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1.
Introduction

Intra-UE prioritization/multiplexing 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. 
The item was further discussed in the last RAN plenary#85 with the following agreements regarding the scope adjustment [1].

	1. Intra-UE prioritization & multiplexing: Continue work in RAN1 and RAN2, however with the limitation 

that RAN1 would not consider L1 multiplexing of different services in Release 16.


In this contribution, we try to provide a solution for intra-UE prioritization based on the current status.
2. Discussion
2.1
MAC or PHY based prioritization
First, regarding it is PHY or MAC to handle intra-UE prioritization, we have observed that companies have different views for both PUSCH/PUSCH case and SR/PUSCH case in the last meeting which can be summarized as follows. 
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.

The proponents of Option-1 mainly have two concerns about de-prioritized CG handling and system performance of Option-2. More specifically, with adopted 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. This would result in a different UE behaviour from the case where only the prioritized MAC PDU is assembled but NW is not able to differentiate these two cases. 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 
However, given the revised scope endorsed in the RAN plenary above, it is clear that only L1 prioritization behavior is considered for overlapping PUCCH/PUSCH and PUSCH cases, with the deprioritized PUCCH/PUSCH dropped. Therefore, in the case when no PDU has been generated at all, the de-prioritized MAC PDU as the outcome of Option-1 will be eventually dropped and only the PUCCH/PUSCH with the highest priority will be transmitted in L1.  
Observation 1: When no PDU has been generated at all, the de-prioritized MAC PDU once assembled has to be dropped in L1 eventually as a result of L1 prioritization. 
In case MAC has a chance to do prioritization, RAN2 has made agreements where MAC based prioritization has been adopted:
	· For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated
· If an SR was triggered before MAC PDU assembly and PUCCH resource for the SR’s transmission occasion conflicts with UL-SCH resource of the MAC PDU, and the UL-SCH transmission is deprioritized, a MAC PDU will not be generated. (conflict = they cannot both be transmitted)


In other cases where the MAC entity has generated a de-prioritized MAC PDU prior to a prioritized PUSCH or SR, we understand that, the MAC entity has no choice but to generate prioritized MAC PDU of the later grant or indicate SR with higher priority to L1 in order to prioritize URLLC over eMBB. In this case, PHY prioritization will be involved eventually and the following cases can be foreseen:
Case-1: The de-prioritized MAC PDU has not be transmitted yet.
Case-2: The transmission of the de-prioritized MAC PDU has started.
For the Case 1, we understand that PHY may simply drop the de-prioritized MAC PDU which has not be transmitted in L1 if possible. For the Case 2 of an on-going transmission of MAC PDU, whether to pre-empt or to continue the on-going transmission should be determined by RAN1, which is also transparent to MAC. Provided there is another UCI is to be transmitted, we think it is up to RAN1 to perform L1 prioritization between MAC PDU/SR and UCI. Therefore, the priority of the MAC PDU or SR should be delivered from MAC which can be taken into account in PHY for L1 prioritization. 
Observation 2: When a de-prioritized MAC PDU has been generated and delivered to PHY, there are several factors that may affect L1 prioritization including whether the de-prioritized transmission has been started and whether there is another UCI in PHY to be transmitted. 
Proposal 1: In case a de-prioritized MAC PDU has been generated before the transmission of a higher priority PUSCH is triggered, MAC generates the MAC PDU for the prioritized PUSCH.
Proposal 2: In case a de-prioritized MAC PDU has been generated before a higher priority SR is triggered, MAC instructs PHY to signal the SR.

Proposal 3: In case two MAC PDUs or a MAC PDU and an SR have been delivered to PHY, it is up to RAN1 to determine the prioritization of these transmissions.
2.2
Remaining MAC issues of MAC based prioritization
Then, in the following, the remaining issues with respect to MAC behaviour in context of MAC based prioritization shall be further identified and discussed. 
· Handling of overlapping CG with equal priority
How to handle the case of two conflicting grants with equal priority was discussed in the last meeting with a remaining FFS of overlapping CGs as follows,
	· The case of highest priorities of two conflicting grants are equal is handled according to the following: for CG DG conflict, DG is prioritized, other cases FFS to what extent to specify.


If both CG A and B are for initial transmission within the bundles, we understand either one can be prioritized without much difference. This case was discussed in LTE V2X and was decided not to specify it, i.e. up to UE implementation. We believe that the same principle should be reused in NR. However, regarding the case when CG A is for initial transmission while CG B is for retransmission, prioritization of one CG over another one will result in different latency and reliability performance. But it would be difficult to weigh the benefits of two different dimensions for packets with equal quality. Therefore, we slightly prefer to adopt a common rule for all cases of overlapping CGs.
Proposal 4: For overlapping CGs with equal priorities, which one is prioritized over another is up to UE implementation.

· Determination of priority of UL-SCH

In the last RAN2 meeting, MAC based prioritization is agreed based on comparison of priority of SR/PUSCH and PUSCH. However the determination of the priority of the UL-SCH resource is FFS as follows,

	· Priority value of the UL-SCH resource is FFS


If no MAC CE is multiplexed in the MAC PDU, the highest priority of the LCH can be adopted as the priority of the MAC PDU. However, in the cases only MAC CE is included or data is multiplexed with MAC CE in a MAC PDU, how to determine the PUSCH priority needs further discussion in RAN2. More details can be found in [3] and a simple solution shall be considered. 

Proposal 5: The priority of the MAC PDU should take both MAC SDUs and MAC CEs into account.
· Handling of de-prioritized data
A key reason 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 as a result of MAC based prioritization. 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. As analysed in previous subsection, with MAC based prioritization, it is also possible the case that both MAC PDU shall be delivered to MAC and the previous one has to be dropped as a result of L1 prioritization. For the solution to handle the deprioritized MAC PDU, a solution is provided in our paper [4]. 
3. Conclusion
Based on MAC based prioritization, the following observations and proposals are made.
Observation 1: When no PDU has been generated at all, the de-prioritized MAC PDU once assembled has to be dropped in L1 eventually as a result of L1 prioritization. 
Observation 2: When a de-prioritized MAC PDU has been generated and delivered to PHY, there are several factors that may affect L1 prioritization including whether the de-prioritized transmission has been started and whether there is another UCI in PHY to be transmitted. 

Proposal 1: In case a de-prioritized MAC PDU has been generated before the transmission of a higher priority PUSCH is triggered, MAC generates the MAC PDU for the prioritized PUSCH.

Proposal 2: In case a de-prioritized MAC PDU has been generated before a higher priority SR is triggered, MAC instructs PHY to signal the SR.

Proposal 3: In case two MAC PDUs or a MAC PDU and an SR have been delivered to PHY, it is up to RAN1 to determine the prioritization of these transmissions.

Proposal 4: For overlapping CGs with equal priorities, which one is prioritized over another is up to UE implementation.

Proposal 5: The priority of the MAC PDU should take both MAC SDUs and MAC CEs into account.
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