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1.
Introduction
In the last RAN2 meeting, how to handle the dropped MAC PDU as a result of intra-UE prioritization was discussed without consensus. In this contribution, we intend to provide analysis of the potential solutions on the table and way forward to fix the issue as part of solutions of intra-UE prioritization.
2. Discussion
2.1
Cases of the dropped MAC PDU/UL grant
As discussed in [2], generally, there are the following ways on the table for prioritizing a UL grant/SR over another UL grant, which involve MAC and PHY interactions,
· Option 1: The MAC entity always generates/delivers a MAC PDU for each UL grant and relies on PHY prioritization.
· Option 2: The MAC entity only generates/delivers the MAC PDU of prioritized PUSCH if possible according to the LCH priority based prioritization rule.
Then, PHY needs to do prioritization if there is a MAC PDU generated/delivered to PHY and its PUSCH overlaps with another PUSCH/PUCCH resource.
· In scenario 2 CG vs CG/DG: there are two MAC PDUs generated for the overlapped UL-SCH resources.
· In scenario 5 SR vs UL-SCH: there are a MAC PDU generated for the overlapped UL-SCH resource.
According to the analysis in [1] [2] [3], it is expected to have the following cases by adopting above procedures, 

	Case 1: With Option 1 or 2
	Two MAC PDUs are generated and delivered to PHY while one MAC PDU can be dropped or pre-empted by PHY and its TB is stored in the HARQ buffer.

	Case 2: With Option 2
	One UL grant is discarded in MAC and no corresponding MAC PDU is stored in the HARQ buffer.


For instance, in case a prioritization on a new grant occurs close to the PUSCH occasion of the previously prioritized grant, i.e. within the range of a potential minimum processing time, the MAC has no choice but process the previously prioritized grant and thereby delivers the constructed MAC PDU to the PHY. As illustrated in Figure 1, according to the prioritization rule, no matter it is performed in MAC or PHY, the consequence is that, MAC PUD#1 will be dropped while MAC PDU#2 carrying higher priority data will be transmitted on the prioritized grant, i.e. CG PUSCH in Fig.1. In this case, the PUSCH durations are the same which means that MAC PDU#1 at least has the same/similar latency requirement as MAC PDU#2. It can be foreseen that the same issue can occur for conflicts between CG and CG and the dropped MAC PDU can be also for CG.
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Figure 1 Higher priority data arrives before GB PUSCH and PUSCH durations are the same
Similarly, when SR conflicts with a PUSCH and SR is prioritized, it is also possible that the MAC PDU has been constructed but finally dropped. As long as a PUSCH is involved in the conflict, the issue is possible and needs more considerations, especially when the dropped MAC PDU is also for URLLC.
Observation 1: The MAC PDU or UL grant with data of lower priority can be discarded as a result of intra-UE prioritization, which applies to all the scenarios involving a PUSCH.
If the UL grant is dropped due to lower priority associated with the data for assembly, the gNB is unable to distinguish of “UL grant skipping due to no available data” or “UL grant dropping due to intra-UE prioritization”. If the gNB mis-interpret of the dropped UL grant, it may cause additional latency of the transmission of the available data. In case CG are with dense allocation in time domain, delaying the transmission on the next close CG may be acceptable regarding the latency requirement of the lower priority data. Otherwise, the lower priority data may experience a long delay before the next transmission opportunity. 
In case a MAC PDU is dropped and stored in the HARQ buffer, we understand that, the situation may get worse due to the risk of being overridden by a new MAC PDU. In other words, if NW schedules a new transmission of this HARQ process, but there was a MAC PDU dropped and stored in this HARQ process, the dropped MAC PDU will never have the opportunity to be retransmitted in MAC. On the other hand, for a dropped MAC PDU on CG, the ConfiguredGrantTimer will not be started if the MAC PDU is not transmitted. Then, without the protection of the timer, the MAC entity will flush the HARQ buffer even no new data is available for the occasion with the same HARQ process. 

