to handle the PDU Set based discard functionality (i.e. whether UE discards all packets in PDU set when one PDU is discarded). The configuration is per PDCP entity.
· Regarding PDU discard based on PSI information at presence of congestion, we agreed
· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
· FFS how/whether to minimize additional UL signalling after this indication.
· FFS if the NW indication is a one-shot or also subsequent packets

In this document, we discuss details of these two enhancements including how to model/trigger PSI based discard. We also share our initial views on lower layer discard operation which has been proposed by companies.
Discussion
Integrated per PDU-set discard
In addition to agreed timer-based integrated per-PDU set discarding, a PDU loss can also be used to trigger the integrated the whole PDU-set discard. For performing integrated per PDU-set discard triggered by a PDU loss, it is expected to inform the transmitting PDCP entity once PDU lost is detected in the receiving PDCP entity.
Currently, when the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. The first missing count (FMC) field which indicates the COUNT value of the first missing SDU within the reordering window may be reused for identify the PDU lost. However, the legacy PDCP status report is triggered by the receiving PDCP entity when
· upper layer requests a PDCP entity re-establishment; or
· upper layer requests a PDCP data recovery; or
· upper layer requests a uplink data switching; or
· upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331
We suggest RAN2 to discuss whether enhancement of PDCP status report mechanism (for example, triggers at the receiving PDCP entity) is needed.

Discuss whether enhancement of PDCP status report mechanism is needed for performing integrated per PDU-set discard triggered by a PDU loss. 
PDU discard based on PSI info at presence of congestion
In presence of congestion, less important PDU sets could be discarded to make the radio resource available for more important PDU sets transmission. Last meeting, RAN2 agreed network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling but without agreed on detailed implementation. 

there were different options to implement PSI-based discard, we summarize here after: 

A. PSI-specific timer based discarding
A1. Pure PSI-specific timer values 
During RRC (re)configuration stage, network can configure PSI specific discard timer value DiscardtimerforPSI (i) to replace the legacy/common discard timer value. It is assumed that shorter discardtimer value will be configured for less important PDUs, hence they will be discarded earlier if there is congestion. This would mean no more congestion ON/OFF signalling.

A2. PSI-specific timer value + ON/OFF
During RRC (re)configuration stage, network can configure PSI specific discard timer value DiscardtimerforPSI (i) together with the legacy/common discard timer value. Besides, we also introduce the congestion ON/OFF signalling. 

PSI-specific timer value is applied when congestion status is ON; Legacy discard timer value is applied when congestion status is OFF. In detailed modelling, there are two slightly different ways, but effectively they could be same:

A2-1: run only one timer per PDU at a time
With this option, at the switch point of congestion status, the value of a running timer may need to be adjusted as following, or we could keep the running timers as it is, but only apply the new timer value for new timer running for newly arrived PDUs.

Example of a Running timer value adjustment: 
· Common/legacy discard timer value is X
· PSI specific discard timer value corresponding to PSI level i is Y(i)
· At T0, When congestion status is false, a PDU with PSI level i arrives, a timer linked to this PDU is running down from initial value X
· At T1, the timer is running down to X-(T1-T0), and congestion status change from false to true.  We may need to adjust the running timer value into N- (T1-T0), it can continue running down if it is positive value, it may trigger discarding if it is a negative value.  

A2-2: run two timers per PDU at same time
With this option, when a PDU arrives, two timer will run, and each of them are initiated with common value and PSI specific value. Depending on the congestion status, discarding decision will be based on one of these two timers.

