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Background
Fast HARQ-ACK feedback is essential to provide ultra-reliability with retransmission of URLLC PDSCH. In RAN1 #95, it was agreed that multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. 
In this contribution, we present our views on how to support multiple PUCCH for HARQ-ACK within a slot, especially on PUCCH resources allocation and HARQ-ACK timing indication aspects.
PUCCH format enhancements for URLLC
The PUCCH for HARQ-ACK feedback of URLLC PDSCH should be more reliable than the URLLC PDSCH transmission. Otherwise, the HARQ-ACK feedback would be meaningless. Therefore, some enhancements should be specified to increase the PUCCH reliability for HARQ-ACK feedback of URLLC traffic to at least 10^-5 or 10^-6. 
Allocating more resources is a straightforward way to increase the PUCCH reliability. And the PUCCH resource parameters for URLLC should be enhanced to provide the desired reliability. For example
· More PRB allocation and lower maximum coding rate
Compared with a fixed single PRB for PUCCH format 0, 1 and 4 in Rel-15, the enhanced ultra-reliable PUCCH format 0/1/4 can be configured with more than one PRBs. For PUCCH format 2 and 3, more PRBs can be allocated for a PUCCH for URLLC feedback than a PUCCH for eMBB feedback. Similarly, the maximum coding rate for a URLLC PUCCH should be much lower than that of a PUCCH for eMBB PDSCH HARQ-ACK feedback.
· Transmit diversity and higher transmit power
An enhanced PUCCH for URLLC may be configured with transmit diversity (TxD) to allow PUCCH transmissions on two antenna ports, each using a separate PUCCH resource. Moreover, the ultra-reliable PUCCH can be configured with a higher transmit power than a normal PUCCH format for eMBB. 
These techniques can be configured independently or jointly for a PUCCH for URLLC to satisfy the BER requirements. 
Proposal 1: Compared with PUCCH for eMBB, a PUCCH for URLLC can be configured with more PRB allocations, lower coding rate, transmit diversity and higher transmit power, etc.
Low latency PUCCH resource configuration
Since URLLC has different reliability and delay requirements from eMBB. The HARQ-ACK feedback PUCCH resources for URLLC should be configured separately from the resources for eMBB with different set of parameters. The PUCCH resources for URLLC HARQ-ACK feedback should use an ultra-reliable PUCCH format with low-latency allocations in time domain.
In current NR PUCCH resource allocation, only a single starting symbol position in a slot is configured for a PUCCH resource. For URLLC PUCCH, some enhancements can be considered to support multiple PUCCH transmissions within a slot. For example,
· Method 1: Reuse existing PUCCH configurations 
A URLLC PUCCH resource may be represented by a set of PUCCH resources with the same format but different starting symbols in a slot. 
· Method 2: Periodic PUCCH resource allocation
Similar to SR configuration, periodic PUCCH resources may be configured with a PUCCH format and a short periodicity, e.g. every 2 symbols, 4 symbol or 7 symbols.
· Method 3: LTE sTTI concept may be extended to NR URLLC. 
A subslot structure can be configured for a UE for PUCCH resource allocation. In this case, at least a seven 2-symbol subslot, and a two 7-symbol subslot structure should be specified. Additionally, a 2 and 4 symbol structure can also be supported. With this method, the PUCCH resource can be configured at subslot level instead of slot level. One or more PUCCH resources sets can be configured within each subslot with different formats and/or payload ranges.
All methods above can provide multiple PUCCH transmissions in a slot. RAN1 should further study detailed settings and signalling of URLLC PUCCH resource configuration considering signalling overhead and specification impacts. 
Proposal 2: Enhanced PUCCH resource configuration should be specified for URLLC to allow multiple PUCCH transmissions in a slot. 
Number of PUCCH transmissions for HARQ-ACK in slot 
There is a trade-off between the allowed number of PUCCH transmissions and PUCCH resource overhead. If more PUCCH transmissions are allowed in a slot, more PUCCH resources need to be reserved, potentially lower latency can be achieved for the HARQ-ACK feedback. If less PUCCH transmissions are allowed in a slot, less PUCCH resources can be configured, with slightly higher latency for the HARQ-ACK feedback.
Theoretically, if 1-symbol short PUCCH is configured for HARQ-ACK feedback of URLLC PDSCH transmission, up to 14 PUCCH transmission may happen in a slot. However, it is not necessary to have PUCCH resource in every symbol or subslot because the PDSCH transmission and processing time have to be considered into a HARQ transmission and retransmission cycle. Practically, 2 to 4 HARQ-ACK feedback on PUCCH within a slot is sufficient. 
Therefore, it is better to limit the maximum number of PUCCH transmissions in a slot based on the URLLC latency requirements. 
· For PUCCH resource configuration Method 1 and Method 2 above, this can be achieved by limiting the number of starting symbols or the periodicity of PUCCH resources. 
