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1 Introduction
Specification of UCI multiplexing on PUCCH/PUSCH is ongoing in Rel-15 and is irrespective of eMBB or URLLC traffic types. In this paper, we provide some considerations about possible enhancements for UCI multiplexing to improve NR URLLC operation.
2 Discussion
URLLC operational scenarios can be categorized into two cases, namely UEs supporting URLLC-only traffic and mixed mode UEs i.e. those supporting URLLC and non-URLLC traffic. Solutions supporting either category can be considered.
2.1 Considerations for UEs configured for URLLC-only traffic
To ensure reliability of UCI transmission for URLLC operation, one possibility is to disable multiplexing of HARQ-ACK and CSI in the same PUCCH. Note that enabling/disabling joint transmission of HARQ-ACK and CSI is already provided by the higher layer parameter simultaneousHARQ-ACK-CSI.
Secondly, it is noted that the lowest maximum code rate specified in 38.331 for PUCCH formats 2/3/4 is 0.08 whereas the lowest coding rate considered in CQI reporting for target BLER of 10-5 is around 30/1024. To avoid UCI on PUCCH having worse performance compared to UL-SCH transmitted on PUSCH, a lower maximum code rate for PUCCH should be defined for URLLC. The most straightforward approach is to increase the range of values in the higher layer parameter PUCCH-MaxCodeRate defined in 38.331.
Proposal 1: Improve performance of UCI multiplexing on PUCCH for URLLC by introducing even lower maximum code rates for PUCCH formats 2/3/4 commensurate with supporting a target reliability of 1 - 10-5.
Regarding UCI multiplexing on PUSCH, it may be possible to indicate whether or not UCI should be multiplexed on PUSCH. For example, when PUSCH collides with PUCCH carrying P-CSI and the PUSCH resource allocation is limited, the gNB may indicate that the P-CSI is dropped.  Rather than semi-static configuration, dynamically indicating whether UCI is transmitted on PUSCH is preferable as it can then depend on how the scheduler provisions PUSCH resources. For example, one value in the set of configured beta-offsets can be set to 0 to indicate there is no UCI on PUSCH. Alternatively, 1 bit can be added in DCI to indicate whether UCI is transmitted on PUSCH. 
Furthermore, we can limit the resources allocated to UCI for a PUSCH transmission by an appropriate upper bound. For instance, the range of the higher layer parameter scaling, can be increased by adding smaller values.
Proposal 2: Dynamically indicating whether UCI is transmitted on PUSCH carrying URLLC traffic can be enabled explicitly by DCI or by adding smaller values to the higher layer parameter scaling.
2.2 Considerations for UEs configured for mixed URLLC and non-URLLC traffic
For UEs that can be configured for a mix of URLLC and non-URLLC data reception/transmission, differentiated solutions for UCI multiplexing may also be considered. However, to achieve this goal, there should be mechanisms in place to identify data with different reliability requirements (e.g. URLLC versus eMBB). Some options to distinguish traffic with different reliability requirements are:
1) Determine DL traffic type based on the configured CQI or MCS table.
2) For dynamic switching between different traffic types, introduce a new field in DCI to indicate the scheduled traffic type;
3) Traffic type can be indicated based on the search space where the PDCCH scheduling DL assignment or UL grant is received.
4) Configure different RNTI for different traffic types. Note that this is already supported for distinguishing DL SPS or UL configured grants from dynamically scheduled traffic.
Proposal 3: For UEs supporting a mix of traffic with different reliability requirements introduce a scheduling mechanism to differentiate the traffic types.
For URLLC UCI, gNB should try to avoid scheduling UCI corresponding to URLLC traffic from colliding with UL channels corresponding to non-URLLC traffic. However, since URLLC UCI is latency sensitive, it should be transmitted as soon as possible. Then, for example, it is possible that the gNB cannot time division multiplex URLLC PUCCH with a non-URLLC PUCCH. If such a collision occurs, UCI corresponding to URLLC should be prioritized.
Proposal 4: UCI corresponding to URLLC should be prioritized if it collides with UL channels corresponding to non-URLLC traffic.
For mixed UCI types multiplexing on URLLC PUSCH, dynamically indicating whether UCI is transmitted on PUSCH carrying URLLC traffic should be considered. Furthermore, UCI dropping rule should be defined in this case if there are multiple kinds of UCI that need to be transmitted.
Proposal 5: UCI dropping rule should be defined for mixed UCI type multiplexing on URLLC PUSCH.
3 Conclusions
This contribution provided some analysis on UCI transmission for URLLC. Based on the discussion, we have the following proposals. 
Proposal 1: Improve performance of UCI multiplexing on PUCCH for URLLC by introducing even lower maximum code rates for PUCCH formats 2/3/4 commensurate with supporting a target reliability of 1 - 10-5.
Proposal 2: Dynamically indicating whether UCI is transmitted on PUSCH carrying URLLC traffic can be enabled explicitly by DCI or by adding smaller values to the higher layer parameter scaling
Proposal 3: For UEs supporting a mix of traffic with different reliability requirements introduce a scheduling mechanism to differentiate the traffic types.
Proposal 4: UCI corresponding to URLLC should be prioritized if it collides with UL channels corresponding to non-URLLC traffic.
Proposal 5: UCI dropping rule should be defined for mixed UCI type multiplexing on URLLC PUSCH.
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