For example:
· Common/legacy discard timer value is X
· PSI specific discard timer value corresponding to PSI level i is Y(i)
· At T0, a PDU with PSI level I arrives, timer#1 linked to this PDU is running down from X; timer#2 linked to this same PDU is running down from Y(i)
· If congestion status is false, UE makes discarding decision when timer#1 expires
· If congestion status is true, UE makes discarding decision when timer#2 expires


A3. Directly PSI-specific timer (re)configuration
This is similar to option A2, but instead of two step signalling (i.e., pre-configuration of the PSI specific timer values and ON/OFF indication),  gNB directly indicates PSI specific time values, and UE use the received PSI-specific time values to replace the legacy/common value or the previous configured values. gNB may release PSI specific time values when there is no congestion. FFS which signalling will be used for the (re)configuration 

NOTE: 
Network may configure a timer value for each of 16 PSI levels, or a timer value shared by a group of PSI levels, this can be discussed separately.
Network may configure only one set of PSI-specific timer values to be used when congestion is ON, or configure multiple set of PSI-specific timer values to be used for different congestion levels. This also can be discuss separately.

B. PSI-level based solutions

B1. PSI level threshold + congestion ON/OFF  
Network configure the PSI level, up which should be discard, when congestion mode is switch on by another ON/OFF signalling.

Likely the PSI level threshold configuration is in RRC signalling and ON/OFF is lower signalling

B2. Directly PSI level threshold indication
Similar to B1, but network directly indicate the PSI level up which should be discard. After UE receives this PSI level threshold, it will discard all PDUs with PSI level lower or equal then the configured PSI level threshold (assuming lower the PSI level, less the importance). 
When congestion is lifted, network release the PSI level based discarding by remove the configuration of PSI level threshold. FFS which signalling will be used.

RAN2 down select from following discarding solutions based on PSI information: 

A. PSI-specific timer based discarding
A1. Pure PSI-specific timer value 
A2. PSI-specific timer value + ON/OFF
A2-1: run only one timer per PDU at a time
A2-2: run two timers per PDU at same time
A3. Directly PSI-specific timer (re)configuration

B. PSI-level based discarding
B1. PSI level threshold +ON/OFF  
B2. Directly PSI level threshold indication

Discard execution in Lower layer
Discarding will not actual happen if the discard indication is received after the packets has been sent to lower layer for transmission, as specified in RLC and copy here: 

	5.4	 SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.



There is a desire to make the discarding actually happen, i.e., RLC layer stop ARQ, and MAC layer stop HARQ for the packets receiving discard indication from PDCP layer. This will introduce a lot of changes, especially how to stop HARQ retransmissions, how to handle the RLC SN gap. So it should be justified by enough scenarios (i.e., discard indications after packet being transmitted happens more often) and enough gain(save a lot of radio resource by doing so).

We believe discard indications will increase but may not be a lot more based on following reasons:

· With integrated per PDU-set discarding based on PSIHI, if one PDU has been submitted to lower layer for transmission and its discard timer expires, likely all other PDUs in the same set has been submitted to lower layer too, vice versa. So integrated per PDU-set discarding will increase PDU discard indication

· With congestion-based less important PDU set discarding, if we aim to discard the PDU sets which has not been submitted to lower layer for transmission. This will not increase discard indication to lower layer.


The gain will come if: 
· The retransmission can be withdrawn i.e., no other data without discard indication included in the TB 
· The radio resource for retransmission can be saved for other UE/transmission. 

Considering all above analysis, we should be very cautious to introduce lower layer discarding in our view

Enhancement on lower layer discard execution should be justified by enough gain and should not be too complicate.

Summary
[bookmark: OLE_LINK3]This contribution provided our initial proposals on PDU set level discard, we have proposals as follows:

Regarding PDU set-based discard operation:
1. Discuss whether enhancement of PDCP status report mechanism is needed for performing integrated per PDU-set discard triggered by a PDU loss.

Regarding PSI-based discard:
RAN2 down select from following discarding solutions based on PSI information: 

C. PSI-specific timer based discarding
A1. Pure PSI-specific timer value 
A2. PSI-specific timer value + ON/OFF
A2-1: run only one timer per PDU at a time
A2-2: run two timers per PDU at same time
A3. Directly PSI-specific timer (re)configuration

D. PSI-level based discarding
B1. PSI level threshold +ON/OFF  
B2. Directly PSI level threshold indication

Regarding lower layer discard execution enhancement:

Enhancement on lower layer discard execution should be justified by enough gain and should not be too complicate.
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