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1 Introduction
In TSG-RAN#88e plenary meeting, the scope of WID on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was defined [1]. 
The detailed objectives of the Work Item are:

1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]

· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]

Note: DMRS-based CSI feedback is not in scope of this WI 

2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
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 
4. Enhancements for support of time synchronization:

a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]

b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]

5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 

The intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 was agreed to be studied in the new WID on support of NR URLLC. This contribution discusses the detailed design on intra-UE multiplexing of traffic with different priority. 
2 Discussion on intra-UE multiplexing
In Rel-16, due to lack of WI time, dropping the transmission with lower priority without multiplexing the low-priority transmission is supported. The scope of intra-UE collision handling in Rel-16 was limited only considering prioritization of the high priority channel over the low priority channel. There are clear benefits considering multiplexing UCI with different priorities without bringing performance degradation in terms of the latency and the reliability. As Rel-16 uses only prioritization in handling colliding traffic with different priorities where the lower priority channel might be dropped, it results in an inefficient way of handling the collision, e.g. dropping HARQ-ACKs for multiple eMBB PDSCH would lead to retransmission of multiple large PDSCH. 
The intra-UE multiplexing such as multiplexing of UL signals/channels with different priorities can improve the system efficiency. In order to improve the eMBB service efficiency, which is essential for an operator to deploy URLLC applications in a carrier shared with eMBB, the enhanced collision handling mechanisms, such as multiplexing of eMBB/URLLC traffics, should be considered in Rel-17. With multiplexing, optimization for high priority UCI in terms of reliability and latency could be considered. 

In case to handle intra-UE multiplexing for the resource conflict between control channels, if multiplexing of HARQ-ACKs for eMBB and URLLC onto a single PUCCH is allowed, the maximum allowable code rate can be independently configured for eMBB and URLLC HARQ-ACKs, and the final payload can be adjusted by suppressing eMBB HARQ-ACK or enlarging URLLC HARQ-ACK. For the multiplexing rule with processing timeline check, if timeline check is satisfied, multiplexing can be done with using maximum code rate per service/traffic type. 
Once a PUCCH for URLLC HARQ-ACK overlaps with a PUCCH for eMBB HARQ-ACK, URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed into one channel if the multiplexing condition and requirement are satisfied. However, conditions on Rel-15 for multiplexing of uplink channels may need to be enhanced. From the URLLC protection perspective, dropping other eMBB UCI can have a severe impact on the performance. On other hand, always using multiplexing may cause negative impact to URLLC UCI. As a trade-off, a rule to the existing timeline can be specified to enable limited multiplexing between URLLC UCI and eMBB UCI. The key principle is to guarantee the latency and reliability of URLLC UCI transmission, and hence the rule can be based on the location of PUCCH resources. 
Proposal 1: Intra-UE multiplexing of UL signals/channels should be considered in terms of reliability and latency.
In case of collision of UL control and data resources, whether/how to allow multiplexing of UCI and PUSCH need to be further investigated. UCI piggyback decreases the REs for UL data and has a negative impact on its reliability. Compared to eMBB UL data, the impact gets larger for URLLC UL data due to limited times of potential retransmission. For example, if carrying eMBB HARQ-ACK just needs a few resources in URLLC PUSCH and the timeline condition of multiplexing UCI on PUSCH is met, i.e. the impact on reliability and latency of URLLC data transmission is negligible, then it is not worth taking extra effort to retransmit the corresponding eMBB TBs due to the dropped eMBB HARQ-ACK transmission. Hence, multiplexing UCI on PUSCH if some conditions are met is a preferable way to handle the collision between PUCCH and PUSCH with different priorities.
The beta-offset is used to adjust the number of resources for the UCI transmission and to enhance the reliability of the UCI transmission on PUSCH [2]. The lowest value of beta-offset is 1. A large beta-offset can be used to allocate more resources for the UCI transmission and hence the reliability may not be degraded. For URLLC data transmission, since the eMBB UCI may have a large payload size and the existing beta-offset value is not smaller than 1, piggybacking eMBB UCI on URLLC PUSCH may consume too much resource. Hence even when the timeline is satisfied, piggyback eMBB UCI on URLLC PUSCH would reduce the transmission reliability of the URLLC data. It is expected to design a new multiplexing rule to enable the beta-offset smaller than 1, to enable a small number of resources allocated for UCI.
Proposal 2: Beta-offset smaller than 1 should be considered to enable a small number of resources allocated for UCI.
3 Conclusions

In this contribution, we discuss intra-UE multiplexing of traffic with different priority. Based on the discussions, proposals are given as follows.
Proposal 1: Intra-UE multiplexing of UL signals/channels should be considered in terms of reliability and latency.
Proposal 2: Beta-offset smaller than 1 should be considered to enable a small number of resources allocated for UCI.
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