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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
This contribution relates to open issues with PUCCH resource allocation. In the previous RAN1 meetings, the following agreements related to short PUCCH were made [4][5]:
Agreements: [4]
· 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).

· 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

· 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

Agreements: [5]
· 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.
2	Discussion
As said, the delay between DL data (PDSCH) reception and acknowledgement transmission in UL is indicated by a field in the DCI from a set of values configured by higher layer. This provides the slot timing for HARQ-ACK resources.

Another agreement is that 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’. This provides an indiction scheme at least for frequency and time domain resouces on long and short PUCCH formats.

Based on the discussion above, there seems to be sufficient agreements in place already to define PUCCH resource allocation for HARQ-ACK in the case of slot based scheduling. However, the exact formats for short PUCCH and long PUCCH must be agreed in order to progress further with PUCCH resource allocation details in the NR.

Observation #1: PUCCH resource allocation solution for slot based scheduling is in place already
One of the open issues with PUCCH resource allocation relates to the caes where the dedicated PUCCH resources are unknonw to the UE. This kind of scenario could happen e.g. after initial access before RRC connection has not yet been established. We think that there could be a default cell-sepcfic PUCCH resource set available for these cases. We think that implicit determiniation is not a good approach for this scenario: it results in excessive resource consupmption, added system complexity and creates scheduler restictictinos when combined with dynamic HARQ timing. The same arguments hold for implicit resource allocation in general: we don’t see a need for implicit HARQ-ACK resource allocation in the NR. 
Proposal #1: Define a defalut set of values for PUCCH HARQ-ACK resources, for the case when the resources are unknown to UE.
Proposal #2: Implicit HARQ-ACK resource allocation is not supported in the NR.

Another open item related to PUCCH resource allocation relates to the scenario where a PUCCH resource of a given UE within a slot (i.e. short-PUCCHs of different UEs) is TDM’ed within the given duration in a slot. We think that this aspect should be covered as part of the mini-slot design since it has connection to the mini-slot length as well as the mini-slot starting position. 
Flexible TDD combined with variable mini-slot length implies also variability in the timing for HARQ. To cope with that variability and to enable maximum flexibility we propose to tell the UE in which symbol(s) in a slot to transmit HARQ feedback, i.e. to have symbol-level granularity for the HARQ-ACK timing-related signaling.
Proposal #3: In the case of mini-slots, resolution for HARQ-ACK timing-related signaling should be in units of OFDM symbols.

In order to manage the signaling overhead for related to HARQ-ACK with symbol-level granularity, we propose a signaling solution using two delay parameters as information elements, where:
·  denotes the total signaled timing offset
·  denotes a first delay parameter in units of slots (= 1)
·  denotes a second delay parameter in units of OFDMA symbols e.g. counted from the first symbol of the slot (= 4)
An example is depicted in Figure 4.
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Figure 1. HARQ-ACK timing in the case of mini-slots.

Proposal #4: Define HARQ-ACK delay for mini-slots based on two delay parameters: one in the unit of slots, and another in the unit of OFDM symbols.

3	Conclusions
In this contribution we have discussed open items related to PUCCH resource allocation in the NR. Based on the discussion, we make the following observations and proposals:
Observation #1: PUCCH resource allocation solution for slot based scheduling is in place already

Proposal #1: Define a default set of values for PUCCH HARQ-ACK resources, for the case when the resources are unknown to UE.
Proposal #2: Implicit HARQ-ACK resource allocation is not supported in the NR.
Proposal #3: In the case of mini-slots, resolution for HARQ-ACK timing-related signaling should be in units of OFDM symbols.
Proposal #4: Define HARQ-ACK delay for mini-slots based on two delay parameters: one in the unit of slots, and another in the unit of OFDM symbols.
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