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1. Introduction

In RAN1#87 meeting, the following agreements for long duration uplink control channel design for NR was achieved [1],
Agreements:
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases

· FFS the numbers of the slots
In this contribution, we will discuss the design for long duration uplink control channel, including the duration and the way of transmission by multiple slots. 
2. Discussion on the coverage requirement for uplink control channel 
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. Since 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 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 than lower frequency band, it is expected that the uplink control channel may require longer time duration for higher frequency band than lower frequency band to achieve comparable coverage, especially for scenarios that low frequency band and high frequency band are deployed with similar or same ISD, e.g, co-site case. 
Proposal 1: 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 different coverage status of different UEs, it is more flexible and efficient if the time domain length for uplink control channel can be adjusted based on the coverage of UE. For LTE, the PUCCH structure is designed based on fixed time domain duration, e.g., a subframe length in time domain, and one or multiple PRBs in frequency domain. In addition, ACK/NACK repetition is supported by a UE specific higher layer signalling, with the repetition transmitted on the higher layer configured resources. The UE-specific time duration for uplink control is still preferred for NR, so as to ensure the coverage requirement of different UEs without involving too much overhead. Besides, to improve the uplink spectrum efficiency, the UE specific time duration can be also in an OFDM symbol level in addition to the slot level, for example, different UEs may require different number of OFDM symbols in one slot to transmit uplink control channel. Regarding to the signalling, the LTE scheme of higher layer configuration can be started as baseline. In addition, it is suggested to study whether it is necessary to introduce more flexible time duration and resources allocation, e.g, using the downlink control information to indicate. Although more overhead may be introduced, the benefits include flexible resource allocation, and fast adaptation to the channel condition of the UE. To reduce overhead, combination of higher layer signalling and physical signalling can be considered.
Proposal 2: The time domain length of long duration uplink control channel can be UE-specific assigned. Regarding to the signalling, the LTE scheme of higher layer configuration can be started as baseline. In addition, it is suggested to study whether it is necessary to introduce more flexible time duration and resources allocation for the uplink control. 
3. Discussion on the design for long duration uplink control channel
In the RAN1#87 meeting, it was agreed that UL control channel can be transmitted in one slot or multiple slots. In this section, we will discuss how to support the long duration uplink control channel in one slot and multiple slots.
3.1 Single slot uplink control channel design
For single slot uplink control channel transmission, two kind of durations needs to be supported, which are 1) full uplink slot for uplink control and 2) uplink dominant slot for uplink control, as shown in Fig. 1. For the design of single-slot uplink control with the two durations, two options can be considered:

· Option1: The control channel structures are separately designed, including resource allocation, frequency hopping, multi-user multiplexing scheme if supported, DMRS, etc.
· Option2: Unified structure for the two durations, which means that the design of the control channel can be flexibly applied with different number of symbols.   

For Option 1, the benefit lies on its specific design for different uplink duration, while at least two uplink control format may be needed to be designed. For Option 2, how to achieve the unified design while ensure good performance needs further study.
Proposal 3: For the single-slot uplink control channel, both the full uplink slot and uplink dominant slot need to be supported. Further study whether to design two structures or to design a unified structure for the two durations.
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Figure.1 Illustration of two possible single-slot uplink control durations
3.2 Multiple slots uplink control channel design 
For the multi-slot uplink control channel design, three cases shown in Fig 2 are envisioned as possible, which are: 1) The slots used for transmitting uplink control can be multiple consecutive uplink slots, see Fig. 2(a); 2) The transmission resources of uplink control information may be composed of the uplink parts of several bi-directional slots, see Fig. 2(b); 3) 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 Fig. 2(c), and the aggregated slots that containing uplink resource can be pure uplink and/or bi-directional slots.
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Figure.2 Illustration of multi-slot uplink control channel
For uplink control transmitted in multiple slots, there are also two options,
· Option 1: control information on latter slots are the retransmission of the first slot. 
In this option, control information on each slot can be self-decoded, bits transmitted on the latter slots are the retransmission of the first slot, and the retransmission can be duplicate version of the first slot or different redundant version. One example for the duplicate retransmission is shown in Fig..3, with the uplink control to be the A/N feedback for the downlink transmission. Specifically,, control channel are indicated to be transmitted by 3 uplink slots, then the downlink data d0 transmitted in slot#0 are to be feedback in slot #2, #3 and #4, and the feedback information are same in the three slots.
[image: image5.emf]
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Figure.3 control information on different slots is transmitted independently.

· Option 2: control information is jointly transmitted on multiple 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 Fig.4, the feedback information a0 is encoded or spread to a01a02a03, and mapped to three consecutive slots.
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Figure.4 control information on different slots is transmitted independently.
Comparing the two options, Option 2 may provide possible coding gain compared with Option1, while the design of Option 2 may be complex, since different length of uplink control duration needs to be designed. It is suggested to consider Option 1 as design baseline, while option2 needs to be evaluated for justification of performance gain.
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 4: For the multi-slots uplink control channel, the control information on each slot is suggested to be self-decodable, and the latter slots are suggested to be the retransmission of the first slot.
4. Conclusions 
In this contribution, we discuss the long duration uplink control channel design for NR and propose:
Proposal 1: 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 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 slots.
Proposal 3: For the single-slot uplink control channel, both the full uplink slot and uplink dominant slot need to be supported. Further study whether to design two structures or to design a unified structure for the two durations.

Proposal 4: For the multi-slots uplink control channel, the control information on each slot is suggested to be self-decodable, and the latter slots are suggested to be the retransmission of the first slot.
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