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Motivation
In RAN#86, NR coverage enhancement was identified as one RAN work area for Rel-17. The SI requires to identify the performance targets for coverage enhancement, and study the potential solutions for coverage enhancements for the identified scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study additional enhanced solutions for FR2, if any 
· Evaluate the performance of the potential solutions based on link level simulations. 
In our companion contribution [2], we provided baseline evaluations for the 5G NR coverage as per the agreements made in [3]. In this contribution, we provide an overview of the solutions that could be considered for enhancing the coverage of 5G NR in Rel-17, specifically for the control channel. 
Potential Solutions for Coverage Enhancement of Control Channels of 5G NR
Motivation
Coverage expansion especially for rural use cases has been a major requirement arising from Indian IMs of 3GPP for several years. This requirement stems from a largescale rural deployment envisaged for 5G applications. It is generally expected that Indian deployments will adopt 5G NR for both rural and urban use cases in the available 5G NR bands including the 3.3-3.6 GHz band. The 3GPP specifications should aim to maximize the coverage for 3.3-3.6 GHz TDD band as well sub GHz FDD (e.g., 700MHz) bands. 
Low-Mobility-Large-Cell (LMLC) (Rural-C) has been specified by ITU as a mandatory requirement for IMT-2020 specifications. Though LMLC evaluations specify 6Km ISD at 700MHz carrier frequency, the actual deployment scenario need not be restricted to 6Km ISD. We expect Rel-17 specifications to support significantly higher ISD for rural uses cases both 3.3-3.6 GHz TDD band as well sub GHz FDD (e.g., 700MHz) bands.
Increased coverage fundamentally stems from an improvement in link budgets offered by the physical layer. In the context of Rel-17 of 5G NR, such improvements may be obtained due to an increase in UE transmission power, use of additional antennas at gNB, or an inherent ability of the system to operate at lower SINR compared to Rel-15 and Rel-16 of 5G NR. Enhancements such as an increase in base station height (that reduces path-loss) are deployment-related improvements and are generally not related to 3GPP specifications. 
Large cells result in low SNR or SINR. Therefore, the SI should target physical layer enhancements that support VoIP and other eMBB services under much lower SINR conditions at cell edge than currently supported by 5G NR specifications. They must also target to improve the coverage of the channels used for the feedback required for the corresponding transmissions i.e., the control channel transmissions. As rightly pointed out by several companies in RAN1#101e, the control channel coverage in 5G NR uplink is not the same as in the data channel and is severely limited. In this contribution, we focus on the potential methods that could be used for control channel coverage expansion.

Potential Solutions
The control channels that use CP-OFDM will not have the benefits of high transmission power as compared to DFT-s-OFDM. PUSCH transmission can benefit from power boosting wherein the max transmission power can reach up to 26dBm or 29dBm based on the TDD frame structure when DFT-s-OFDM waveform with pi/2 BPSK modulation is used. The PUCCH formats should work in conjunction with low PAPR PUSCH transmission. The transmission power for control channel transmissions should also be able to reach the same power levels as that of PUSCH. In order to correct the link imbalance between these 2 waveforms, there is a need to enhance PUCCH formats 0, 1 and 2 in the existing specifications. Therefore, we propose pi/2BPSK with spectrum shaping-based control channel designs. 
Specifically, for 1-2 bit transmissions, [4] proposed pi/2 BPSK based sequence selection which has the same PAPR as that of the PUSCH waveform with pi/2 BPSK. Furthermore the focus of these enhancements should be to support transmissions that improve the coverage rather than supporting user multiplexing (which is anyways not crucial for cell edge cases). 
Likewise, for transmitting longer payloads, pre-DFT multiplexing of control channel data and RS using pi/2 BPSK is shown to have desirable performance, both in terms of PAPR reduction and achieving low SINR for a target BLER in [5].
Proposal: Consider pi/2 BPSK sequence-based transmissions for short UCI transmissions.
Proposal: Consider pre-DFT data-RS multiplexing mechanism using low PAPR pi/2 BPSK waveform for long UCI transmissions. 
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