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1. Introduction 
In RAN#88e meeting [1], revised WID for enhanced Industrial Internet of Things (IoT) and URLLC support is approved and the objectives of the Work Item includes intra-UE multiplexing or prioritization of traffic with different priority based on work done in Rel-16:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

In this contribution, we discuss the uplink multiplexing or prioritization behavior among PUCCH(s)/PUSCH(s) with different priorities.
2. Multiplexing HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities
In Rel-16, due to limited time and large workload, when a high priority UL transmission overlaps with a low priority UL transmission in a slot, the UE is expected to cancel the low priority UL transmission with certain processing timeline. However, this leads to significant loss of system efficiency especially in the following scenarios:
· Cancelation of eMBB HARQ-ACK in case of collision with URLLC PUCCH/PUSCH: in order to increase spectral efficiency, HARQ-ACK codebook is supported. Cancelation of eMBB HARQ-ACK codebook would lead to a lot of unnecessary retransmissions of eMBB PDSCH(s) and further decrease system efficiency.
· Cancelation of eMBB PUSCH in case of collision with URLLC PUCCH: considering eMBB packet is usually relatively larger than URLLC packet and occupy more resources so directly drop of eMBB PUSCH would reduce system spectral efficiency.
Therefore, multiplexing of PUCCH(s) and PUSCH(s) for traffic with different priorities should be supported in Rel-17. However, there are many scenarios to be considered as listed in Rel-16, to our perspective, the scenarios which are mentioned above should be studied with higher priority.
Proposal 1: For multiplexing HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, the following scenarios should be studied with higher priority:

· Collision of eMBB HARQ-ACK with URLLC PUSCH/HARQ-ACK/SR

· Collision of eMBB PUSCH with URLLC HARQ-ACK/SR
Below we discuss the prioritized scenarios case by case:
a) Collision of eMBB HARQ-ACK with URLLC PUSCH: as analyzed above, directly drop of eMBB HARQ-ACK codebook would decrease system efficiency, so multiplexing of eMBB HARQ-ACK with URLLC PUSCH should be considered in case that latency and reliability of URLLC PUSCH is not impacted, i.e. beta offset smaller than 1 can be introduced to limit the total REs allocated for eMBB HARQ-ACK, such that enough resources can be reserved for URLLC PUSCH. Moreover, separate configuration of UCI-onPUSCH can be considered to support different priority combinations of HARQ-ACK and PUSCH. 
Proposal 2: Multiplexing eMBB HARQ-ACK on URLLC PUSCH should be supported in R17 and introduce new beta offset values smaller than 1 to limit the total resources assigned to eMBB HARQ-ACK.
b) Collision of eMBB HARQ-ACK with URLLC PUCCH (SR & HARQ-ACK since CSI on PUCCH is always treated as low priority): 
· Collision of eMBB HARQ-ACK with URLLC HARQ-ACK: Multiplexing of HARQ-ACK with different priorities should be considered in Rel-17 by specifying some multiplexing rules or enhancements, i.e. 
i. Latency: if the last symbol of PUCCH resource carrying multiplexed eMBB HARQ-ACK and URLLC HARQ-ACK is not X symbol later than the original PUCCH resource for URLLC HARQ-ACK, the latency of URLLC HARQ-ACK can be considered as guaranteed;
ii. Reliability: the reliability of URLLC HARQ-ACK can be guaranteed by separate encoding and mapping of HARQ-ACK with different priorities with different coding rates;

