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1. Introduction
In this contribution, PUCCH resource allocation is discussed. So far, following relevant agreements were achieved [1] - [2]:
	Agreements at RAN1 AH:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing

Agreements at RAN1#88:
· 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

Agreements at RAN1#88:
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 
· This applies at least for following.
· PDCCH to PDSCH time difference
· PDCCH to PUSCH time difference
· PDSCH to PUCCH time difference
· FFS: timing relations during random access procedure.
· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration




2. PUCCH resource allocation
2.1. DCI indication
It was agreed that the PUCCH resource for short-PUCCH includes time, frequency, and when applicable, code domains. As for PUCCH resource in time-domain, there are following options:
· PUCCH resource is defined as frequency-/code-domains and symbol index of a given time range.
· Option 1: Time-range is one or multiple symbols of a given multiple of slots.
· Option 2: Time-range is one or multiple symbols of a given slot.
· Option 3: Time-range is one or multiple symbols of a given multiple of mini-slots.
· Option 4: Time-range is one or multiple symbols of a given mini-slot.
Option 3 and option 4 are for the case where the UE is configured with mini-slot operation. Here, we focus on option 1 and option 2.
For option 1, the given time-range (multiple of slots) can be fixed in the specification or configured by higher layer signaling. As long as the time-range is wide enough, HARQ-ACK feedback timing is indicated as part of the PUCCH resource and hence, specific DCI field for HARQ-ACK feedback timing indication is not necessary. The PUCCH resource indicator indicates on which symbol(s) of which slot the UE shall transmit the HARQ-ACK. This way enables efficient PUCCH resource indication in case where the candidate PUCCH resources configured by higher layer are not equally split among symbols on different slots.
For option 2, the given time-range (i.e., one of the slots) should be indicated by another DCI field such that HARQ-ACK feedback timing is flexible enough. Depending on UE capability, possible values of HARQ-ACK feedback timing would be different. On the other hand, if the PUCCH resource is determined by the symbol index of a given slot, the PUCCH resource indexing in frequency-/code-domains (and time-domain in a given slot) can typically be common among UEs. The separate indications for the time-range (i.e., HARQ-ACK timing) and PUCCH resource could ease the PUCCH resource management for gNB. Besides, for some cases, HARQ-ACK feedback timing can be fixed or semi-statically configured while PUCCH resource indication should still be dynamic (e.g., FDD). With defining the two indications in separate fields and making the fields configurable independently, DCI overhead can easily be adjusted.
There could be a middle between option 1 and option 2, in which the given time-range is multiple of slots, and the starting position of the time-range is indicated by the DCI. The exact PUCCH resource is also indicated by the DCI, which is determined by the starting position of the time-range.
Among the above three mechanisms, current our slight preference is option 2 or option 3, while it is too early to fix the DCI fields for now. 
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(c) Middle between option 1 and option 2.
Fig. 1	Some options for PUCCH resource indication.

Proposal 1:
· Exact indication signaling of PUCCH resource is determined taking into account following aspects:
· PUCCH resource management by gNB
· DCI overhead
· Commonality for PUCCH resource indication for long-PUCCH and short-PUCCH

2.2. Implicit indication
For LTE, PUCCH resource is determined as a function of the first CCE index of the PDCCH scheduling the PDSCH in implicit manner. This could save the DCI overhead while PUCCH resource collision can be avoided unless spatial multiplexing is supported. This works well due to the fact that (1) all UEs scheduled at the same timing share the same PDCCH region/resource set and the same CCE indexing and (2) each CCE is occupied by up to 1 PDCCH (i.e., no spatial multiplexing of multiple PDCCHs).
For NR, on the other hand, (1) UEs may be configured with different control resource sets and hence the CCE indexing may not be aligned among UEs, and (2) at least from forward compatibility viewpoint, excluding MU-MIMO for PDCCH does not make sense. Therefore, using the first CCE index of the PDCCH for PUCCH resource determination would not be feasible for NR. Besides, CCE index-based PUCCH resource allocation requires gNB scheduler to take into account efficient multiplexing of DL control channels and UL control channel at the same time, which complicates the scheduler behavior. Therefore, it is preferable not to couple CCE index of the PDCCH and a PUCCH resource. Similarly, other implicit linkage, e.g., PDSCH resource index and PUCCH resource, would also complicate the scheduler and would makes it difficult to realize efficient multiplexing for the linked channels. In general, the most preferable way is to indicate the PUCCH resource without implicit linkage of other channels. If there is the case where the dedicated PUCCH resources are unknown to the UE, the PUCCH resource determination can be done by the combination of system information and DCI field; system information provides the set of PUCCH resources used for the group of UEs, and the DCI indicates one of the set. However, it is not clear in which case this is necessary.
Proposal 2:
· Implicit PUCCH resource allocation is not supported.
· For HARQ-ACK feedback,
· Higher-layer signaling delivers a set of PUCCH resources.
· DCI indicates one PUCCH resource from the set delivered by higher-layer.
· For the other UCIs,
· Higher-layer signaling delivers a PUCCH resource.

3. Conclusion
In this contribution, PUCCH resource allocation is discussed and following proposals were made.
Proposal 1:
· Exact indication signaling of PUCCH resource is determined taking into account following aspects:
· PUCCH resource management by gNB
· DCI overhead
· Commonality for PUCCH resource indication for long-PUCCH and short-PUCCH
Proposal 2:
· Implicit PUCCH resource allocation is not supported.
· For HARQ-ACK feedback,
· Higher-layer signaling delivers a set of PUCCH resources.
· DCI indicates one PUCCH resource from the set delivered by higher-layer.
· For the other UCIs,
· Higher-layer signaling delivers a PUCCH resource.
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