· If subslot based PUCCH configuration is employed, the PUCCH resources can be configured in a subset of subslots in a slot instead of all subslot. 
Besides the reduced PUCCH resource overhead, limiting the number of PUCCH transmissions for HARQ-ACK in a slot can also provide better UE multiplexing capabilities. For example, the PUCCH resources for different UEs may be configured in different subset of symbols or subslots in a slot.
Different number of PUCCH transmissions for HARQ-ACK in a slot may be specified based on the numerology of the UL bandwidth for PUCCH transmissions. For example, if the subcarrier space (SCS) is 15 kHz, 3 or 4 PUCCH transmissions in a slot may be configured. If the SCS is 60 kHz, 1 or 2 PUCCH transmissions in a slot may be sufficient. For SCS of 120 kHz or 240kHz, one PUCCH resource in 2 consecutive slots may be enough.
Proposal 3: The maximum number of PUCCH transmission for HARQ-ACK should be limited based on numerology of the UL BWP for PUCCH transmission and latency requirements. 
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Depends on the PUCCH resource allocation methods, different methods may be considered to determine the HARQ-ACK feedback timing and the PUCCH resource for HARQ-ACK reporting of URLLC PDSCH transmissions.
In NR, HARQ-ACK timing is explicitly indicated in DCI by the PDSCH-to-HARQ-timing indicator field. For URLLC scheduling, the PDSCH-to-HARQ-timing indicator has to be re-interpreted with smaller granularity, e.g. at symbol level or subslot level. 
A symbol level indication implies that a PUCCH may start from any symbol in a slot. This may limit the PUCCH formats that can be configured for the HARQ-ACK feedback. Especially, if a PUCCH resource cannot be allocated across slots, only 1-symbol PUCCH may be used to satisfy the required flexibility of symbol level indication. Thus, symbol level HARQ-ACK timing indication provides unnecessary complexity and overhead for PUCCH resource indication. 
A subslot level indication is preferred if the PUCCH resource is configured with a subslot structure. The LTE sTTI methods can be largely reused in this case. However, a reference subslot duration should be determined first. If subslot is configured for PUCCH resource configuration, the subslot duration can be determined by the PUCCH subslot duration for HARQ-ACK timing indications. On the other hand, the UE may require different processing time based on the duration of a PDSCH transmission. Thus, the PDSCH HARQ-ACK timing is determined based on the PDSCH duration, similar to LTE sTTI design on DL HARQ-ACK timing indication.
Regardless which method is used to determine the HARQ-ACK timing, the actual PUCCH resource to be used for HARQ-ACK reporting is closely related to the HARQ-ACK resource allocation methods. Since there are multiple PUCCH resource positions in a slot, the indicated timing may not align with the starting position of a configured PUCCH resource. And the earliest available PUCCH resource satisfying the indicated HARQ-ACK timing should be used. 
The explicit indication provides more flexibility on HARQ-ACK timing especially if PUCCH resource is available in every symbol or subslot. On the other hand, for URLLC, it is always desirable to report the HARQ-ACK as early as possible, especially if PUCCH resources are configured with fixed symbol locations, e.g. with a period PUCCH resource or in a subset of subslots. Therefore, the PDSCH-to-HARQ-timing indicator field may not be useful for URLLC since the HARQ-ACK should be reported on the earliest available PUCCH resource anyway. 
Therefore, if a compact DCI is supported for URLLC PDSCH scheduling, the PDSCH-to-HARQ-timing indicator field may be removed from the DCI. In this case, the UE may determine the HARQ-ACK timing based on the processing time requirements and/or UE capability, etc. In general, the HARQ-ACK timing can be determined implicitly, and the earliest PUCCH resource that satisfied the processing time requirements should be used.
Proposal 4: Both explicit and implicit HARQ-ACK timing and PUCCH resource determination can be supported, e.g. based on the PUCCH resource configuration method and/or PDSCH scheduling DCI format.
Conclusion
In this contribution, we first discussed the potential techniques to enhance PUCCH reliability for URLLC HARQ-ACK feedback. Followed by the methods for PUCCH resource allocation within a slot, and the corresponding HARQ-ACK timing and PUCCH resource determination aspects. We propose

Proposal 1: Compared with PUCCH for eMBB, a PUCCH for URLLC can be configured with more PRB allocations, lower coding rate, transmit diversity and higher transmit power, etc.
Proposal 2: Enhanced PUCCH resource configuration should be specified for URLLC to allow multiple PUCCH transmissions in a slot. 
Proposal 3: The maximum number of PUCCH transmission for HARQ-ACK should be limited based on numerology of the UL BWP for PUCCH transmission and latency requirements. 
Proposal 4: Both explicit and implicit HARQ-ACK timing and PUCCH resource determination can be supported, e.g. based on the PUCCH resource configuration method and/or PDSCH scheduling DCI format.
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