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Introduction
During RAN#88e meeting, RAN WG agreed with an updated WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR, including the following objective [1]:
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
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 document, we discuss potential enhancements for UCI multiplexing on PUSCH in order to efficiently handle traffic with different priorities. 
Enhanced UCI multiplexing on PUSCH
In Rel-16 NR [2], low priority HARQ-ACK and/or SR is always cancelled if a corresponding PUCCH resource overlaps with a high priority PUSCH. Cancellation of eMBB HARQ-ACK information and delay of an eMBB SR transmission would make a negative impact on the eMBB performance within a UE. Hence, one potential area of intra-UE multiplexing enhancement is to enable multiplexing of the low priority HARQ-ACK and/or low priority SR into the high priority PUSCH, whenever possible. 
Observation 1: In Rel-16 NR, low priority HARQ-ACK and/or SR is always cancelled if a corresponding PUCCH resource overlaps with a high priority PUSCH. 
Observation 2: Cancellation of eMBB HARQ-ACK information and delay of an eMBB SR transmission would make a negative impact on the eMBB performance within a UE.
Multiplexing of low priority SR or HARQ-ACK with/without SR
If a UE is indicated to multiplex a semi-persistent or aperiodic CSI report into a high-priority PUSCH that overlaps with a low priority PUCCH including positive SR information (e.g. eMBB SR) and the UE would transmit on a serving cell the high priority PUSCH without UL-SCH, to minimize impact to low priority eMBB  multiplexing of the UE's semi-persistent or aperiodic CSI report and low priority (e.g. eMBB) SR information (additionally eMBB HARQ-ACK information, if included in the low priority PUCCH) into the high-priority PUSCH without UL-SCH should be supported and may not transmit the low priority PUCCH. Since UL-SCH is not included in the high priority PUSCH, decoding performance of the PUSCH payload may not be impacted significantly, as long as the number of the low priority SR or SR/HARQ bits is small. Similarly, low-priority HARQ-ACK without SR can be multiplexed into the high priority PUSCH without UL-SCH, if the overlapping occurs.  
For example, if gNB explicitly indicates UE not to include UL-SCH (e.g. an UL-SCH indicator field in DCI format 0_1 is set to 0), gNB may perform decoding of the semi-persistent or aperiodic CSI report assuming that eMBB SR information (i.e. indication of positive or negative SR) is multiplexed in the high priority PUSCH. If the UE is also due for HARQ-ACK reporting with the overlapping low-priority PUCCH, gNB may take into account potential existence of eMBB HARQ-ACK in the high priority PUSCH. In this case, the UE may apply spatial bundling of eMBB HARQ-ACK in the high priority PUSCH irrespective of harq-ACK-SpatialBundlingPUSCH setting for the high priority PUSCH, in order to reduce the number of required resource elements for multiplexing the low priority SR and HARQ-ACK with or without SR in the high priority PUSCH. 
Proposal 1: In Rel-17 NR, support multiplexing of low priority SR, SR/HARQ-ACK, or HARQ-ACK without SR into a high priority PUSCH without UL-SCH. 
Enhanced rate matching of UCI in PUSCH

[bookmark: _GoBack]If multiplexing of low priority UCI into a high priority PUSCH is enabled, a UE may apply a small scaling value for the variable , for example, in the equation shown below, to determine a smaller the maximum allowed number of coded modulation symbols per layer for UCI. 

For example, for HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows [3]:

	.
For case of high priority UCI, the UE may apply a larger scaling value to determine a larger maximum allowed number of coded modulation symbols per layer to improve reliability of the high priority UCI. . 

Proposal 2: Support configuring more than one scaling value for the variable , to determine the maximum allowed number of coded modulation symbols per layer for UCI, based on an applicable UCI priority.  
Conclusion
In summary, we observe and propose the followings for intra-UE multiplexing enhancement for Rel-17 IIoT/URLLC:
· Observation 1: In Rel-16 NR, low priority HARQ-ACK and/or SR is always cancelled if a corresponding PUCCH resource overlaps with a high priority PUSCH. 
· Observation 2: Cancellation of eMBB HARQ-ACK information and delay of an eMBB SR transmission would make a negative impact on the eMBB performance within a UE
· Proposal 1: In Rel-17 NR, support multiplexing of low priority SR, SR/HARQ-ACK, or HARQ-ACK without SR into a high priority PUSCH without UL-SCH. 
· 
Proposal 2: Support configuring more than one scaling value for the variable , to determine the maximum allowed number of coded modulation symbols per layer for UCI, based on an applicable UCI priority.  
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