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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #88 meeting, some agreements on PUCCH resource allocation and indication were reached [1].
Agreements:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
In this contribution, we discuss considerations for UCI transmission for URLLC, including potential resource allocation issue of multiplexing UCI for URLLC and eMBB.
Discussion
For URLLC, in addition to reliability of PDCCH and PDSCH, reliability of UCI transmission is also of great importance. Errors of UCI for URLLC may severely impact the performance. When miss detection of HARQ-ACK happens, retransmission is performed which increases latency. When NACK-to-ACK error happens, RLC-level retransmission is required which results in even greater latency. Hence, mechanisms for enhancing reliability of UCI transmission should be used. Several candidate mechanisms for enhancing reliability of UCI transmission includes following.
Repetition
Repetition in time can be utilized for UL power limited UEs. From current agreements, PUCCH for UCI up to two bits supports repetition of two times by using 2-symbol short PUCCH. Repetition in frequency can also be considered for non-power limited UE.
Frequency hopping
Frequency diversity is an important aspect for increasing reliability. Frequency hopping is supported for 2-symbol short PUCCH with localized PRB allocation. For URLLC use case, it is more likely there is only one HARQ-ACK bit to feedback. Therefore, with possible one bit SR, up to two bits UCI can be transmitted with sequence based short PUCCH using one PRB with frequency hopping between the 2 symbols.
Transmit diversity
Transmit diversity is also an important aspect for enhancing reliability of UCI transmission. SORTD is used for PUCCH transmit diversity in LTE, where two antenna ports uses different time, frequency or code resources. The same scheme can be used for PUCCH in NR.
Lower code rate
Lower code rate requires more resources. More generally, schemes that require more resources can be considered. For 1-symbol/2-symbol short PUCCH for UCI up to two bits, longer sequence using more than one PRB can be considered. Long PUCCH format can also be used if latency requirement is not so stringent. From current agreements, LTE PUCCH format 1-like long PUCCH can be used for UCI up to two bits. To ensure reliability of UCI for URLLC, it should be further studied whether the number of multiplexing UE on the same time frequency resource should be limited.
If CSI is transmitted with HARQ-ACK, UCI of more than 2 bits can be transmitted on more than one PRB after encoding using 1-symbol/2-symbol PUCCH. If latency requirement can be met, long PUCCH with moderate multiplexing capability can also be used. It is not yet clear the lowest allowed code rate and the multiplexing capability for these PUCCH formats. It should be further studied the reliability that can be achieved by these PUCCH format carrying HARQ-ACK and CSI.
Observation 1: To support PUCCH for URLLC, more resources may be required and multiplexing capability may be limited for enhancing reliability of UCI transmission for URLLC.
From the above discussion, more resources may be required for enhancing reliability of UCI transmission. Hence, how to allocate resource for UCI for URLLC is an important issue. Below are some considerations for resource utilization.
Multiplexing PUCCH for eMBB and URLLC
PUCCH resource configuration for eMBB and URLLC on the same resources may result in insufficient PUCCH resource for URLLC in some cases, therefore, reserving some PUCCH resource for URLLC may be necessary. For example, if PUCCH resource for eMBB at slot K0+K1 is scheduled by downlink assignment at slot 0, then PUCCH resource at slot K0+K1 for URLLC scheduled by the corresponding downlink assignment at slots between slot 0 and slot K0+K1 can only be the resource that are still not scheduled for eMBB. From the above discussion, to enhance the reliability of UCI for URLLC, it is possible that more resource should be used. However, reserving a lot of PUCCH resources for URLLC is not a very efficient way to utilize the resources. Therefore, a dynamic mechanism to schedule PUCCH for URLLC without impacting PUCCH capacity for eMBB should be considered.
To efficiently multiplex PUCCH for eMBB and URLLC, the PUCCH resource configuration for eMBB and URLLC should be overlapped on some resources. For example, resource for long PUCCH for UCI up to two bits can be configured to eMBB while part of the resource can be configured as resource for short PUCCH to URLLC. The resource for long PUCCH for UCI up to two bits for eMBB can be scheduled to eMBB UEs as needed. However, in case there is need for URLLC UEs to transmit UCI, a downlink control information should be used to preempt part of the scheduled long PUCCH to the eMBB UEs, as shown in Figure 1.
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Figure 1. Preemption of long PUCCH for URLLC

Preempting PUSCH of eMBB for URLLC
Preempting scheduled PUSCH of eMBB UEs for UCI transmission for URLLC UEs can also be considered. For example, a large amount of resources can be configured to URLLC UEs as PUCCH resources, while part of the resources can be scheduled to eMBB UEs for uplink data transmission. In case there is sudden need for the URLLC UEs to feedback UCI, downlink control information can be used to preempt part of the scheduled PUSCH of the eMBB UEs to make room for the URLLC UEs to transmit UCI.

Downlink signaling for preemption indication
There are three types of downlink control information can be considered for preemption indication:
· Group-common DCI: Indication of resource preempted for URLLC uplink transmission can be achieved by preemption indication (PI) as discussed for downlink. Alternatively, SFI can be considered as whether DL/UL scheduling by UE specific DCI can be overwritten by dynamic SFI to unknown is FFS.
· URLLC UE-specific DCI: eMBB UE can be configured to monitor URLLC UEs’ DCI to locate uplink resources scheduled for URLLC UEs, and prevent utilizing these resources for uplink transmission.
· eMBB UE-specific DCI: gNB can modify the PUCCH/PUSCH resource using UE-specific DCI to re-schedule the resource for eMBB UEs, if eMBB UEs can be configured to monitor this DCI for possible re-scheduling.


Proposal 1: Preemption of scheduled uplink resource of eMBB for UCI transmission for URLLC should be considered.
Conclusions
Based on the discussion, we have the following observation and proposal.
Observation 1: To support PUCCH for URLLC, more resources may be required and multiplexing capability may be limited for enhancing reliability of UCI transmission for URLLC.
[bookmark: _GoBack]Proposal 1: Preemption of scheduled uplink resource of eMBB for UCI transmission for URLLC should be considered.
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