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1 Introduction
RAN1 started a study item on physical layer enhancements for NR URLLC. It is expected that a UE may support simultaneous URLLC and eMBB service. In this contribution, we discuss UCI prioritization of URLLC service over eMBB UCI/uplink transmission. An analysis of UCI content and how multiplexing UCIs of different service requirements impact the URLLC performance is presented.
2 Discussion

URLLC requirements for downlink transmission support a BLER target of 10-5. Such requirement on downlink transmissions are impacted also by the transmission reliability of uplink control information associated with URLLC transmissions. For example, having unreliable HARQ-ACK feedback may result in high probability of NACK-to-ACK error or high probability of ACK missed detection. In our companion contribution [3], we propose to use different PUCCH resource for HARQ-ACK feedback associated with URLLC service.
Parallel to RAN1 URLLC study, RAN2 will start studying NR industrial IoT which includes new uses cases such as factory automation and transport industry. As mentioned in our RAN2 contribution [4], several use cases to be supported in Rel-16 require the support of simultaneous transmission of URLLC and eMBB. Consequently, multiple UCI instance with different reliability requirements can occur at the same slot. In this case, multiplexing the multiple UCIs of different services in one PUCCH or PUSCH will impact the performance of URLLC. For example, if the UE is configured with dynamic HARQ-ACK codebook to carry both URLLC feedback and eMBB feedback, the reliability of the codebook will be impacted given that determining the codebook size relies on successfully decoding of DCIs of both eMBB and URLLC. One option could be that the UE transmits URLLC UCI in different resource than eMBB URLLC to meet the configured BLER target of URLLC, and in case of overlapping prioritize URLLC over eMBB.
To be able to prioritize a UCI transmission, a UE needs to be aware of the UCI content’s priority. The UE can either autonomously determine the priority (e.g. based on the LCH associated to the SR transmission) or needs some indication from the network to determine the priority. In the following sections, we give some analysis on how the UE can determine the priority of UCI.
2.1 HARQ-ACK and SR priority of URLLC
In order for the UE to determine the priority of a given A/N feedback i.e. whether the feedback is associated with URLLC service or not, an association between CORESET or search space and the priority of HARQ feedback can be used. For example, the CORESET ID or search space ID can reflect the HARQ-feedback priority of a TB scheduled by the CORESET or search space. The priority can be in increasing order i.e. CORESET 0 has the highest priority and CORESET 11 is the lowest priority. Another option could be to determine the priority based on the RNTI scheduling the transport block. In the last meeting, RAN1 agreed to introduce a new RNTI for URLLC in order to dynamically indicate which MCS table to be used. The new RNTI can be used to determine the priority of the feedback
Proposal 1:
Support prioritization of URLLC HARQ-ACK feedback over eMBB HARQ-ACK feedback.
In NR, a UE can be configured with multiple SR resources. Each logical channel maps to at most one SR configuration. Uplink transmissions with similar service requirements can be associated to logical channels of the same SR configuration. The UE selects SR resource based on the SR configuration configured for the logical channel that triggered SR. The SR PUCCH resource for URLLC is expected to be configured with shorter periodicity, and using short PUCCH format i.e. PUCCH format 0. The UE can be also configured with other PUCCH resources for HARQ A/N, CSI report and for eMBB SR. In the last RAN1#92bis meeting, it was agreed as working assumption that the UE multiplex all UCIs on either one PUCCH or one PUSCH if the timeline requirement is satisfied. According to the agreements, if two resources with same first symbol, the UE select the PUCCH resource with longer duration within the slot. In such case, the URLLC SR transmission will be delayed due to the duration of PUCCH and thus may impact the latency of the URLLC service. 
Proposal 2:
Support prioritization of URLLC SR transmission over other PUCCH/PUSCH transmission.
2.2 URLLC CSI report priority

In NR Rel-15, a UE can be configured with N≥1 CSI-ReportConfig and each CSI report configuration includes a BLER target configuration. In the RAN1#92bis meeting, it was agreed that the two BLER targets that are configurable for URLLC for CSI reporting are (10-1,10-5). The target value of 10-5 is configurable only for URLLC services. If the gNB configures such value to the UE, the UE will determine that the corresponding CSI report is linked to URLLC service and thus should be treated with high priority compared to other CSI report configuration. We note that NR already supports a CSI report priority but it does not consider the URLLC priority.
According to the latest specification version of 38.213, when the UE multiplexes the HARQ-ACK/SR and CSI in PUCCH, and if the configured PUCCH resource cannot include all the configured CSI reports, the UE selects 
[image: image1.wmf]reported

CSI

N

 CSI report(s) in ascending priority order. The priority associated with a CSI report is given by the following equation:
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The smaller Pri value is considered as high priority. As explained in the previous sections, in our view CSI reports of URLLC services should be prioritized over the CSI reports of eMBB services. Given that Equation (1) includes a parameter s which is the ReportConfigID of the CSI report configuration, one option to prioritize the URLLC CSI reports is to configure the URLLC report with lowest ReportConfigID. Another option could be to add a new parameter to reflect the service requirement of URLLC.
Proposal 3:
A UE prioritizes CSI reporting configured with a BLER target of 10-5 over other CSI report configuration. 

3 Conclusion

In this contribution, we discussed different aspects of URLLC UCI prioritization and we proposed the following:
Proposal 1:
Support prioritization of URLLC HARQ-ACK feedback over eMBB HARQ-ACK feedback.
Proposal 2:
Support prioritization of URLLC SR transmission over other PUCCH/PUSCH transmission.
Proposal 3:
A UE prioritizes CSI reporting configured with a BLER target of 10-5 over other CSI report configuration. 
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