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Discussion and Decision
1
Introduction
In RAN#80, the URLLC L1 study item was approved [1]. The following UCI enhancements was included as one of the objectives:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

In this contribution, we discuss the enhanced HARQ feedback for URLLC, more specifically, the need for a separate HARQ-ACK feedback procedure for URLLC.
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Enhanced HARQ feedback
Currently as specified in TS 38.213, 
· “A UE may transmit one or two PUCCHs on a serving cell in different symbols within a slot of [image: image1.wmf]slot
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 symbols as defined in [4, TS 38.211]. When the UE transmits two PUCCHs in a slot, at least one of the two PUCCHs uses PUCCH format 0 or PUCCH format 2.”

· “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.”
When determining the PUCCH resource, if there are multiple DL assignments pointing to the same slot for HARQ-ACK feedback, the PUCCH resource indicated may be different in these DCIs, but only the one in the last DCI becomes effective and it overrides all the previously indicated PUCCH resource. With this rule, there would be at most one PUCCH carrying HARQ-ACK in a slot.
When one or multiple PUCCH(s) overlap with PUSCH(s), there are rules defined how to multiplex the UCI for transmission.
Note that these aspects had been defined in Rel-15 mostly just for eMBB traffic, without special consideration for URLLC.
In the context of HARQ-ACK feedback for URLLC PDSCH, it means that with Rel-15:

· If HARQ-ACK for URLLC PDSCH occurs in the same slot as HARQ-ACK for other eMBB/URLLC PDSCH, all the HARQ-ACK information will be multiplexed together and transmitted over the PUCCH resource indicated in the latest DL assignment. In addition, HARQ-ACK may also be multiplexed with CSI on the same PUCCH.
· This means larger payload size (sometimes much larger, if CSI is also multiplexed together) compared to the case when only HARQ-ACK bits for URLLC PDSCHs are multiplexed. This reduces the reliability in power limited situation (cell edge).
· If HARQ-ACK for URLLC PDSCH overlaps with PUSCH, HARQ-ACK is multiplexed on PUSCH when certain conditions are met, and the PUSCH may end later than the original PUCCH.
· This could introduce additional latency.

So from both latency and reliability perspective, it is beneficial to lift the restriction on the number of PUCCHs per slot and support a separate or different HARQ-ACK reporting procedure for URLLC. 
Proposal 1: More than one PUCCHs carrying HARQ-ACK is supported in a slot, and more than two PUCCHs are supported in a slot. Exact values FFS.
From the physical layer point of view, it is a good principle to have the operation to be agnostic to the services as much as possible at least in RAN1 specs. A good approach would be e.g. to have one bit in DL assignment to indicate whether the HARQ-ACK feedback for this PDSCH transmission should be handled differently from the Rel-15 procedure.
The special handling may include a few different aspects, e.g.:
· No multiplexing with CSI (as it will greatly increase the payload size) and/or eMBB HARQ-ACK (or the HARQ-ACK bits that follow Rel-15 procedure)
· No multiplexing of HARQ-ACK bits that point to different PUCCH resources within a slot
· No multiplexing on PUSCH

· The prioritization between this PUCCH and other PUCCH(s) in case of overlapping
· The prioritization between this PUCCH and other PUSCH(s) in case of overlapping
· The URLLC PUSCH should also be considered here.

The details should be discussed further.
Proposal 2: Support a separate HARQ-ACK reporting procedure for URLLC. Details FFS.
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Conclusion

To impove the latency and reliability for HARQ-ACK feedback for URLLC, we propose:
Proposal 1: More than one PUCCHs carrying HARQ-ACK are supported in a slot, and more than two PUCCHs are supported in a slot. Exact values FFS.

Proposal 2: Support a separate HARQ-ACK reporting procedure for URLLC. Details FFS.
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