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1 Introduction
RAN2 made the following agreements for PDCP discard in the previous meetings:

	RAN2#123:
· 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.
RAN2#122:
· 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
RAN2#121bis-e:
· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
RAN2#121:
· Introduce UL PDU Set Importance. How UE derives this will be handled in UE implementation. 
· Can indicate that in RAN2 considers PDU set concept applicable to both UL and DL in LS to SA2.
· 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.
RAN2#120:
· 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.
RAN2#119bis-e:
· For UE transmitter, the PDCP discard should be performed per PDU set basis. 
· For UE transmitter, the PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.
· From RAN2 viewpoint, the following information would be useful for PDU set handling in UL and DL:
· Semi-static information (from CN to RAN): At least PSER and PSDB. 
· Dynamic information: At least identifying which PDU belongs to which data burst/PDU set is also needed, including means to determine at least PDU set boundaries.




In this paper, we discuss further the open issues for the discard operation for XR.
2 Discussion
2.1 PSI and Congestion Handling
As agreed in RAN2#122, Network indicates to the UE to apply PSI-based XR discard mechanism via dedicated signalling (we may refer to it as ‘congestion activation indication’). Now, question arises whether the network indication is a one-shot or subsequent packets are also impacted. We understand that the UE is not aware about how long the congestion situation can last, and network would also need to indicate to the UE to not apply PSI-based XR discard mechanism (i.e. congestion situation is now removed or say, ‘congestion deactivation indication’).

Proposal 1: Network indicates to the UE to not apply PSI-based XR discard mechanism via dedicated signalling (i.e. congestion deactivation indication).

It seems straight-forward that in-between the two events of receiving congestion activation indication and receiving congestion deactivation indication, the PSI-based XR discard mechanism is applicable to all the stored and subsequently received PDU Sets, in order to tackle congestion.

Proposal 2: UE applies PSI-based XR discard mechanism to all the stored and subsequently received PDU Sets in-between receiving congestion activation indication and receving congestion deactivation indication from the network.

The congestion situation is not-so-often happening and whenever required, it needs to be reliably and quickly signalled to the UE. Traditionally, activation and deactivation have been efficiently signalled through MAC CE and this approach seems appropriate also to convey congestion activation/deactivation indication and/or PSI threshold to the UE. Accordingly, UE can configure the relevant layer(s) to operate PSI-based XR discard mechanism.

Proposal 3: MAC CE is used to convey congestion activation/deactivation indication and/or the PSI threshold to the UE.

Further, it is discussed how to use PSI for PDU Set based discard as follows:




Figure 1. Overall procedure of timer based discarding with different timer values for different PSI



Figure 2. Timer based discarding with different timer values for different PSIs

Option 1: Timer based discarding with different timer value for different PSI
This option implies that UE maintains different discard timer values for the PDU Sets associated with different PSIs. For example, a PDU Set with higher PSI value may also have a longer discard timer value configured. However, the different discard timer values for PSIs are only applicable when congestion is encountered. The gNB can configure different discard timer values for different PSIs, including the legacy discardTimer value, through RRCReconfiguration as shown in Figure 1. Here, each PSI value (1, 2, 3) can be assigned a specific discard timer value (T1, T2, T3) separately and low PSI may have low timer value, which allows low important packet to be discarded earlier than high important packet during network congestion. The Figure 2 depicts the expected discarding operation at the UE side. In normal state, the UE uses the legacy discardTimer (T) for PDCP discarding. However, upon receiving congestion activation indication from the gNB, the UE can start using the separate timer values for different PSIs. Nevertheless, this timer-based approach may not be suitable for dynamically changing network statuses, as there will be time delays from the congestion indication to actual packet discarding, which makes it challenging to respond to congestion situations in a timely manner. The approach of using different discard timer values for PSIs is not effective for discarding already buffered packets even with timer value configured to 0 as the existing discard timers should expire and then new timer value takes effect. As a result, only newly arriving packets can only be discarded, leading to inconsistent treatment to packets belonging to same PSI.



Figure 3. PSI threshold based discarding

Option 2: PSI threshold based discarding (regardless of expiry of discard timer)
This option involves discarding lower priority PDU Set based on PSI threshold (i.e., discard PDU Set with a lower PSI than a certain threshold) when a congestion is encountered. This is regardless of the discard timer running status as objective is to tackle congestion situation with early discard of less important PDU Sets. Upon receiving the congestion indication from the gNB, as depicted in the Figure 3, the UE can immediately discard packets with low importance in the buffer. The UE can keep discarding low importance packets regardless of expiry of discard timer until the end of congestion. For simplicity, if PSI(s) are grouped into high importance and low importance, threshold can be just an indication to discard low importance PSI packets.

Observation 1: The approach of using different discard timer values for PSIs may not be effective when congestion status changes dynamically, as there will be time delays from the congestion indication to actual packet discarding. While PSI threshold based approach can tackle congestion situation with early discard of less important PDU Sets, regardless of expiry of discard timer.

Observation 2: The approach of using different discard timer values for PSIs is not effective for discarding already buffered packets even with timer value configured to 0 as the existing discard timers should expire and then new timer value takes effect. As a result, only subsequent (i.e. newly arriving packets) can only be discarded, leading to inconsistent treatment to packets belonging to same PSI.

Proposal 4: RAN2 should adopt PSI threshold based discarding (regardless of expiry of discard timer). For simplicity, if PSI(s) are grouped into high importance and low importance, threshold can be just indication to discard low importance PSI packets. 

2.2 Discard enhancements on PDCP and/or RLC?
In the legacy when a PDCP SDU is discarded, PDCP indicates the discard to the RLC entity if the corresponding PDCP data PDU is already submitted to RLC. RLC procedure is specified in TS 38.322 as below:

	[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc108991119]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.



