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1	Introduction
An objective of the new radio (NR) study item [1] is to identify and develop technology components being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].  

In this contribution we discuss various system aspects related to the UL waveforms for the new RAT below 40 GHz. 
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In LTE the downlink waveform is based on OFDMA and the uplink waveform is based on SC-FDMA. The selection of SC-FDMA for UL is justified mainly by UL coverage and UE power consumption whereas DL OFDMA is justified by frequency domain flexibility, natural suitability for MIMO operations and minimized receiver complexity. In the NR the UL and DL waveform selection needs to be revisited taking into account scenarios and performance requirements defined for NR:
· The target for peak data rate is [20Gbps] for downlink and [10Gbps] for uplink
· The target for peak spectral efficiency is [30bps/Hz] for downlink and [15bps/Hz] for uplink.
· The full buffer spectral efficiency should be in the order of [3x] compared to that of IMT-Advanced 
· The target for mobility is 500 km/h.
The biggest problem with the low PAR/SC waveform is that all signals needs to be transmitted in a serial form resulting in various restrictions. For example RS and control signals need to be time multiplexed with data. Those restrictions lead to significant performance degradation especially when supporting new traffic requirements, e.g. those related to high velocity and low latency.
· Very high DMRS overhead for low latency services where TTI can consist of only a very few OFDM symbols 
· Very high DMRS overhead for high speed. 
Low PAR requirements set limits for frequency domain flexibility, spatial domain processing on the transmitter side and reference signal design. Each of those limitations can have significant impact on the cell throughput.
Observation #1: Separate control channel and RS design would be needed in order to support SC waveforms (in addition to OFDMA) 
Observation #2: SC waveforms leads to significant performance degradation especially when supporting new traffic requirements, e.g. those related to high velocity and low latency.
NR should allow for efficient operation between access link and backhaul/side link. To have same waveform for both uplink and downlink would be highly beneficial especially in TDD systems as it would enable better utilization of flexible TDD, D2D, in-band relay solutions etc. The cost and the complexity of the NR would be minimized if the same waveform and baseband design principles could be reused for both link directions.
Observation #3: The cost and the complexity of the NR would be minimized by using same waveform in both link directions
One important mode of operation for NR is dynamic TDD. A harmonized uplink and downlink frame structure helps in cross-link interference suppression when there is no need for the victim to know whether the aggressor signal is uplink or downlink.
Observation #4: Dynamic TDD operation benefits from harmonized uplink and downlink frame structures
Based on above observations we propose that UL NR below 40 GHz is based on OFDMA. On the later sections we will analyze spectral efficiency and coverage between OFDMA and SC-FDMA taking into account NR requirements.
Proposal #1: UL/DL symmetric OFDMA is used for below 40 GHz
3 Spectral efficiency
Good MIMO performance is essential for meeting the performance targets set for NR. The target for peak spectral efficiency is 15bps/Hz and the spectral efficiency should be in the order of [3x] compared to IMT-Advanced [4]. This corresponds to 6 bits/Hz as the requirement for average spectral efficiency requirement in the microcellular environment. In UL the MU-MIMO is essential feature in order to obtain target spectral efficiency. Figures 1 and 2 shown performance comparison between SC-FDMA and OFDMA in TDL-C channel with RMS delay spreads 300ns and 1000ns, for spectral efficiencies around 3 (4XQPSK ½), 6 (4X16QAM½), 9 (4x64 QAM ½) and 18 Bits/Hz (4x256 QAM 3/4). Results indicates that SC-FDMA requires 2-3 dB higher SNR for target spectral efficiency and 5-6 dB higher SNR for peak spectral efficiency.
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Figure 1. BLER comparison between SC-FDMA (black solid line) and OFDM (blue dashed line) . TDL-C 300 ns, 4x4 MIMO.
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Figure 2. BLER comparison between SC-FDMA (black solid line) and OFDM (blue dashed line) . TDL-C 1000 ns, 4x4 MIMO
Observation #5: SC-FDMA requires 2-3 dB higher SNR for target spectral efficiency and 5-6 dB higher SNR for peak spectral efficiency.
4 Coverage 
In this section we present initial coverage comparison between SC-FDMA and OFDMA. The simulated system is described in Figure 3. Depending on whether the system being considered is SC-FDMA or OFDMA, either a DFT or S/P (Serial to Parallel) is selected after the symbol source. Otherwise the simulation chain is identical for both systems. Filtering operation after CP (Cyclic Prefix extension) is done just for suppressing the out-of-band emission for meeting the spectrum mask.  
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[bookmark: _Ref116102453]Figure 3 Simulated system
The power amplifier model according to [6] is considered. In the measurements, the power level is set so that the LTE UE emission mask [7] is fulfilled. The minimum OBO value satisfying the emission mask is found.  The PSD plots are given in Figure 4 and Figure 5 and respective BLER performance with QPSK ½ is given in Figure 6.  Results shown that with same PA, SC-FDMA have less than 1 dB coverage benefits over OFDMA.  The EVM (Error Vector Magnitude) values is measured for satisfying the link quality. The observed EVM values (7.4% for SC-FDMA and 8.4% for OFDMA) indicates that for QPSK the OBO is limited by the emission mask.  
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[bookmark: _Ref458779038]Figure 4 OFDM PSD
 [image: ]
[bookmark: _Ref458779052]Figure 5 SC-FDMA PSD
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[bookmark: _Ref458779149]Figure 6 BLER comparison between SC-FDMA (black solid line) and OFDM (blue dashed line) with PA . TDL-C 1000 ns, 1x4 MIMO,


Observation #6: With same PA, SC-FDMA have less than 1 dB coverage benefits over OFDMA.

NR should have at least same coverage compared LTE with same PA when deployed in the same frequency band. According to [5] it’s possible by using implementation related solution like clipping. Other options include usage of LTE uplink as a SC solution for below 40 GHz bands, and define a new SC solution optimized for above 40 GHz. These can be seen as complementary solutions for coverage limited scenarios.
Observation #7: Coverage penalty of UL OFDMA compared to LTE SC-FDMA could be alleviated by using implementation related solution or complementary SC waveforms based on LTE or NR SC waveform optimized for above 40 GHz. 
5	Conclusion
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this contribution we have discussed various system aspects related to the UL waveforms for the new RAT. Based on the discussion, we make the following observations and proposals
Observation #1: Separate control channel and RS design would be needed in order to support SC waveforms (in addition to OFDMA) 
Observation #2: SC waveforms leads to significant performance degradation especially when supporting new traffic requirements, e.g. those related to high velocity and low latency.
Observation #3: The cost and the complexity of the NR would be minimized by using same waveform in both link directions
Observation #4: Dynamic TDD operation benefits from harmonized uplink and downlink frame structures
Observation #5: SC-FDMA requires 2-3 dB higher SNR for target spectral efficiency and 5-6 dB higher SNR for peak spectral efficiency.

Observation #6: SC-FDMA have less than 1 dB coverage benefits for QPSK modulation

Observation #7: Coverage penalty of UL OFDMA compared to LTE SC-FDMA could be alleviated by using implementation related solution or complementary SC waveforms based on LTE or NR SC waveform optimized for above 40 GHz. 
Proposal #1: UL/DL symmetric OFDMA is used for below 40 GHz
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