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I. Waveform for NR Uplink (UL) 
 

Motivation: 

• UL Waveform must be power efficient (low PAPR/Cubic Metric) 

• UL Waveform must offer long battery life ( for MTC devices > 10 years) 

• UL Waveform must offer robust performance and sufficiently high ACLR 
(low OOBE) with non-linear PAs 

• For OFDM, per every one-dB reduction in PAPR, there is an increase on the 
order of 10% in PA efficiency [1]. This is significant to increase battery life 
for UL devices 

• The above requirements offer a tough waveform design challenge 



I. Waveform for NR UL (2) 

• LTE already uses DFT-S-OFDM (SC-FDMA) with rectangular 
pulse shaping to reduce PAPR on the UL 

 

• Consider a variant of DFT-S-OFDM with spectrum shaping to 
further reduce PAPR 

 

• Spectrum shaping in frequency domain is equivalent to 
Circular Convolution in time domain  Single Carrier-
Circularly Pulse Shaped Waveform 



I. Waveform for NR UL (3) 
INL’s Technology Solves Practical Problems with Enhanced Solutions 

INL’s Contribution #1 

• To address a Critical Requirements for Mission-critical and Smart 
Cities/IoT services 

• Uses smart frequency-domain signal processing to lower the energy 
consumption by reducing out-of-band emissions and peak-to-average 
power ratio resulting in longer battery-life of the devices 



I. Waveform for NR UL (4) 

SC-CPS PAPR results (see [3] for details) 

 

Optimum PAPR filter in the frequency 

domain for α = 0.1 

PAPR results for QPSK 



I. Waveform for NR UL (5) 

SC-CPS ACLR results [3] 

ACLR performance as a function of PA output backoff 

 
 

With SC-CPS,PA can 

be operated closer to 

saturation while still 

meeting ACLR spec, 

thus improving 

efficiency and battery 

life 



I. Waveform Summary 

1) For QPSK modulation at CCDF = 1%, optimized SC-CPS waveform offers a 1.1 dB PAPR 
gain over the LTE UL baseline waveform, DFT-S-OFDM, with 0.3 dB additional gain 
possible through the use of O-QPSK for α = 0.1.  Additional PAPR gains can be obtained 
for larger α at the expense of higher excess bandwidth. 

 

2) For the most robust modulation types (QPSK/O-QPSK) typically used for coverage-
limited scenarios, SC-CPS waveforms offer at least a 0.5 dB CM advantage over DFT-S-
OFDM, with a larger advantage with increasing excess bandwidth 

 

3) SC-CPS waveform, in addition to PAPR advantage, provide significant OOBE/ACLR 
benefits with respect to the LTE UL baseline waveform (DFT-S-OFDM) and allow for 
more efficient PA operation and longer battery life for devices at edge of coverage. 

 

4) SC-CPS waveform is an option for NR UL 

 



II. Uplink Scheduling Requests for NR 

Motivation: 

• Ultra-Reliable Low Latency Communications (URLLC) have stringent latency and 
reliability requirements [4], [5] 

• Grant-based and Grant-free transmission options can be used to satisfy these 
requirements under a variety of conditions 

 

URLLC Latency and Reliability requirement summary  



II. UL SRs for NR (3) 

UL Access Scheduling and Resource Grants [4] 



II. UL SRs for NR (3) 

SR: one-bit signal from UE to eNB to request grant for UL transmission 

LTE solution: SRs are transmitted based on a periodic method (wait time involved) 

Underlay SR (USR) solution: SRs are transmitted over whole transmission 
bandwidth by spreading with known sequences and eliminating wait time [6] 

Generation of CP-assisted DSSS based scheduling request 

underlay signal 



II. UL SRs for NR (4) 
INL’s Contribution #2 

To address Ultra-Reliable Low Latency Communications (URLLC) 
Requirements for Robotics, Factory Automation, Public-safety 
Applications  

 

• INL’s Underlay Control Channel (UCC) 

technology used to lower the uplink 

access latency without compromising 

the reliability of the wireless link. This is 

an essential aspect of URLLC 

applications  

• Reliability (wrt to grant-free 

transmission) is increased because 

scheduling method is grant-based and 

SR signal has inherent diversity (DSSS 

over whole transmission band) 



II. UL SRs for NR (5) 

USR Performance [7] 

Packet-arrival to grant transmission by the 

gNB delay vs. the number of SR transmitting 

UEs for the LTE SR and the Underlay SR 

schemes 

Average IoT rise due to USR at the gNB 

receiver versus the number of UEs 

transmitting the underlay SRs 



II. UL SR Summary  
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