
3GPP TSG-RAN WG2 Meeting#107 bis                                                          R2-1913242
Chongqing, China, 14 – 18 October, 2019                           
Revision of R2-1910363
     
Agenda item:      6.7.3.1
Source: 
Huawei, HiSilicon,SIA
Title: 
Handling of de-prioritized MAC PDU due to intra-UE prioritization
Document for:

Discussion and Decision

1.
Introduction
In the RAN2#106 meeting, the issue of de-prioritized MAC PDU was intensively discussed over a couple of candidate solutions and the following agreements were made [1],
· For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
· For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process

· The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU 

In the last RAN2#107 meeting, the MAC PDU recovery issue was discussed again with the following updates [2].
· RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.

In our understanding, we have made the consensus that the de-prioritized MAC PDU should be well handled to eliminate the risk of packet loss. However, it is still not clear about the full picture of the solution to address the issue. In this contribution, we intend to provide our analysis on stage-2 conclusion on the solution.
2. Discussion
2.1
Applicable cases for de-prioritized MAC PDU
It can be understood that the de-prioritized data is the outcome of intra-UE prioritization. As long as one MAC PDU has been already generated but fails to transmit on the overlapped UL-SCH resource, the de-prioritized data needs to be considered for subsequent retransmission. Otherwise, packet loss may be inevitable if the MAC PDU is overridden by a new MAC PDU or buffered too long at the transmitter.
Basically, the following principles of intra-UE prioritization are on the table [3],
Option-1: PHY based prioritization: The MAC entity always generates a MAC PDU and relies on PHY prioritization. 

Option-2: MAC based prioritization: The MAC entity only generates the prioritized MAC PDU according to a predefined rule.

Regarding Option 2, due to the PUSCH preparation time limit and unpredictable “pre-emption”, it is possibly that the de-prioritized grant has been processed previously ahead of a later grant. Some may argue to roll the data back to the original LCH. However, it would complicate the UE implementation, as previously discussed and agreed for Msg3 rebuilding in R15. So Option 2 cannot address the case that de-prioritized MAC PDU has been generated.
Therefore, PHY anyway needs to do prioritization for conflicting resources in the case that the de-prioritized MAC PDU is generated and delivered to PHY. More specifically,  
· In scenario 2 CG vs CG/DG: two MAC PDUs are generated for the overlapped UL-SCH resources.
· In scenario 5 SR vs UL-SCH: a MAC PDU generated for the overlapped UL-SCH resource and a SR is indicated by MAC.
Therefore, with MAC based prioritization, there is always a case that MAC has already generated the de-prioritized MAC PDU, which is common to scenario 2 and 5. 
Observation 1: MAC may generate the de-prioritized MAC PDU as a result of MAC based prioritization.

In such a case, network may not be aware of the de-prioritized MAC PDU especially as the network does not know if there is data available at the UE side. To avoid the data loss, the network needs to schedule retransmission for each grants of the CG configuration, and this is unnecessarily a waste of radio resources. Therefore, this issue should be addressed if MAC based prioritization is adopted.
2.2
Common solution for de-prioritized MAC PDU
The intention of handling the de-prioritized MAC PDU is to ensure “lossless” requirement not to be impacted by intra-UE prioritization and the impact to lower priority service is minimized. The situation is not completely new to RAN2 given the similarity to the previous discussions on Msg3 rebuilding, configured grants overlapping with DL symbols in TDD and MAC PDU overwritten for CG due to LBT failure. The commonality in above issues is that gNB may be unaware of whether the UE has data to transmit or not. For CG on unlicensed carrier, MAC recovery issue has reached the following agreement.
· On LBT failure at TX on CG, the UE transmits the pending TB using same HARQ process, in a CG resource.

As said above, always scheduling a retransmission would cause resource waste especially when the CG is densely configured, which is unacceptable for the NW. As the UE cannot predict whether there will be higher priority data to transmit later on the pre-allocated resource, with the intra-UE periodization, the de-prioritized MAC PDU has to be kept in the HARQ buffer. Otherwise, if discarded by MAC, there is no further chance for the data recovery by the HARQ. That is to say, for RLC UM, which is commonly configured for URLLC traffic, there is no other means in AS layer to ensure the lossless requirement. Overall, we think that, the transmission performance should not be affected negatively due to the introduction of intra-UE prioritization.
Observation 2: MAC PDU recovery has been adopted when CG is interrupted by LBT failure. 
According to the agreements in the last meeting, for the de-prioritized PUSCH of dynamic grant, as the data is always scheduled by the NW, we believe that, in most cases, the NW is able to schedule effective retransmission for the part or the whole de-prioritized MAC PDU. However, for the de-prioritized PUSCH of configured grant, as we discussed in [4], we have to avoid unnecessary retransmission attempts as the UE may skip the CG. What is worse, as the ConfiguredGrantTimer will not be started for this HARQ process, 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, and that is the exactly the similar motivation why we agreed to specify the UE behaviour in case of CG overlapping with DL symbol in TDD. By overlooking the candidate solutions on the table in the following,
Option-1: To indicate the presence of the lower priority data 
Option-2: To transmit on a subsequent CG occasion
we think that, Option 1 takes the advantage of a fast potential retransmission opportunity and it is the clean and forward compatible solution for all the cases even when the grant is dropped, i.e. no MAC PDU is assembled. However, it needs to introduce additional indication which would increase complexity and did not seem agreeable for majority during online discussions. Therefore, we believe that Option 2 is the way forward and somehow compatible to the existing procedure. For the same HARQ process, as the de-prioritized MAC PDU is stored in the corresponding HARQ buffer, the legacy “retransmission” for repetition procedure can be simply reused with minor standard impacts. Regarding whether the same or different HARQ process can be applied, we believe with the different HARQ process, it will impact UE implementation significantly and considerable standard efforts can be foreseen. Therefore, in this release, we think it is sufficient to delay the transmission with the same HARQ process with a common solution for licensed and unlicensed operations.
Proposal: For de-prioritized PUSCH for configured grants, the UE transmits the stored MAC PDU using the subsequent CG resources associated with the same HARQ process, similar to the agreed operation for NR-U.
3. Conclusion
In this contribution, we provide our analysis on the de-prioritized data as a result of intra-UE prioritization, and have the following proposals as the way forward.
Observation 1: MAC may generate the de-prioritized MAC PDU as a result of MAC based prioritization.

Observation 2: MAC PDU recovery has been adopted when CG is interrupted by LBT failure. 
Proposal: For de-prioritized PUSCH for configured grants, the UE transmits the stored MAC PDU using the subsequent CG resources associated with the same HARQ process, similar to the agreed operation for NR-U.
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