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1
Introduction
According to the revised WID of NR IIoT [1], the WI should address the following objectives for Rel-16:

	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 (L1 multiplexing of services of different priority is out of scope):

· 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 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].




In RAN2 #107 [2], it was agreed that only one MAC PDU should be generated when there is sufficient time for the UE to handle two or more colliding grant:

	RAN2 #107 Agreements:
· 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



In RAN2 #108 [3], it was further confirmed that the MAC should select one of the conflicting grants for PDU generation based on the priority of LCHs that have data available and can be mapped to these grants. The specific agreements are: 

	RAN2 #108 Agreements:
· For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 



By looking at the agreements listed above, it is clear how the MAC should behave when it has received more than one grants with overlapping resources, when there is no MAC PDU generated at all. However, for the cases where a MAC PDU is already generated for one of the conflicting grants, the corresponding UE behaviour is still undefined. This paper aims to provide our views on this issue. 

In light of L1 grant priority introduced by RAN1 in Rel-16, we have decided in RAN2 #108 to adopt new LCH mapping restriction configurations that takes L1 grant priority into account:

	RAN2 #108 Agreements:
· RRC configures a LCH with one or more allowed L1-priority level values (e.g. in a allowedPriorityLevels list) in LogicalChannelConfig (as in the current LCH restrictions), applied at least for mapping to DG, FFS for CG 




When two conflicting grants have different L1 priority levels, it is clear that the grant with lower L1 priority will be dropped as it is supposed to carry lower priority data in accordance to the new LCH mapping restriction rule. Hence, this paper focusses on resource conflict between grants with the same L1 priority. Also, as we do not expect the gNB to schedule conflicting DGs with the same L1 priority levels in practice. Therefore in this paper we particularly examine the cases wherein at least one grant is a CG resource (e.g. DG v.s CG and CG v.s. CG).
2
Discussion

Consider a case where the MAC has already generated a MAC PDU for a CG occasion and delivered it to PHY for transmission, it subsequently receives another grant (can be either CG or DG) whose PUSCH at least partially overlaps with the previous grant. With the current agreements, so far it is not so clear on how the UE should handle this later grant. When the conflicting grants have different L1 priorities, this is less problematic as the PHY could always drop the low priority PUSCH. Note that we have agreed to introduce LCP restrictions capturing L1 priority in RAN2 #108, so we could anticipate that high priority data should be exclusively mapped to High-Priority grants, and hence we can ensure that high-priority traffics are prioritized in case there is resource collision. Nevertheless, when the conflicting grants have the same L1 priorities and at least one of the colliding grants is a CG, this is rather ambiguous.
Some possible options of the UE behaviours in this particular case may include:
1. Always prioritize the already-generated MAC PDU and drop the later grant.
2. Always prioritize the later grant and cancel the on-going transmission/processing of the already-generated MAC PDU.
3. Compare the highest LCH priority of data that has been mapped to the already-generated MAC PDU, and the highest LCH priority of data that can be mapped to the later grant. Then prioritize the transmission associating to the higher LCH priority.
In addition, another option is that, for collision between DG and CG, we may always prioritize DG, but it is not a good solution in the sense that RAN2 still needs to work on the solution of CG vs. CG.

Obviously, both Option 1 and Option 2 are more deterministic, and hence simpler. Note that for Option 2, the earlier transmission is always interrupted at PHY whenever there is a later grant with overlapping resource, which leads to more intensive processing at the UE side as it may need to cancel on-going transmission quite frequently. Option 1, on the other hand, does not require the UE to stop/cancel the on-going transmission of the existing MAC PDU at all, which is more advantageous in terms of implementation. However, both of these options cannot guarantee that more delay-sensitive traffics (e.g. URLLC) can be prioritized when there is already an on-going transmission, and hence may result in QoS violations.
By comparison, Option 3 is much more flexible, as how the UE handles the later grant is based on data priority comparison. This ensures that transmission of higher priority data (if mapped to the already-generated MAC PDU) will not be interrupted by the lower-priority data and can be transmitted more rapidly (if to be mapped to the later grant) even if there is already some on-going transmission. Hence, from this point of view, we think Option 3 should be adopted as the UE behaviour for intra-UE prioritization when there is already one generated MAC PDU.

Proposal 1: RAN2 to confirm when there is already one generated MAC PDU in resource collision involving at least one CG, the UE should determine if the MAC PDU for the conflicting grant is to be generated and delivered based on LCH priority comparison.
In cases where the data to be carried two conflicting configured grants have the same highest LCH priority, we could follow the earlier agreement in [3] and leave it to UE implementation:
	RAN2 #108 Agreements:

· For CG-CG conflict with equal priority, prioritization is up to UE implementation.




On the other hand, if one of the conflicting grants is a dynamic grant (i.e. for CG v.s. DG collision), and they have data with the same highest LCH priority, we can always prioritize the dynamic grant as in Rel-15.
Proposal 2: When there is already one generated MAC PDU, and the conflicting grants ought to carry data with the same LCH priority, it is up to UE implementation to determine which grant should be prioritized. On the other hand, if one of the conflicting grant is a DG, then DG is always prioritized in this case.
3
Conclusions
This contribution provides our opinions on intra-UE prioritization considering the cases where there is already one generated MAC PDU. The proposals of this paper are:
Proposal 1: RAN2 to confirm when there is already one generated MAC PDU in resource collision involving at least one CG, the UE should determine if the MAC PDU for the conflicting grant is to be generated and delivered based on LCH priority comparison.
Proposal 2: When there is already one generated MAC PDU, and the conflicting grants ought to carry data with the same LCH priority, it is up to UE implementation to determine which grant should be prioritized. On the other hand, if one of the conflicting grant is a DG, then DG is always prioritized in this case.
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