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Introduction
In RAN#87a, the following agreement has been made regarding resource allocation for PUCCH:
· For PUCCH in short-duration
· At least semi-static configuration for the following is supported.
A PUCCH resource of a given UE within a slot.
i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

The following agreement regarding uplink short burst has also been made:
In this contribution, we express our views on resource allocation for PUCCH.
Discussion
In RAN1 # 87a, it has been agreed that at least semi-static resource allocation is supported for PUCCH. With semi-static configurations, the grant overhead may be reduced. However the resources need to be reserved for a very long time. Therefore, Semi-static resource allocation may be efficient for scheduling request (SR) where certain resource needs to be reserved for UEs to initiate UL data transmission, or periodic control information like periodic CQI. To reduce turnaround time for certain high priority UEs, a Buffer status report (BSR) with reduced payload may be transmitted on PUCCH in place of SR. For semi-persistent PDSCH, a semi-static resource allocation for the ACK channel can also reduce grant overhead. On the other hand, UCI like ACK for dynamic PDSCH don’t have a predictable transmission pattern and therefore a semi-static configurations will incur resource waste. It’s better to allocate the resource for dynamic ACK transmission with dynamic resource allocation. In another word, the resource allocation type for PUCCH should depend on its UCI. We therefore have the following proposal:
Proposal 1: resource allocation for PUCCH depends on UCI:
· Support semi-static resource allocation for 
· Periodic CQI, 
· SR, 
· ACK/NACK for semi-persistent PDSCH
· BSR for high priority UEs
· Support dynamic resource allocation at least for 
· ACK/NACK for dynamic PDSCH 

For dynamic allocation of ACK resource, the ACK resource may be implicitly mapped from the starting CCE index of PDCCH similar to LTE to save grant overhead. However in a system with multiple sub-band, a UE may monitor only a particular sub-band. Therefore, if the resource mapping function only depends on starting CCE, two UEs in different sub-bands may be mapped to the same ACK resources leading to collision. To avoid such a collision, the implicit mapping may be sub-band dependent. For example, there may be a unique sub-band offset for each sub-band on top of starting CCE so that different sub-band will be mapped to different ACK resource pools. We therefore have the following proposal:
Proposal 2: Support at least implicit resource mapping from starting CCE of PDCCH to ACK resource. The implicit mapping function should be sub-band dependent. 
When different types of UCI are transmitted simultaneously, resource allocation for PUCCH may also be different types depending on the combinations of UCI. For example, if 1 or 2 bit of ACK to be transmitted together with periodic CQI in long duration, the PUCCH may use CQI resource with ACK piggy backed on CQI similar to LTE. In this case, we may not need to dynamically allocate the resource for ACK if it’s dynamic ACK/NACK.  If the ACK/NACK transmission is for semi-static PDSCH, the semi-static ACK resource for this slot may be freed for other UEs. If more payload of ACK bits are needed, the CQI resource may not be sufficient to transmit the combined UCI, a new resource dynamically allocated may be used which overrides any semi-static resource allocation. The CQI resource or the ACK resource if semi-persistent may then be freed for other UEs for this slot. The new resource may either be completely new RBs different from either CQI resource or ACK resource previously semi-statically allocated, or it may be either CQI or ACK resource extended e.g., with more RBs. Furthermore, combined UCI may need new channel structure different from either CQI or ACK alone transmission. It should also be further studied whether joint coding or separate coding of combined UCI should be applied. 
Proposal 3: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 bit ACK/NACK bits, use CQI resource with ACK piggy backed on CQI 
· For more payload ACK bits, use new resource dynamically allocated 
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In this document, we consider the resource allocation for PUCCH. Semi-static allocation for PUCCH resource may be efficient for periodic UCI including periodic CQI, SR, ACK for semi-persistent PDSCH and BSR for high priority UEs. While dynamic resource allocation is preferred for dynamic ACK, which can also be based on an implicit mapping of starting CCE index of PDCCH similar to LTE. However, to avoid collision, different sub-band should be mapped to different ACK resource pools. When different UCI needs to be transmitted simultaneously, the resource used may depend on UCI combination. For example, for 1 or 2 bits of ACK, the combined UCI may be transmitted in CQI resources similar to LTE while large payload of ACK may be transmitted in new resource dynamically allocated which overrides any semi-static resource allocation. We therefore propose:
Proposal 1: resource allocation for PUCCH depends on UCI:
· Support semi-static resource allocation for 
· Periodic CQI, 
· SR, 
· ACK/NACK for semi-persistent PDSCH
· BSR for high priority UEs
· Support dynamic resource allocation at least for 
· ACK/NACK for dynamic PDSCH 

Proposal 2: Support at least implicit resource mapping from starting of PDCCH to ACK resource. The implicit mapping function should be sub-band dependent. 
 Proposal 3: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 bit ACK/NACK bits, use CQI resource with ACK piggy backed on CQI 
· For more payload ACK bits, use new resource dynamically allocated 
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