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Overview

 Introduction
o= NB-IoT
o 5G
= Waveforms for the new NR
- {-OFDM
« PA-OFDM
» Simulations
» Mock-up implementation with OAI
» Future modifications and conclusions




New Requirements for 5G
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What is happening now?

« NB-IoT
GSM STAND ALONE o 3GPP TS 36.211 V13.2.0
BT (2016-06)
200kHz - OFDM and SC-FDMA
GUARD BAND

e LTE - NR for 5G:

200kHz = OFDM-based waveform

' INBAND

200kHz



Waveform Candidates

» Filtered solutions
= f-OFDM

> UFMC f-OFDM I 1
= FBMC
- Disadvantages:

» Increase of the Complexity
» Increase of the ISI

» Increase of the PAPR
= No backward compatibility



F-OFDM

Detector

SC Mapping 2 IFFT 2 AddCP2 | Remove
" Eg 15KHz Eg.2048 [ 7| Bg 115 [ IR ia B BESEN— 2 [ FFT2
: No =15 No = 200
1.2 1.2
1 -/"“\A/‘\/ 1+ . ..._.,,...,...,,.,,d
. 0@ transition band e OB
3 2 ;
3 % & 0°
m 04 m 04
0.2 02
0 \/""\_//\__ o SR ot 1
-02 -0.2
0 02 04 06 08 1 0 02 04 06 08 1

Normalized Frequency

Receiver Window
-

Normalized Frequency

>

- e :

(a) Medium to Wide Subband




Matlab Simulation
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An alternative way...

Power Adapted - OFDM New Smart Scheduling
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Implementation

f-OFDM PA-OFDM
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Comparative of the candidates
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(a) Comparative of spectrum. (b) Comparative of spectrum (zoom).

Fig. 5. Comparative of spectrum in the transmitter side.



Example of eMBB
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(a) Comparative of spectrum efficiency. (b) Comparative of spectrum efficiency (zoom).
Fig. 12. Comparative of spectrum in the transmitter side for the NR.

TABLE II
EXAMPLE OF DIFFERENT VALUES OF ATTENUATION AND NUMBER OF
ATTENUATED SUBCARRIERS.

Case Attenuation | Number of subc. per | Total Efficiency
‘ (dB) each end of the band | subc. Y
1 3 12 608 91.2%
2 3 24 616 92.4%
3 6 12 616 92.4%
4 6 24 624 93.6%
5 3 12 622 | 933%
i 6 12 - o




Example of Scheduling
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(a) Conventional scheduling. (b) Smart scheduling.
Hlustration of the scheduling of OFDM with and without PA technique.

u | SNRWB) | o(B) | SNFequinaieni@®) | Treg | it | paSFDM | OFDM | PA-OFDM
0 28.59 -15.94 12.65 51.36 113.99 51.36 1 1
1 17.96 -03.26 14.70 236.77 287.48 236.77 4 4
2 07.13 0 08.47 936.48 661.22 757.13 21 21
3 12.46 -0.39 12.07 98.35 101.25 98.35 2 2
4 26.47 2.84 20.30 1050.77 | 980.57 10 )
5 03.18 -0.45 02.73 36.54 38.95 36.54 2 2
6 21.55 -4.49 17.06 68.36 836.03 68.36 1 1
7 16.27 -1.85 14.42 290.48 326.31 290.48 5 5
8 09.68 -1.10 08.58 109.40 121.07 109.40 3 3
9 24.28 -9.83 14.44 69.87 96.85 116.35 1 2




New coexistence scenario
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Measurements: OBE
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MEASUREMENTS RESULTS

500

OFDM masked-OFDM | masked-OFDM | masked-OFDM
1PRB, 3dB 3PRB, 3dB 1PRB, 6dB
Ry -30.40 -33.57dB -33.31dB -36.04dB
Riu -29.12 -33.51dB -34.63dB -37.86dB
Royp, -45.32 -47.43dB -46.67dB -49.06dB
Royu -44.88 -46.96dB -47.20dB -47.94dB
SIMULATION RESULTS
OFDM masked-OFDM | masked-OFDM | masked-OFDM
1PRB, 3dB 3PRB, 3dB 1PRB, 6dB
RiL -17.66 -19.79dB -19.86dB -21.71dB
Riu -17.68 -19.89dB -19.91dB -21.65dB
Rop, -25.57 -26.75dB -27.16dB -27.05dB
Royu -25.78 -26.91dB -27.06dB -27.02dB




Measurements
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Measurements: Constellation
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Spectrum Sharing
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UE Data Rate

D OFDM PA-OFDM

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
= 22 13,15 8,51 23 9,68 8,34
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
31 14,46 9,84 35 9,38 7,79
8 | 26 9,86 6,38 30 13,9 8,57
[ o ] 34 12,18 7,18 24 13,51 8,23
29 10,42 7,66 23 9,66 7,46
25 11,68 8,14 36 8,03 7,65
12| 37 11,72 6,39 34 9,99 8,44
29 8,39 7,98 27 9,27 7,13
34 14,76 6,98 29 8,83 7,02
T 28 14,5 8,5 31 14,57 8,32
30 13,09 9,01 28 14,05 8,27
25 13,16 6,94 26 14,01 8,17
| 18| 23 9,65 8,69 38 11,13 7,99
39 14,03 7,49 35 10,46 8,47
[ 20 | 35 12,19 8,27 29 12,11 8,83
30,05 12,048 7,9275 30,6 11,458 8,067



Modification ()

« Design and implementation of
the new Smart Scheduler in
OAL.

 UE should be capable of using, UEL-MCS, UEAMCS.
at least, two modulation and h
coding scheme at the same
time.
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Modification (ll)

» Control Channels placed at the
edge PRBs should be shifted to

the middle PRBS. " PlLopbib b
= PCFICH (Physical Control - 5

Format Indicator Channel)

(BLUE)

» PHICH (Physical Hybrid
ARQ (Automatic Repeat

reQuest) Indicator Channel)
(PINK)
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Conclusions

« OAl is an excellent tool in - PA-OFDM is a good candidate:
order to deploy complex = It reduced the OBE
testbeds. = It does not increase the ISI
« OAI provides a huge flexibility = It keeps the backward
to develop new capabilities, for compatibility
example: 5G.
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THANK YOU!

Any questions or comments?