· Collision of eMBB HARQ-ACK with URLLC SR: Multiplexing HARQ-ACK and SR with same priority is supported in Rel-15 except SR with PUCCH format 0 and HARQ-ACK with PUCCH format 1. For eMBB HARQ-ACK with URLLC SR, the same multiplexing rule can be considered in case that the latency and reliability of URLLC SR is not affected, i.e. the last symbol of PUCCH resource for eMBB HARQ-ACK is not X symbol later than PUCCH carrying URLLC SR and the total REs or code rate of PUCCH carrying eMBB HARQ-ACK is not lower than a pre-defined threshold.
Proposal 3: Multiplexing eMBB HARQ-ACK and URLLC HARQ-ACK/SR in one PUCCH should be supported if the multiplexing rule is met, i.e. the last symbol of PUCCH resource carrying multiplexed eMBB HARQ-ACK and URLLC HARQ-ACK/SR is not X symbol later than the original PUCCH resource for URLLC HARQ-ACK/SR.
Proposal 4: Separate coding and mapping for URLLC HARQ-ACK and eMBB HARQ-ACK when multiplexed on one PUCCH with different coding rates are supported.
c) Collision of eMBB PUSCH with URLLC PUCCH (SR & HARQ-ACK since CSI on PUCCH is always treated as low priority): 
· Collision of eMBB PUSCH with URLLC HARQ-ACK: In Rel-15 when HARQ-ACK is multiplexed on PUSCH, A/N is mapped to the first symbol after DMRS, so the latency of URLLC HARQ-ACK would not be increased in most cases. The code rate of URLLC HARQ-ACK can be adjusted by beta-offset and scaling factor and hence the reliability of URLLC HARQ-ACK can be guaranteed via separate configuration of UCI-onPUSCH for different priority combinations of HARQ-ACK and PUSCH. Therefore, in R17 if multiplexing rule for latency and reliability can be met, multiplex of URLLC HARQ-ACK with eMBB PUSCH should be supported.
· Collision of eMBB PUSCH with URLLC SR: Generally, in case UE obtains PUSCH resource, it needn’t to send a SR to gNB to request UL resource except that the assigned PUSCH resource cannot satisfy the requirement of packet. In this case, multiplexing URLLC SR on eMBB PUSCH needs to be supported and similar mechanism with HARQ-ACK multiplex on PUSCH can be considered.

Proposal 5: Separate configuration of UCI-onPUSCH for different priority combinations of HARQ-ACK and PUSCH are supported.
3. PHY prioritization of overlapping DG-PUSCH and CG-PUSCH of different PHY priorities

PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities has been widely discussed in last RAN1 meeting but no consensus was achieved. Below we separately discuss the collision case of LP DG-PUSCH vs HP CG-PUSCH and LP CG-PUSCH vs HP DG-PUSCH:
Case 1: LP DG vs HP CG:

It is reasonable to assume that MAC layer delivers a MAC PDU corresponding to low priority dynamic grant first and then a HP packet arrives and MAC generates and delivers the MAC PDU with high priority CG afterwards. This case should be supported since there seems not much difference with the case that HP CG-PUSCH cancels LP PUCCH which was already supported in R16. PHY layer is able to make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the low priority PUSCH scheduled by the PDCCH at the latest, from the first symbol that is overlapping with the high priority CG-PUSCH.
Proposal 6: For collision handling between high priority CG and low priority DG, UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the low priority DG-PUSCH at the latest, from the first symbol that is overlapping with the high priority CG-PUSCH.
Case 2: LP CG vs HP DG:

This case is reasonable when the MAC PDU corresponding to the low priority CG is delivered to PHY layer earlier than the MAC PDU corresponding to the high priority DG and the CG-PUSCH and DG-PUSCH resources are overlapping. PHY prioritization should be supported since this case is similar with HP PUCCH to cancel LP CG-PUSCH which was already supported in R16. UE is expected to cancel the overlapping LP CG PUSCH and the cancelation timeline can reuse the timeline defined for the case the high priority channel is dynamically scheduled, i.e. UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
Proposal 7: For collision handling between high priority DG and low priority CG, UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.
4. Conclusions

Based on the above discussions, the proposals are as follows:

Proposal 1: For multiplexing HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, the following scenarios should be studied with higher priority:

· Collision of eMBB HARQ-ACK with URLLC PUSCH/HARQ-ACK/SR

· Collision of eMBB PUSCH with URLLC HARQ-ACK/SR
Proposal 2: Multiplexing eMBB HARQ-ACK on URLLC PUSCH should be supported in R17 and introduce new beta offset values smaller than 1 to limit the total resources assigned to eMBB HARQ-ACK.
Proposal 3: Multiplexing eMBB HARQ-ACK and URLLC HARQ-ACK/SR in one PUCCH should be supported if the multiplexing rule is met, i.e. the last symbol of PUCCH resource carrying multiplexed eMBB HARQ-ACK and URLLC HARQ-ACK/SR is not X symbol later than the original PUCCH resource for URLLC HARQ-ACK/SR.

Proposal 4: Separate coding and mapping for URLLC HARQ-ACK and eMBB HARQ-ACK when multiplexed on one PUCCH with different coding rates are supported.
Proposal 5: Separate configuration of UCI-onPUSCH for different priority combinations of HARQ-ACK and PUSCH are supported.

Proposal 6: For collision handling between high priority CG and low priority DG, UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the low priority DG-PUSCH at the latest, from the first symbol that is overlapping with the high priority CG-PUSCH.
Proposal 7: For collision handling between high priority DG and low priority CG, UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first overlapping symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel.
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