It is clear that in many cases RLC may not be able to perform discard. Question is whether RLC procedure/protocol needs to be enhanced to achieve discard always or maximum possible times. Primarily, we understand if RLC transmission is already undertaken it is not easy to achieve discard lest it will introduce RLC SN gap, and resultantly, there may be undesired complexity for Tx and Rx RLC entities. Therefore, it seems reasonable to avoid such large specification impact and efforts involved.

Observation 3: Discard operation at RLC layer is not always achievable. Discard enhancements on RLC may introduce RLC SN gap, and there may be undesired complexity for Tx and Rx RLC entities. It seems reasonable to avoid such large specification impact and efforts involved.
There may be an argument that if consideration for congestion scenario would require that RLC does not pursue (re-)transmissions when PSI based PDU Set discard is pursued. However, we think during congestion, with lower uplink allocations, it is more likely that the RLC would have most of the RLC SDUs in the transmission buffer and they may be discarded easily as per the legacy mechanism itself.

Proposal 5: Discard enhancements for PDU Set should be limited to the PDCP layer and no enhancements are pursued for RLC layer. 

2.3 Rx Side Considerations of PDCP Discard
We further explore the impact of the PDU Set based PDCP discard on the receiver side PDCP. It can be noted that in spite of discard of PDU Set at transmitter side PDCP, all constituent PDUs of the PDU Set may not be discarded e.g. when some of the constituent PDUs are already transmitted or assigned sequence number. That is, it is possible that receiver side PDCP layer may receive incomplete PDU Set.

Observation 4: It is possible that receiver side PDCP may receive incomplete PDU Set, when PDU Set based PDCP discard is carried out at the transmitter side PDCP.

[bookmark: _GoBack][bookmark: _Hlk100741761]In the reply LS to SA2 [1], SA4 share their view on the dependency between IP packets that make up PDU Sets (e.g. a frame /slice), including examples that provide some insight into possible dependencies, from none to a dependency that the information unit is prefix-dependent to the case that if any piece is lost of an information unit, the entire unit is useless. It is mentioned that different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling. 

Observation 5: Different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling.

PDCP discard can be performed at the transmitter side PDCP based on the PSIHI. Emphatically, this is equally true and applicable for the receiver side PDCP operation, wherein application layer can have the following cases:
· Case A: Application layer can still recover the part of the information unit, even when PDU Set could not be completely received.
· In this case, the received PDUs of the PDU Set should be delivered to the application layer 
· Case B: Application layer needs all the PDUs of the PDU Set to receive the information unit. For example, application can process information unit only when all constituent PDUs of the PDU Set are received. Incompletely received PDU Set is not useful and rather may add to undesired processing burden and complexity.
· In this case, the received PDUs of the incompletely received PDU Set should not be delivered to the application layer 
That is, whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Handling Indication) [2] determines the delivery approach of the received PDCP PDUs.

Proposal 6: RAN2 to discuss potential enhancement on receiver side PDCP to handle and deliver received PDUs to application layer considering following:
a) If all PDUs are needed for the usage of PDU Set by application layer, the PDCP does not deliver the received PDUs of the incompletely received PDU Set to the application.
b) If all PDUs are not needed for the usage of PDU Set by application layer, PDCP delivers the received PDUs of the incompletely received PDU Set to the application.
c) It is configurable to the receiver PDCP entity whether a) or b) is required.  
3 Conclusion
Based on discussion in section 2, the following observations are made:

Observation 1: The approach of using different discard timer values for PSIs may not be effective when congestion status changes dynamically, as there will be time delays from the congestion indication to actual packet discarding. While PSI threshold based approach can tackle congestion situation with early discard of less important PDU Sets, regardless of expiry of discard timer.

Observation 2: The approach of using different discard timer values for PSIs is not effective for discarding already buffered packets even with timer value configured to 0 as the existing discard timers should expire and then new timer value takes effect. As a result, only subsequent (i.e. newly arriving packets) can only be discarded, leading to inconsistent treatment to packets belonging to same PSI.

Observation 3: Discard operation at RLC layer is not always achievable. Discard enhancements on RLC may introduce RLC SN gap, and there may be undesired complexity for Tx and Rx RLC entities. It seems reasonable to avoid such large specification impact and efforts involved.

Observation 4: It is possible that receiver side PDCP may receive incomplete PDU Set, when PDU Set based PDCP discard is carried out at the transmitter side PDCP.

Observation 5: Different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling.

RAN2 is requested to discuss and agree to the following proposals:

Proposal 1: Network indicates to the UE to not apply PSI-based XR discard mechanism via dedicated signalling (i.e. congestion deactivation indication).

Proposal 2: UE applies PSI-based XR discard mechanism to all the stored and subsequently received PDU Sets in-between receiving congestion activation indication and receving congestion deactivation indication from the network.

Proposal 3: MAC CE is used to convey congestion activation/deactivation indication and/or the PSI threshold to the UE.

Proposal 4: RAN2 should adopt PSI threshold based discarding (regardless of expiry of discard timer). For simplicity, if PSI(s) are grouped into high importance and low importance, threshold can be just indication to discard low importance PSI packets. 

Proposal 5: Discard enhancements for PDU Set should be limited to the PDCP layer and no enhancements are pursued for RLC layer. 

Proposal 6: RAN2 to discuss potential enhancement on receiver side PDCP to handle and deliver received PDUs to application layer considering following:
a) If all PDUs are needed for the usage of PDU Set by application layer, the PDCP does not deliver the received PDUs of the incompletely received PDU Set to the application.
b) If all PDUs are not needed for the usage of PDU Set by application layer, PDCP delivers the received PDUs of the incompletely received PDU Set to the application.
c) It is configurable to the receiver PDCP entity whether a) or b) is required.  
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