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1.
Introduction

Intra-UE prioritization/Multiplexing has been included in IIoT WID:
	1. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].

· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

· Address UL data/control and control/control resource collision by:

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].




This topic has been discussed in RAN2 for two meetings but few progress has been achieved. The key reason for this situation is that the RAN1 and RAN2 issues are interleaved with each other, so it is difficult to make agreements in RAN2 before RAN1 discussion.

In this contribution, we try to provide a way forward to split the work between RAN1 and RAN2 to progress this topic.
2. Discussion
First, regarding it is PHY or MAC to handle intra-UE prioritization/multiplexing, we have observed that companies have different understanding for the PUSCH/PUSCH case and PUSCH/SR case. For the PUSCH/SR case, during the email discussion [106#56][IIOT] SR vs PUSCH prioritization, it seems that majorities are fine to submit the deprioritized MAC PDU to PHY to allow PHY to do prioritization/multiplexing even though MAC have already been aware that this MAC PDU is deprioritized compared to the overlapped SR PUCCH. However, for the PUSCH/PUSCH case in the email discussion [106#53][IIOT] Handling of overlapping PUSCH grant prioritization, the views from companies have been diverged severely on whether MAC should do prioritization first or MAC should anyway submit the deprioritized MAC PDU to PHY.
A key reason in the case of PUSCH/PUSCH overlapping where some companies are not willing to submit the deprioritized MAC PDU to PHY is that it is mostly likely that the transmission of this MAC PDU would be failed anyway. Although as agreed the deprioritized MAC PDU would be stored in HARQ buffer, the network has difficulty to know if there is a MAC PDU generated in HARQ buffer for the deprioritized PUSCH especially for configured grants. It could end up that the network has to schedule retransmission for each deprioritized grant. We also agree that this would introduce too much overhead from the network point of view.

However, if we adopt the MAC based prioritization solution, there could still be cases that the UE submits the de-prioritized MAC PDU to PHY if the prioritized data or grant arrives after the submission of the deprioritized MAC PDU. On the other hand, for the case of PUCCH/PUSCH overlapping, the motivation to submit deprioritized MAC PDUs to PHY is to allow PHY to do multiplexing taking into account the transmission of PUSCH. If prioritization is performed at MAC first, the PHY is not able to see all PUSCH transmission (see Figure 1) and may not be able to make an optimal decision. 
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Figure 1 PUCCH overlaps with more than one PUSCHs 
All in all, we think a unified solution is a preferable way forward which could simplify the discussion and benefit the progress, but at the same time we should also address the transmission/retransmission issue of those deprioritized MAC PDU in HARQ buffer. By taking into account all aspects, we would like to propose the following way forward and work split between RAN1 and RAN2:
Proposal 1: MAC will generate a MAC PDU for each UL grant and deliver the MAC PDU to PHY with the priority of the MAC PDU.

Proposal 2: The prioritized SR will be instructed to PHY together with the priority of the SR.

Proposal 3: It is up to RAN1 to discuss the handling of the MAC PDU and SR delivered to PHY by taking into account the priority information provided by MAC.
Proposal 4: it is up to RAN2 to determine the priority of the MAC PDU and SR.

Proposal 5: RAN2 to define a solution to handle the deprioritized MAC PDU without requiring the network to schedule retransmission for each deprioritized configured grant.
Proposal 6: Send an LS to RAN1 to notify this work split for intra-UE prioritization/multiplexing.

For the solution to handle the deprioritized MAC PDU, a solution is provided in our paper [3]. An LS to RAN1 has been prepared in [4].
3. Conclusion
In this contribution, we provide a way forward for work split between RAN1 and RAN2 for intra-UE prioritization and multiplexing, to progress this topic better.
Proposal 1: MAC will generate a MAC PDU for each UL grant and deliver the MAC PDU to PHY with the priority of the MAC PDU.

Proposal 2: The prioritized SR will be instructed to PHY together with the priority of the SR.

Proposal 3: It is up to RAN1 to discuss the handling of the MAC PDU and SR delivered to PHY by taking into account the priority information provided by MAC.

Proposal 4: it is up to RAN2 to determine the priority of the MAC PDU and SR.

Proposal 5: RAN2 to define a solution to handle the deprioritized MAC PDU without requiring the network to schedule retransmission for each deprioritized configured grant.
Proposal 6: Send an LS to RAN1 to notify this work split for intra-UE prioritization/multiplexing.

4. Reference
[1] Report for email discussion [106#56][IIOT] SR vs PUSCH prioritization , QC.

[2]
Email discussion summary [106#53][IIOT] Handling of overlapping PUSCH grant prioritization 
[3] R2-1910363
Handling of de-prioritized MAC PDU due to intra-UE prioritization, Huawei, HiSilicon.

[4] R2-1910361
Draft LS on work split between RAN1 and RAN2 for intra-UE prioritization and Multiplexing, Huawei, HiSilicon.

