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1. Introduction

In RAN1#86bis meeting, the uplink control channel design for NR was started to be studied, and the following agreements are achieved [1],
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
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.
In this contribution, we will further discuss the uplink control channel design based on the agreed short and long duration, and focus on coverage limited scenarios. 
2. Discussion on the requirement for uplink control channel of 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 slot, 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 should enable seamless coverage for NR in macro deployment scenario.
Considering that the deployment frequency band for macro deployment scenario may vary for different regions and different operators, the uplink control channel for NR needs to provide the flexibility and feasibility to support seamless coverage in macro deployment scenario with different frequency bands. For example, due to higher path loss of higher frequency band, e.g., 2.6GHz or 3.5GHz, than lower frequency band, e.g, 700MHz or 900MHz, it is expected that the uplink control channel may require longer time duration for higher frequency band than lower frequency band, especially for scenarios that low frequency band and high frequency band are deployed with similar or same ISD, e.g, co-site case. 
Proposal 2: The uplink control channel for NR needs to provide the flexibility and feasibility to support seamless coverage in macro deployment scenario with different frequency bands.
Considering the flexible slot 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, 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 slot 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 slot. For example, the few symbols in the end of a bi-directional slot 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 3: 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 slots.
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Figure.1 three types of time domain structure of NR
3. Discussion on the design for uplink control channel of NR
In the RAN1#86bis meeting, it was agreed that UL control channel can be transmitted in short duration and long duration. For UL control channel in short duration, 1 symbol duration of a slot is supported, while whether a few symbol duration of a slot is supported or not needs further discussion. In this section, the necessity of supporting a few symbols duration of a slot, and how to support the long duration will be discussed.
Alt1: UL control channel is transmitted in short duration
Bi-directional slot type has an obvious advantage to satisfy low latency requirement of NR, where uplink transmission occupy the last few symbols of each slot, so as to enable fast A/N feedback or fast scheduling of PUSCH in the same slot with UL grant. Uplink control channel of 1 symbol duration is an efficient way to make the fast feedback available. However, we cannot assume that all low latency UEs are in good channel condition, For UEs with bad coverage, or the cases with strong inter-cell interference, such design may suffer from failure of demodulation. Furthermore, for uplink control with large payload size, wider transmission bandwidth is required, which put a much stricter requirement for UE transmission power if only 1 symbol duration control channel are allowed. On the other hand, it is possible that the uplink part of one bi-directional slot can also be used to transmit PUSCH, which means several symbols are available for uplink, then it is not necessary to restrict control channel to 1 symbol duration only. Therefore, a few symbols duration control channel is recommended to be supported to enable fast feedback of UEs with medium coverage condition and fast feedback of control information with large payload size.
Proposal 4: Control channel with a few symbols duration is recommended to be supported, to enable fast feedback of UEs with medium coverage condition and fast feedback of control information with large payload size.
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Figure.2 Illustration of short duration for uplink control channel design
Alt2: UL control channel is transmitted in long duration
For long duration of uplink control information, one natural design is to inherit design principle of LTE, and to allow full uplink slot duration for uplink control channel. 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. However, according to RAN1#86bis agreement, one slot contains at most 14 OFDM symbols, the time duration of a slot 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 slots, for time delay insensitive services, as shown in Fig 3. The slots used for transmitting uplink control can be multiple consecutive uplink slots, see figure 3(a). The transmission resources of uplink control information may also be composed of the uplink parts of several bi-directional slots, see figure 3(b). When there is no uplink resource in some slots, it is also possible for poor UEs to aggregate slots containing uplink resource but located discontinuously in time, see figure 3(c), and the aggregated slots that containing uplink resource can be pure uplink and/or bi-directional slots.
Proposal 5: For uplink control with long duration, single slot duration and multiple-slot duration are recommended to be supported to ensure uplink coverage of uplink control channel.
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Figure.3 Illustration of long duration for uplink control channel design
If the uplink control transmission is allowed to occupy different time duration in one slot, for example, 1 symbol, a few symbols or the whole uplink slot, 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.
For uplink control transmitted in multiple slots, there are also two options,
· Option 1: control information on different slots is transmitted independently. 
Control information on each slot can be self-decoded, bits transmitted on the latter slots can be duplicate version of the first slot or different redundant version. One example is shown in figure.4, control channel are configured to be transmitted by 3 uplink slots, then data d0 transmitted in slot#0 are to be feedback in slot #2, #3 and #4, and feedback information are same in the three slots.
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Figure.4 control information on different slots is transmitted independently.

· Option 2: control information is jointly transmitted on different slots.

In this option, the encoded uplink control information bits are jointly mapping to different slots. The receiver has to receive all the slots so as to decode the control information. As shown in figure.5, the feedback information a0 is encoded or spread to a01a02a03, and mapped to three consecutive slots.
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Figure.5 control information on different slots is transmitted independently.
Since different UEs may have diverse channel conditions and require different time durations of control channel, a UE specific time duration for uplink control channel is beneficial to save overhead while ensure uplink coverage. Under such circumstance, it is necessary to study how to support multiplexing of A/N of different UEs with different time durations to ensure efficiency of resource utilization.
Proposal 6: If the uplink control transmission is allowed to occupy multiple slots, how to design the control channel to ensure coverage while keep low design complexity needs to be 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 should enable seamless coverage for NR in macro deployment scenario.

Proposal 2: The uplink control channel for NR needs to provide the flexibility and feasibility to support seamless coverage in macro deployment scenario with different frequency bands.
Proposal 3: 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 slots.
Proposal 4: Control channel with a few symbols duration is recommended to be supported, to enable fast feedback of UEs with medium coverage condition and fast feedback of control information with large payload size.
Proposal 5: For uplink control with long duration, single slot duration and multiple-slot duration are recommended to be supported to ensure uplink coverage of uplink control channel.
Proposal 6: If the uplink control transmission is allowed to occupy multiple slots, how to design the control channel to ensure coverage while keep low design complexity needs to be studied.
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