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1 Introduction
In RAN1#86bis, UL control channel design for NR was discussed with following agreements:
Agreements:
· For UL control channel in short duration,
· 1 symbol duration of a slot is supported.

· FFS: a few symbol duration of a slot is supported.

· Mechanism enabling frequency-diversity is supported.
Agreements:
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
In this contribution, we share our views on the design of NR uplink control channel.
2 Discussion
2.1 Time duration

The time duration of uplink control channel directly impacts the uplink coverage. For poor coverage UEs, uplink control channel transmitted in longer time duration can achieve better detection performance. On the other hand, for good coverage UEs, uplink control channel transmitted in shorter time duration can improve system efficiency. Therefore, multiple time durations of NR uplink control channel should be supported.
From the gNB perspective, short uplink control channels are transmitted on the last OFDM symbols in a slot. However, from a UE perspective, the symbol(s) used to transmit the short uplink control channel may not be the last OFDM symbol(s) in a slot. As shown in Figure 1, the gNB receives uplink control channels on the last two symbols. For UE A, the control channel is transmitted on the second last symbols in slot n.
Since flexible frame structure, dynamic HARQ-ACK timing and carrier aggregation are supported in NR, the HARQ-ACK payloads for one UE may be significantly different in different slots. Hence, the time duration of uplink control channel should be dynamically changed in different slots, in order to adapt to the fast change of channel condition and the feedback payload. As shown in Figure 1, for UE A, 1-symbol control channel is transmitted in slot n, and 2-symbol control channel is transmitted in slot n+1.
Proposal 1: Multiple time durations of uplink control channel are supported, and the time duration can be dynamically changed.
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Figure 1 Dynamic configured the time duration of uplink control channel
2.2 Multiplexing 
Similar as LTE PUCCH, multi-user multiplexing in a same PRB for NR uplink control channel should be supported. Furthermore, to achieve higher system efficiency, NR uplink control channels with different time durations can be multiplexed on the same resource. As shown in Figure 1, in slot n, 2-symbol Control channel A and 1-symbol Control channel B are multiplexed in the last symbol.
Proposal 2: Uplink control channels with different time durations can be multiplexed on the same resource.
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Figure.1 Short uplink control channels
2.3 Channel structure
To support dynamic change of time duration and multi-user multiplexing, 1-symbol channel structure can be extended to support multiple-symbol channel structure.
When longer time duration is configured to a UE to improve the coverage of uplink control channel, the same information bits are repeated on the different symbols.

On the other hand, when longer time duration is configured to a UE to transmit UCI with lager payload, the different information bits are transmitted on the different symbols.

Proposal 3: 1-symbol channel structure can be extended to support multiple-symbol channel structure at least for HARQ-ACK transmission.
3 Conclusions
In this contribution, we show our views on the design of NR uplink control channel with following proposals:
Proposal 1: Multiple time durations of uplink control channel are supported, and the time duration can be dynamically changed.
Proposal 2: Uplink control channels with different time durations can be multiplexed on the same resource.
Proposal 3: 1-symbol channel structure can be extended to support multiple-symbol channel structure at least for HARQ-ACK transmission.
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