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1 Introduction
In RAN#80 plenary meeting [1], the scope of new SID on physical layer enhancements for NR URLLC was defined. This contribution mainly targets to provide a solution for multiple PUCCHs with HARQ-ACK information in a slot. In the RAN1#95 meeting, it was agreed to support multiple PUCCHs for HARQ-ACK within a slot, but detailed solutions are not defined yet. Regarding on these aspects, RAN1 has made the several agreements and conclusions as follows [2],[3]:
	Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

Conclusion:
For supporting multiple PUCCHs for HARQ-ACK within a slot, companies are encouraged to provide following details when proposing a solution:
· How to separate HARQ-ACK multiplexing windows for different PUCCHs?
· How to indicate the starting symbol of different PUCCHs?
· How to indicate K1, e.g. in unit of slot, half-slot, a number of symbols or symbol?
· How to determine dynamic HARQ codebook?
· How to determine semi-static HARQ-ACK codebook?
· How to configure PUCCH resource sets, e.g. reuse R15 PUCCH resource set configurations or not?
· How to determine PUCCH resource for each PUCCH?
· How to do PUCCH resource overriding for HARQ-ACK multiplexing?
· Maximum number of PUCCH transmissions for HARQ-ACK allowed in a slot?

Agreements:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC


In this contribution, we discuss solutions to support multiple PUCCHs with HARQ-ACK information within a slot. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Multiple PUCCHs with HARQ-ACK information in a Slot
[bookmark: OLE_LINK69]Rel-15 NR supports only one PUCCH with HARQ-ACK information in a slot. A slot transmitting a PUCCH is determined by K1 value in a PDCCH and the PUCCH resource in the slot with HARQ-ACK information is indicated by PRI values in the last detected PDCCH among the detected PDCCHs. In order to support HARQ-ACK multiplexing, two types of HARQ-ACK codebook, namely Type-1 (semi-static) HARQ-ACK codebook and Type-2 (dynamic) HARQ-ACK codebook, are defined in TS38.213 [4]. If a UE uses a single PUCCH within a slot to transmit a HARQ-ACK codebook, it would incur large feedback delay. Based on this motivation, RAN1 agreed that Rel-16 URLLC supports more than one PUCCH with HARQ-ACK information within a slot. By selecting a PUCCH resource according to its latency and reliability requirement, it can ensure stringent latency requirement of URLLC services.
In the last RAN1#95 meeting, the following options to support more than one PUCCH for HARQ-ACK within a slot are discussed. 
Alt 1. Finer K1 granularity
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Figure 1. Example of Finer K1 granularity
In this option, the granularity (base unit) of K1 values is reduced to half slot or group of symbols. If half-slot granularity is used as shown in Figure 1, the Rel-16 URLLC UE can indicate two PUCCHs within a slot, where one PUCCH can be started from the first half slot and another PUCCH can be started form the second half slot. A half-slot transmitting a PUCCH is determined by K1 value in a PDCCH and the PUCCH resource in the half-slot with HARQ-ACK information is indicated by PRI values in the last detected PDCCH among the detected PDCCHs.
One advantage of this option is that it reuses Rel-15 rules such as HARQ-ACK codebook construction rule and PUCCH resource determination rule with minimal modifications. However, as the granularity of the K1 value decreases, the DCI overhead of the K1 value would increase. Also, when a UE is configured with a semi-static HARQ-ACK codebook, the HARQ-ACK multiplexing windows of each PUCCH in a slot are nearly overlapped (the PDSCH candidates are included in almost all PUCCHs in a slot), which would result in the limited PUCCH coverage. Another drawback is that it is hard to distinguish two codebooks for eMBB and URLLC services. As agreed in the last RAN1 #AH1901 meeting, it is supported to collect HARQ-ACK information according to service types. If the finer K1 values are used in both eMBB DCI and URLLC DCI, then it may not be possible to identify service types of PDSCHs. 
· Proposal 1: Do not support the finer K1 value to identify a HARQ-ACK codebooks in Rel-16 URLLC.
Alt 2. PDSCH group indicator
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Figure 2. Example of PDSCH group indicator
In this option, the PDSCH group indicator informs a UE of which PUCCH to multiplex the HARQ-ACK information of the PDSCH. For example, in Figure 2, HARQ-ACK information of PDSCHs with the PDSCH group indicator of 0 is multiplexed in one PUCCH and the HARQ-ACK information of PDSCHs with the PDSCH group indicator of 1 are multiplexed in another PUCCH. The PUCCH resource for each PDSCH group indicator may be determined by applying Rel-15 rules separately. That is, the PUCCH resource for PDSCH group indicator i may be determined by the PRI value from the last detected PDCCH with PDSCH group indicator i. One advantage of this option is that eMBB HARQ-ACK and URLLC HARQ-ACK can be distinguished and carried by different PUCCHs corresponding to different PDSCH group indicators. Therefore, the appropriate code rate in each PUCCH format would be configured to achieve different latency and reliability.