Observation 2: The gNB may not be implemented to schedule a transmision for every PUSCH opportunity which is dropped, as the gNB does not know whether the PUSCH opportunity has been skipped by the UE.
Proposal 1: RAN2 to define a mechanism to enable retransmission of the dropped MAC PDU due to intra-UE prioritization.
2.1
Handling of dropped MAC PDU/UL grant
Actually we think the issue is somehow similar to Msg3 rebuilding. In R15, Msg3 rebuilding was introduced with the intention to avoid the loss of the constructed MAC subPDU in Msg3 buffer. It is specified that, in case of switch from CBRA to CFRA, when the UE receives a RAR for CFRA and there is a MAC PDU in the Msg3 buffer, the Multiplex and Assembly entity will include MAC subPDUs carrying MAC SDU from the obtained MAC PDU in Msg3. Similarly, MAC PDU rebuilding on a subsequent uplink transmission can be used to avoid the packet loss. 
However, we have observed that there are still some differences between dropped MAC PDU and Msg3 rebuilding. For Msg3 rebuilding, it is impossible to schedule the retransmission via the subsequent RAR. However, in case of dropped MAC PDU/UL grant if NW is aware of the presence of the lower priority data, it is feasible to schedule a subsequent retransmission without the need of rebuilding. 
Generally, we think the data of lower priority can be transmitted when a subsequent uplink transmission is available. If the MAC PDU is generated, the UE shall treat the MAC PDU stored in the HARQ buffer as an initial transmission. Otherwise if the UL grant is dropped in MAC, the UE can follow the legacy procedure and process the subsequent uplink transmission for a new transmission. Consequently, based on the previous analysis, we can observe that, there are two directions that can be considered to resolve the issue. 
Option-1: To indicate the presence of the lower priority data - to allow the gNB to schedule a transmission or a retransmission. This option can be used for the case of a MAC PDU dropped at PHY or a UL grant dropped at MAC.
Option-2: To consider MAC PDU rebuilding on a subsequent uplink transmission so that the gNB can schedule new transmission to recover the dropped MAC PDU. This option can be used for a dropped MAC PDU.
Opt1 takes the advantage of a fast potential retransmission opportunity. As long as NW realizes the presence of the data, a retransmission can be scheduled immediately in order to meet the QoS requirement. However, it needs to introduce additional indication  which may cause significant overhead. Opt2 can be performed only when the new transmission opportunity can include those MAC subPDU(s) in the dropped MAC PDU and this can be achieved by gNB implementation. Another issue for Opt2 is how to handle TBS mismatch and MAC CEs, which was also discussed in Msg3 rebuilding. The standard efforts should be minimized by applying Opt2. For a configured grant, we think rebuilding is much simpler as the TBS for those configured grants in a same configuration is fixed regardless of Type 1 and Type 2. When a MAC PDU is dropped, for a subsequent available configured grant, it is feasible to transmit the dropped MAC PDU even without the need of actual MAC PDU rebuilding. As NW is aware of the dynamic grant, normally the uplink skipping would not happen frequently. We would suggest RAN2 to consider the configured grant case first. 
Proposal 2: RAN2 to downselect the following options as a wayforward,

· Option 1: To indicate the presence of the lower priority data - to allow the gNB to schedule a transmission or a retransmission. 
· Option 2: To consider MAC PDU rebuilding on a subsequent uplink transmission so that the gNB can schedule new transmission to recover the dropped MAC PDU. 
3. Conclusion
In this contribution, we provide our analysis the dropped MAC PDU as a result of intra-UE prioritization, and have the following observation and proposals.
Observation 1: The MAC PDU or UL grant with data of lower priority can be discarded as a result of intra-UE prioritization, which applies to all the scenarios involving a PUSCH.

Observation 2: The gNB may not be implemented to schedule a transmision for every PUSCH opportunity which is dropped, as the gNB does not know whether the PUSCH opportunity has been skipped by the UE.
Observation 3: The gNB may not be implemented to schedule retransmissions for every PUSCH opportunity which is dropped, as the gNB does not know whether the PUSCH opportunity has been skipped by the UE.

Proposal 1: RAN2 to define a mechanism to enable retransmission of the dropped MAC PDU due to intra-UE prioritization.
Proposal 2: RAN2 to downselect the following options as a wayforward,

· Option 1: To indicate the presence of the lower priority data - to allow the gNB to schedule a transmission or a retransmission. This option can be used for both a dropped MAC PDU and UL grant.
· Option 2: To consider MAC PDU rebuilding on a subsequent uplink transmission so that the gNB can schedule new transmission to recover the dropped MAC PDU. This option can be used for a dropped MAC PDU.
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