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In this contribution, we show our views on the discard and retransmission operation for XR.
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Packet discard based on the PSDB
According to TR 23.700-60, a PDU set concept and a PSDB for PDU set are introduced for XR traffic. More specifically, the PDU set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level and the PSDB represents the QoS requirements of PDU set.
For example, if the PSDB is exceeded for a PDU set, all PDUs associated with a same PDU set are considered as outdated. In other words, if the PSDB is exceeded for the PDU set, all PDUs for the PDU set do not need to be transmitted regardless of whether all PDUs for the PDU set are successfully transmitted or not. 
Observation 1. If the PSDB is exceeded for the PDU set, all PDUs for the PDU set do not need to be transmitted regardless of whether all PDUs for the PDU set are successfully transmitted or not.

In RAN2#119bis e-meeting, the following agreements were made.
	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



Considering the observation 1 and the above agreements, we should discuss how to apply the PSDB in the PDCP. In order to apply the PSDB, we can consider the following two options.
· Option 1. Discard timer for a PDU set (new timer).
· The PDCP entity configures a new timer for a PDU set based on the PSDB. The PDCP entity starts the new timer when the first PDCP SDU for a PDU set is received. If the new timer expires, the PDCP entity discards all PDCP SDUs associated with the PDU set.
· Option 2. Discard timer for a PDCP SDU (existing timer).
· The PDCP entity configures the PDCP discardTimer for a PDCP SDU based on the PSDB. The PDCP entity starts the PDCP discardTimer for each PDCP SDU when it is received. If a PDCP discardTimer expires, the PDCP entity discards all PDCP SDUs associated with the PDU set even if the PDCP discardTimer is running. 

In our view, both options are feasible. However, Option 2 can be easily implemented than Option 1, and it would be better to reuse the legacy operation as much as possible. In addition, considering the above agreement, the PDCP entity should manage the discard operation per the SDU.
Proposal 1: The PDCP discardTimer is configured for each PDCP SDU (same as legacy) with the value set to PSDB. If a PDCP discardTimer expires for a PDCP SDU, the PDCP entity discards all PDCP SDUs associated with the PDU set to which the PDCP SDU belongs.

Packet discard in RLC and MAC
According to the current specification, even if the PDCP entity indicates a discard for a PDCP PDU to the RLC entity, the RLC entity does not discard an RLC SDU associated with the PDCP PDU if the RLC SDU has been submitted to the lower layers. In other words, even if the RLC entity receives the discard indication for an RLC SDU due to exceeding the PSDB, the RLC entity does not discard the RLC SDU if it is submitted to the lower layer.
Observation 2. Even if the RLC entity receives a discard indication for a RLC SDU, the RLC entity does not discard the RLC SDU if it is submitted to the lower layer. 

In the RAN2#119bis e-meeting, in order to prevent unnecessary transmission, it was proposed to discard an RLC SDU even if the RLC SDU is already submitted to the lower layer when a discard indication for an RLC SDU is received due to exceeding the PSDB.
However, considering that the RLC SDU may be submitted to the lower layer based on the received UL grant, not many RLC SDUs are submitted to the lower layer before receiving the UL grant. 
In addition, if the RLC entity discards an RLC SDU that is submitted to the lower layer, it causes the SN gap in RLC. This is because the RLC SN for the RLC SDU cannot be reassigned if the RLC SDU is submitted to the lower layer. In this case, the RLC entity needs to notify the information of discarded RLC SDU to the peer entity to move the receiving window.
In UMTS, there was a mechanism called Move Receiving Window (MRW) defined in RLC. When the transmitter discards some PDUs, it sends the MRW command to the receiver to move the lower edge of the receiving window after the discarded PDU. However, this mechanism was removed in LTE because lots of issues were identified in MRW mechanism, e.g. loss of MRW command, out-of-order transmission of MRW command, loss of MRW ACK, out-of-order reception of MRW ACK, etc. Introducing such mechanism again in NR would cause huge complexity in RLC.
Therefore, we think introducing a mechanism to discard already submitted SDU is not justified considering the complexity it incurs. 
Proposal 2. Do not study the enhancement for discarding an RLC SDU submitted to the lower layer if the discard indication for the RLC SDU is received.

In addition, in the RAN2#119bis e-meeting, in order to prevent unnecessary transmission, it was proposed to discard a MAC PDU if the PSDB is exceeded for all MAC SDUs in the MAC PDU. 
However, the discard of the MAC PDU would cause the RLC SN gap problem as explained above. Moreover, considering the current LCP procedure where multiple logical channels are multiplexed, it is a rare case that all MAC SDUs included in the MAC PDU exceed the PSDB.
With the above reasoning, we do not see the benefit to discard a MAC PDU if the PSDB is exceeded for all MAC SDUs in the MAC PDU.
Proposal 3. Do not study the enhancement for discarding a MAC PDU if the PSDB is exceeded for all MAC SDUs in the MAC PDU.

Retransmission operation
According to the PDCP specification, when the PDCP re-establishment is performed, the PDCP entity for UM DRBs performs the transmission from a PDCP SDU which is not submitted yet. It means that the PDCP entity for UM DRBs performs the transmission procedure per PDCP SDU level at PDCP re-establishment. 
Since the PDU set may not be decoded in the application layer if at least one packet associated with the PDU set is not successfully transmitted, the PDCP entity for UM DRBs should perform the PDU set level retransmission. Note that even if the PDCP entity for UM DRBs submits a PDCP SDU to the lower layer, the successful transmission of the PDCP SDU is not guaranteed.
Proposal 4. At PDCP re-establishment for UM DRBs, the PDCP retransmission should be performed per PDU set basis.

More specifically, the PDCP entity for UM DRB receives the PDCP PDU 1, 2, 3, 4, and 5 associated with a first PDU set, and the PDCP entity transmits the PDCP PDU 1, 2, and 3 to the lower layer before PDCP re-establishment. In this case, when the PDCP entity for UM DRB performs the PDCP re-establishment, the PDCP entity performs the retransmission from the first PDCP SDU, e.g., PDCP SDU1, associated with the first PDU set.
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[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we show our views on the discard and retransmission operation for XR.
Observation 1. If the PSDB is exceeded for the PDU set, all PDUs for the PDU set do not need to be transmitted regardless of whether all PDUs for the PDU set are successfully transmitted or not.
Proposal 1: The PDCP discardTimer is configured for each PDCP SDU (same as legacy) with the value set to PSDB. If a PDCP discardTimer expires for a PDCP SDU, the PDCP entity discards all PDCP SDUs associated with the PDU set to which the PDCP SDU belongs.
Observation 2. Even if the RLC entity receives a discard indication for a RLC SDU, the RLC entity does 
not discard the RLC SDU if it is already submitted to the lower layer. 
Observation 3. Even if the RLC entity receives the discard indication for the RLC SDUs for the PDU set due to exceeding the PSDB, not many RLC SDUs are submitted to the lower layer before receiving the UL grant.
Proposal 2. Do not study the enhancement for discarding an RLC SDU submitted to the lower layer if the discard indication for the RLC SDU is received.
Proposal 3. Do not study the enhancement for discarding a MAC PDU if the PSDB is exceeded for all MAC SDUs in the MAC PDU.
Proposal 4. At PDCP re-establishment for UM DRBs, the PDCP retransmission should be performed per PDU set basis.
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