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Overview

• Introduction

▫ NB-IoT

▫ 5G

▫ Waveforms for the new NR

• f-OFDM

• PA-OFDM

• Simulations

• Mock-up implementation with OAI

• Future modifications and conclusions



New Requirements for 5G



What is happening now?

• NB-IoT

▫ 3GPP TS 36.211 V13.2.0 
(2016-06)

▫ OFDM and SC-FDMA

• NR for 5G: 

▫ OFDM-based waveform



Waveform Candidates

• Filtered solutions

▫ f-OFDM

▫ UFMC

▫ FBMC

▫ GFDM

• Disadvantages:

▫ Increase of the Complexity

▫ Increase of the ISI

▫ Increase of the PAPR

▫ No backward compatibility



F-OFDM



Matlab Simulation



An alternative way…

Power Adapted - OFDM New Smart Scheduling



Implementation

f-OFDM PA-OFDM



Comparative of the candidates



Example of eMBB



Example of Scheduling



New coexistence scenario

𝑑 =
𝐷

∆𝑓1

𝜖 = mod 𝐷, ∆𝑓1



Mock-up
Frequency Band B1 2100

Transmission Mode FDD
DL Frequency 2122.5 MHz
UL Frequency 1932.5 MHz

Bandwidth 5 MHz
Carrier Spacing 15KHz

CP Type Normal



Measurements: OBE



Measurements



Measurements: Constellation



Spectrum Sharing



CASE EVM

No BB 
signal

13.56%

BB OFDM 29.64%

BB
PA-OFDM

19.39%

NB Signal



UE Data Rate
OFDM PA-OFDM

Iteration Ping (ms) DL Rate (Mbps) UL Rate (Mbps) Ping (ms) DL Rate (Mbps) UL Rate (Mbps)
1 31 13,92 6,15 39 14,4 8,45

2 22 13,15 8,51 23 9,68 8,34

3 28 9,67 9,64 35 12,81 7,35

4 36 11,31 7,94 28 10,24 7,24

5 32 10,64 7,89 29 11,76 8,65

6 27 12,18 8,97 33 11,37 8,97

7 31 14,46 9,84 35 9,38 7,79

8 26 9,86 6,38 30 13,9 8,57

9 34 12,18 7,18 24 13,51 8,23

10 29 10,42 7,66 23 9,66 7,46

11 25 11,68 8,14 36 8,03 7,65

12 37 11,72 6,39 34 9,99 8,44

13 29 8,39 7,98 27 9,27 7,13

14 34 14,76 6,98 29 8,83 7,02

15 28 14,5 8,5 31 14,57 8,32

16 30 13,09 9,01 28 14,05 8,27

17 25 13,16 6,94 26 14,01 8,17

18 23 9,65 8,69 38 11,13 7,99

19 39 14,03 7,49 35 10,46 8,47

20 35 12,19 8,27 29 12,11 8,83

Average 30,05 12,048 7,9275 30,6 11,458 8,067



Modification (I)

• Design and implementation of 
the new Smart Scheduler in 
OAI.

• UE should be capable of using, 
at least, two modulation and 
coding scheme at the same 
time.



Modification (II)

• Control Channels placed at the 
edge PRBs should be shifted to 
the middle PRBs.

▫ PCFICH (Physical Control 
Format Indicator Channel) 
(BLUE)

▫ PHICH (Physical Hybrid 
ARQ (Automatic Repeat 
reQuest) Indicator Channel) 
(PINK)



Conclusions

• OAI is an excellent tool in 
order to deploy complex 
testbeds.

• OAI provides a huge flexibility 
to develop new capabilities, for 
example: 5G.

• PA-OFDM is a good candidate:

▫ It reduced the OBE

▫ It does not increase the ISI

▫ It keeps the backward 
compatibility



Any questions or comments?


