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1. Introduction

In [1], study on scenarios and requirements for Next Generation Access Technologies has been made, and it is required to support wide range of services to be deployable on a single continuous block of spectrum in an efficient manner. In this contribution, we will provide some considerations on the design of uplink control channel design for NR.
2. Discussion on the uplink control channel design for NR
Considering that one important deployment scenario for NR is the macro deployment scenario, seamless coverage is of vital importance for NR design. Due to transmit power limitation at UE, coverage problem for uplink transmission, especially for the uplink control channel, needs to be carefully studied. If the number of symbols reserved for uplink control channel is small, e.g., the few symbols in the end of a bi-directional time interval, more subcarriers are required to deliver the same payload. For cell-edge UEs, the smaller power density on each subcarrier will bring poorer demodulation performance. Thus such uplink control channel design with short time duration may only applicable to good coverage UEs. For poor coverage UEs, the time domain length for uplink control channel needs to be long enough to ensure energy accumulation in time domain, to guarantee reliable demodulation performance. 

Proposal 1: The uplink control channel for NR is suggested to be designed to enable seamless coverage for NR in macro deployment scenario.

Considering the flexible subframe type for NR, the time domain length for uplink control channel may also be flexible. For the LTE, the PUCCH structure is based on fixed time domain duration, e.g., a subframe length in time domain, and one or multiple PRBs in frequency domain. In addition, the OCC in a PUCCH allows multi-user multiplexing to reduce the overhead of PUCCH. For NR, if the similar design is applied, a fixed time domain duration may be necessary for all UEs, and the time domain duration length needs to be designed to ensure the coverage of the cell-edge UE, which is of low efficiency. In addition, considering that different subframe types might be possible for NR, as shown in Fig. 1, the time domain length of the uplink control is suggested to be flexible to fit into different type of subframes. For example, the few symbols in the end of a bi-directional time interval might be used for uplink control. Considering the different coverage status and delay requirements for different UEs, the time domain length of uplink control channel can be designed to be UE-specific to ensure the performance in an efficient way. 
Proposal 2: The uplink control channel for NR is suggested to be designed with flexible length in time domain and the time domain length of uplink control channel can be UE-specific assigned, to enable high efficiency and fit into different type of subframes.
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Figure.1 three types of time domain structure of NR
To enable flexible time domain length of uplink control channel, the following design alternatives can be considered, which are illustrated in Fig. 2:

· Alt1: The uplink control is limited to the last few number of OFDM symbols
In this alternative, the uplink control is transmitted in the last few number of OFDM symbols as shown in Fig.2, which allows fast feedback of uplink control information, and is one important design to enable NR system to reduce the latency. Nonetheless, as analysed, such design may only applicable for UEs with good coverage. For UEs with bad coverage, or the cases with strong inter-cell interference, such design may suffer from failure of demodulation. 
· Alt2: The uplink control is transmitted in a full uplink transmission subframe
This design alternative inherent the design principle of LTE, to allow uplink control channel occupy a full uplink subframe. Under the same numerology of LTE, and with proper control channel transmission scheme design, the coverage of uplink control channel for NR can be the same or better than LTE. 
· Alt3: The uplink control is transmitted in multiple subframes  
Considering that different numerologies are allowed for NR, and the subframe length is fixed in term of number of OFDM symbols, the time duration of a subframe will be reduced when the subcarrier spacing increases. To ensure good uplink coverage, the time duration for uplink control channel may be necessary to occupy multiple subframes, as shown in Fig 2. The subframes used for transmitting uplink control can be multiple consecutive uplink subframes. The transmission resources of uplink control information may also be composed of the uplink parts of several bi-directional subframes. When there is no uplink resource in some subframes, it is also possible for poor UEs to aggregate subframes containing uplink resource but located discontinuously in time, and the aggregated subframes that containing uplink resource can be pure uplink and/or bi-directional subframes.
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Figure.2 Illustration of alternatives for uplink control channel design
Proposal 3: To enable flexible time domain length of uplink control channel, it is suggested to study the following three alternatives for uplink control channel transmission: 1) limited to the last few number of OFDM symbols 2) transmitted in a full uplink transmission subframe 3) The uplink control is transmitted in multiple subframes.

If the uplink control transmission is allowed to occupy multiple subframes, the following two design options for control channel structure can be further studied:

· Option1: The control channel structure with different time domain duration is designed. Such design needs to pre-define various control channel with all possible length in time domain, and design the corresponding channel coding, resource allocation, hopping pattern, etc.   

· Option2: The control channel structure is designed with one or limited number of fixed time domain durations, and if multiple time durations are allowed, repetition is performed. This design option may save standard efforts by design limited number of uplink control channel structure, but some coding gain may be lost.
Proposal 4: If the uplink control transmission is allowed to occupy multiple subframes, how to design control channel structure to exploit the gain of multiple subframes while with limited standard efforts need to be further studied.
4. Conclusions 
In this contribution, we discuss the uplink control channel design for NR and propose:
Proposal 1: The uplink control channel for NR is suggested to be designed to enable seamless coverage for NR in macro deployment scenario.

Proposal 2: The uplink control channel for NR is suggested to be designed with flexible length in time domain and the time domain length of uplink control channel can be UE-specific assigned, to enable high efficiency and fit into different type of subframes.

Proposal 3: To enable flexible time domain length of uplink control channel, it is suggested to study the following three alternatives for uplink control channel transmission: 1) limited to the last few number of OFDM symbols 2) transmitted in a full uplink transmission subframe 3) The uplink control is transmitted in multiple subframes.

Proposal 4: If the uplink control transmission is allowed to occupy multiple subframes, how to design control channel structure to exploit the gain of multiple subframes while with limited standard efforts need to be further studied.
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