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1 Introduction
At the RAN1 NR Ad-Hoc meeting, the following agreements were reached on PUCCH resource allocation [1]:
Agreements
· 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
· FFS: Support of dynamic indication
Agreements (updating RAN1 #87 agreements):

· 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

At the RAN1 #88 meeting, the following agreements were reached on PUCCH resource allocation [2]:
Agreements:
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

· 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

In this paper, we discuss the PUCCH resource allocation for both short PUCCH and long duration PUCCH formats.  
2 Discussion

2.1 Time domain resource allocation
Resource allocation for short duration PUCCH format
Since it was agreed that TDM of short duration PUCCH formats from different UEs in the same slot is supported at least above 6 GHz, there should be a signaling mechanism to indicate the time domain resources assigned to each short duration PUCCH transmission. For simplicity, the time domain resource for P-CSI/SR transmission can be semi-statically configured by high layer signaling. The time domain resource for HARQ-ACK can be dynamically indicated in the DCI scheduling the associated DL assignment with the following possible methods. 
· Method 1: DL DCI indicates both the length and the starting symbol in one slot. This method offers flexibility in resource allocation but requires more DL signaling overhead.
· Method 2: DL DCI indicates the starting symbol or the index of predefined time domain positions in one slot. The length of time domain resource for short duration PUCCH is semi-statically configured by higher layer signaling for each slot.
For HARQ-ACK, whether in addition the slot index should be semi-statically configured or dynamically signaled to a UE depends on the use cases for the short duration PUCCH format. If the short duration PUCCH format is only used for a self-contained slot structure, there is no need to indicate slot index for short duration PUCCH conveying HARQ-ACK. On the other hand, if the short duration PUCCH format can be used for both self-contained and non-self-contained HARQ-ACK feedback scenarios, then the slot index should be either semi-statically configured or dynamically signaled to the UE. 
Proposal 1: The time domain resource of a short duration PUCCH format can be dynamically signaled in the DL DCI scheduling the associated DL data transmission using the following methods:
· Method 1: DL DCI indicates both the length of the short duration PUCCH format and the starting symbol index in one slot.
· Method 2: DL DCI indicates the starting symbol or the index of a predefined time domain position in each slot. The length of the time domain resource is semi-statically configured by higher layer signaling for each slot.
Proposal 2: The time domain resource for a short duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.
Resource allocation for long duration PUCCH
Since it was agreed to support TDM multiplexing between short duration PUCCH and long duration PUCCH at least for different UEs in one slot, there should be a signaling mechanism to indicate the time domain resources assigned to each long duration PUCCH transmission since the long duration PUCCH may not occupy the whole UL region in one slot. For simplicity, the same time domain resource indication method as discussed for short duration PUCCH can be used for long duration PUCCH. Alternatively, a UE can implicitly determine the end of the long duration PUCCH format based on a predefined short duration PUCCH format region in the UL region in one slot. This is similar to shortened PUCCH in LTE in order to transmit SRS but it may result in inefficient resource utilization as a short duration PUCCH may not always be transmitted in the predefined region. When considering the TDM multiplexing between long duration PUCCH and PUSCH, a predefined UL region can be configured to long duration PUCCH format, so as to ensure UE implicitly determine PUSCH region and short duration PUCCH region based on a pre-defined long duration PUCCH format region.
Proposal 3: The time domain resource of a long duration PUCCH format can be indicated with the following methods:
· Method 1: Reuse the time domain resource indication method for short duration PUCCH format.
· Method 2: Determine the end of the long duration PUCCH format implicitly based on a pre-defined short duration PUCCH format region in the UL region in one slot.
· Method 3: Predefine a UL region for long duration PUCCH transmission in each slot.
It was agreed to support a long duration PUCCH spanning multiple slots and allowing a total duration of at least 1ms in some cases. One motivation for this agreement on multi-slot long duration PUCCH is to ensure that NR can provide the same UL coverage as LTE. In this case signaling mechanism should be provided to indicate the number of slots that are occupied by the long duration PUCCH. For long duration PUCCH carrying P-CSI/SR, the number of slots occupied by the long duration PUCCH can be semi-statically configured. For long duration PUCCH carrying HARQ-ACK, the number of slots can be dynamically indicated in the DCI scheduling the corresponding DL assignment. 
Proposal 4: The number of slots for the long duration PUCCH format conveying HARQ-ACK feedback can be indicated in the DL DCI scheduling the corresponding DL assignment.

Proposal 5: The number of slots for a long duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.
2.2 Frequency domain resource allocation
The frequency domain resource for both short duration PUCCH format and long duration PUCCH format can be indicated with two alternatives as follows:
· Alt 1: Different numbers of PRBs are semi-statically configured per-UE by higher layer signaling.
· Alt 2: A set of PRBs with different sizes can be semi-statically configured per-UE by higher layer signaling.  One of configured PRB size is used based on the desired capacity and indicated by the DCI.
Alt 1 is used for more static payload sizes, such as P-CSI/SR feedback. Alt 2 is used when the payload size varies in time, as it was agreed for HARQ-ACK in RAN1#88 meeting. To ensure UE can always obtain PUCCH resource for HARQ-ACK when UE receive at least one DL DCI so as to avoid the fallback to implicit resource as in LTE, the field in the DL DCI which is used to indicate the PUCCH resource should be always existed. The capacity of NR PUCCH could be dynamically adjusted to support different payload sizes.
Proposal 6: The frequency domain resource of both short duration PUCCH format and long duration PUCCH format can be configured by higher layer for P-CSI/SR.

Proposal 7: The indication field for HARQ-ACK PUCCH resource should be always existed in the DCI.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The time domain resource of a short duration PUCCH format can be dynamically signaled in the DL DCI scheduling the associated DL data transmission using the following methods:
· Method 1: DL DCI indicates both the length of the short duration PUCCH format and the starting symbol index.
· Method 2: DL DCI indicates the starting symbol or the index of a predefined time domain position in each slot. The length of the time domain resource is semi-statically configured by higher layer signaling for each slot.
Proposal 2: The time domain resource for a short duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.

Proposal 3: The time domain resource of a long duration PUCCH format can be indicated with the following methods:
· Method 1: Reuse the time domain resource indication method for short duration PUCCH format.
· Method 2: Determine the end of the long duration PUCCH format implicitly based on a pre-defined short duration PUCCH format region in the UL region in one slot.
· Method 3: Predefine a UL region for long duration PUCCH transmission in each slot.
Proposal 4: The number of slots for the long duration PUCCH format conveying HARQ-ACK feedback can be indicated in the DL DCI scheduling the corresponding DL assignment.

Proposal 5: The number of slots for a long duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.
Proposal 6: The frequency domain resource of both short duration PUCCH format and long duration PUCCH format can be configured by higher layer for P-CSI/SR.

Proposal 7: The indication field for HARQ-ACK PUCCH resource should be always existed in the DCI.
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