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Introduction
In LTE, a few formats of physical uplink control channels (PUCCHs) were specified for SR/HARQ-ACK/CSI feedback. This contribution discusses the design aspects of NR UL control channels.
For the control channel structure design, basic frame structure should be taken into account. In RAN1 #85, the following agreements were made on the frame structure design for NR [1]. 
Agreements in RAN1 #85:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay
Design criterions for UL control channel (NR PUCCH)
In LTE, uplink control information (UCI) is transmitted either by PUCCH or PUSCH. LTE PUCCH has multiple formats for supporting transmission of scheduling request, HARQ-ACK, CSI feedback, and their combinations. PUCCH resources are allocated in each edge of the system bandwidth in order to guarantee a large contiguous frequency resource for PUSCH (due to single-carrier transmissions) and frequency diversity gain for PUCCH. Inside the PUCCH region, the exact PUCCH resource is implicitly mapped from the PDCCH resource or explicitly configured by DCI or RRC signaling. A PUCCH is transmitted using the whole 1ms subframe duration and multiple UEs can share the same resource by utilizing orthogonal sequences (code division multiplexing) or different cyclic shifts of a Zadoff-Chu sequence.
A candidate TDD frame structure being considered in RAN1 is illustrated in Figure 1, which contains DL data channel transmission that occupies large portion of the slot, UL control channel that occupies remaining small portion of the slot, and guard time between two channels. 
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Figure 1: potential NR frame structure based on RAN1#85 agreements

Given the above frame structure, only small portion of the slot can be utilized for the transmission of NR PUCCH, e.g., 1 or 2 OFDM symbol(s). Therefore, NR PUCCH should take the different design approach compared to LTE PUCCH for which one whole subframe is used. Inside one symbol, multiplexing of multiple PUCCHs should be considered. In LTE, a number of RBs in each edge of the system bandwidth are reserved for PUCCH and multiple PUCCHs of one RB size are multiplexed inside the reserved resources using FDM and CDM. For NR, considering TDM is not anyway possible, FDM can be the baseline. Furthermore, if the number of information bits is not large for NR PUCCH, e.g., HARQ acknowledgement, CDM could be also considered to improve both frequency diversity and multiplexing capacity. We also need to consider the DMRS design for NR PUCCH. In LTE, DMRS was multiplexed with PUCCH in TDM manner. However, by the same argument in PUCCH multiplexing, FDM could be the baseline and CDM can be considered.

Proposal 1: NR PUCCH is transmitted in the last part of a slot
Proposal 2: FDM and/or CDM are considered for NR PUCCH multiplexing including DMRS

One of the most important aspects for an uplink control channel is the coverage. Normally, uplink transmission is the bottleneck for network coverage. Also, the uplink control channel is more critical than the data channel since there is no HARQ operation. So far, this contribution assumed that NR PUCCH occupies very short time interval as shown in Figure 1. However, if the transmission duration of the uplink control channel is shortened, its coverage will be reduced. And if we consider the larger sub-carrier spacing, e.g., 30kHz or 60kHz, coverage reduction can be more serious. The coverage loss by shortening PUCCH time duration is analyzed in Table 1.
	
	LTE PUCCH (1 ms)
	NR PUCCH (1 OFDM symbol)

	subcarrier spacing
	15kHz
	15kHz
	30kHz
	60kHz

	transmission time interval
	1ms
	0.071 ms
	0.036ms
	0.018ms

	coverage loss
	0 dB (reference)
	-11.5dB
	-14.5dB
	-17.5dB


Table 1: Coverage analysis of uplink control channels
From the design perspective that NR should support at least the same coverage of LTE or even larger coverage than LTE as discussed in [4], NR PUCCH of 1 or 2 symbol-length duration may not be sufficient. We may need supplemental NR PUCCH for the case that coverage is limited. This supplemental channel should occupy sufficient number of symbols within a slot to provide required coverage. 

Proposal 3: Support configuration of NR PUCCH transmission duration within a slot, e.g., long and short, to provide required coverage of uplink control information.

An additional design issue for uplink control signaling is how to indicate the NR PUCCH resources. In LTE, the exact PUCCH resource is implicitly mapped from the PDCCH resource or explicitly configured by DCI or RRC signaling. Unlike LTE where HARQ timing is fixed, NR HARQ timing can be dynamically and/or semi-statically indicated to a UE as RAN1#85 agreements below [1]. 
Agreements in RAN1 #85:
· At least the following is supported for NR frame structure 
· Following timing relationships are indicated to a UE dynamically and/or semi-statically
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission

According to the agreements, implicit mapping between resources for DL assignment (NR PDCCH) and UL acknowledgement (NR PUCCH) may not work correctly. Explicit signaling via DCI can indicate the NR PUCCH resources much flexibly but it may increase DCI overhead. 
Proposal 4: Tradeoff between indication flexibility and DCI overhead should be considered for NR PUCCH resource indication.
Conclusions
This contribution discusses the design aspects for NR uplink control channels and proposes following proposals.

Proposal 1: NR PUCCH is transmitted in the last part of a slot
Proposal 2: FDM and/or CDM are considered for NR PUCCH multiplexing including DMRS.
Proposal 3: Support configuration of NR PUCCH transmission duration within a slot, e.g., long and short, to provide required coverage of uplink control information
Proposal 4: Tradeoff between indication flexibility and DCI overhead should be considered for NR PUCCH resource indication
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