The problem is how to determine the semi-static HARQ-ACK codebook. Without modifying the semi-static HARQ-ACK codebook construction rule, PUCCHs within a slot have the same size HARQ-ACK codebook which would result in high UCI overhead. In this regard, further studies are needed to reduce size of semi-static HARQ-ACK codebook. Also, if it is agreed to support N PUCCHs in a slot, then the bit-size of the PDSCH group indicator is ceil(log2(N)). If up to 14 PUCCHs in a slot are supported, 4 bits are required. Thus, this option would not be suitable as N increases. To address such a high overhead, several options are discussed. For example, PUCCH resource allocation related information (i.e. K1, PRI, etc) and PDSCH resource allocation related information (K0, TDRA including SLIV, symbol length, MCS, etc) may be used to implicitly indicate PDSCH group indicator. 
· Proposal 2: Support the PDSCH group indicator to identify a HARQ-ACK codebooks in Rel-16 URLLC.
· FFS: explicit or implicit indication 
· FFS: How to construct semi-static HARQ-ACK codebook
Alt 3. Codebook-less transmission (HARQ-ACK multiplexing indicator)
[image: ]
Figure 3. Example of HARQ-ACK multiplexing indicator
Even if HARQ-ACK codebook is an efficient way to multiplex HARQ-ACK information for multiple PDSCHs, the usage of HARQ-ACK codebook is quite limited when considering a URLLC packet are small size (tens or hundreds byte) and has a bursty nature. Since the semi-static HARQ-ACK codebook results in high UCI overhead even when a single PDSCH is received, it would be better to use codebook-less transmission for some URLLC service. 
· Proposal 3: Even if the semi-static HARQ-ACK codebook is configured, the codebook-less transmission should be supported in Rel-16 URLLC. 
· The codebook-less transmission is to report HARQ-ACK information for a single PDSCH without multiplexing other PDSCHs.
In order to support the codebook-less transmission, we can introduce the 1-bit HARQ-ACK multiplex indicator notifying a UE whether the HARQ-ACK information of the PDSCH is multiplexed in the codebook. In other words, if the UE detects PDCCHs with the HARQ-ACK multiplex indicator of 1, the HARQ-ACK information of the PDSCHs scheduled by PDCCHs is multiplexed, but if the UE detect a PDCCH with the HARQ-ACK multiplex indicator of 0, then the HARQ-ACK information of the PDSCH scheduled by the PDCCH is not multiplexed and transmitted in a separate PUCCH. 
Compared to the PDSCH group indicator, the main difference of this option is that only one PUCCH in a slot contains a HARQ-ACK codebook and the other PUCCHs only contain HARQ-ACK information of a single PDSCH. The motivation of this option is that events to multiplex HARQ-ACK information of multiple URLLC PDSCHs rarely occur due to sporadic URLLC traffic characteristics. 
One advantage of this option is that it does not make any semi-static HARQ-ACK codebook related issues that Alt 1 and Alt 2 generates since only one PUCCH contains the semi-static HARQ-ACK codebook. In addition, up to 14 PUCCHs in a slot can be supported with using the 1-bit HARQ-ACK multiplexing indicator. From this point of view, this option is better than two options, the finer K1 granularity and the PDSCH group indicator.
· Proposal 4: If it is not necessary to multiplex URLLC HARQ-ACK information of PDSCHs, then introduce the HARQ-ACK multiplexing indicator to support more than one PUCCH with HARQ-ACK information within a slot.
· The 1-bit HARQ-ACK multiplex indicator notifies a UE whether the HARQ-ACK information of the PDSCH is multiplexed in the codebook

3 Conclusion
In this contribution, the three solutions, the finer K1 granularity, the PDSCH group indicator, and the HARQ-ACK multiplexing indicator were discussed, and the following was proposed
· Proposal 1: Do not support the finer K1 value to identify a HARQ-ACK codebooks in Rel-16 URLLC.
· Proposal 2: Support the PDSCH group indicator to identify a HARQ-ACK codebooks in Rel-16 URLLC.
· FFS: explicit or implicit indication 
· FFS: How to construct semi-static HARQ-ACK codebook
· Proposal 3: Even if the semi-static HARQ-ACK codebook is configured, the codebook-less transmission should be supported in Rel-16 URLLC. 
· Proposal 4: If it is not necessary to multiplex URLLC HARQ-ACK information of PDSCHs, then introduce the HARQ-ACK multiplexing indicator to support more than one PUCCH with HARQ-ACK information within a slot.
· The 1-bit HARQ-ACK multiplex indicator notifies a UE whether the HARQ-ACK information of the PDSCH is multiplexed in the codebook
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