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Introduction
A study item on Next Generation New Radio Access Technology was agreed in RAN Plenary #71 meeting [1]. In this SID, waveform design based on OFDM is one of fundamental areas that need to focus on. In RAN1#84bis meeting, the evaluation assumption was discussed and some agreements were made in [2][3] plus the following agreements reached in follow-up email discussion:
Proposal 1 on MIMO mode: Companies should bring results for SISO at RAN1#85. 
Proposal 2 on Channel Model: 
ETU/EPA/EVA are optional (as already agreed at RAN1#84bis) 
 Mobility: 3km/h or 30 km/h or 120 km/h, higher speed is not precluded
This contribution gives the simulation results and comparisons between CP-OFDM, CP-OFDM with WOLA (W-OFDM) and FB-OFDM in case 2.
Evaluation case and simulation parameters
The case 2 in [2] is briefly described as following::
· Case 2: DL mixed numerology case


Fig.1 Case 2: Downlink mixed numerology case

In case 2 as shown by Fig. 1, the target user, which is either at the edge or within the full-band of the “target” subband (using numerology 1), is interfered by the interfering subband (using numerology 2). Gsubband is the width of guard band between neighbouring subbands and its value depends on the OOB performance of the waveform.
The simulation parameters used in this contribution are given in Appendix 2.
BLER and spectrum efficiency

The spectrum efficiency is calculated as [2], where  denotes the number of correctly received bits by target user, T is the transmission time of the target user. For case 2,  is the data bandwidth of the target UE plus guard tones.
The simulations use the waveform transmission/reception as described in [5] for CP-OFDM with WOLA, and the waveform transmission/reception as described in [4] for FB-OFDM. In the simulations of FB-OFDM, zero-forcing is used in polyphase filter on receiver side to suppress inter-symbol interference, and a subframe-level cutting window as shown in Appendix 1 is applied on transmitter side.
Fig.2~Fig.4 show the spectrum efficiency and BLER performance for case 2.
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[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Fig.2 Spectrum efficiency and BLER comparison: 16QAM 1/2, ETU30kmh
Fig.2 shows that, with 16QAM modulation and 1/2 code rate in ETU30kmh channel, the BLER performance and spectrum efficiency of FB-OFDM are very close to those of CP-OFDM and W-OFDM in case 2.
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Fig.3 Spectrum efficiency and BLER comparison: 64QAM 1/2, EVA30kmh
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Fig.3 shows that, with 64QAM modulation and 1/2 code rate in EVA30kmh channel, the BLER performance and spectrum efficiency of FB-OFDM are slightly better than those of CP-OFDM and W-OFDM in case 2.
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Fig.4 Spectrum efficiency and BLER comparison: 256QAM 1/2, EPA3kmh

[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Fig.4 shows that, with 256QAM modulation and 1/2 code rate in EPA3kmh channel, the BLER performance and spectrum efficiency of FB-OFDM are remarkably better than those of CP-OFDM and W-OFDM, especially when a small number (e.g.,0 or 2) of guard-tones are used between neighbouring subbands.
[bookmark: OLE_LINK21]Observation 1: Under the selected simulation assumptions, the BLER performance of FB-OFDM is better than (or almost the same with) CP-OFDM and W-OFDM in case 2.
Observation 2:  Unless working with high-order modulation such as 256QAM, FB-OFDM does not need more than 0 guard tones in case 2; when 256QAM is applied, 2 guard tones seems already sufficient for FB-OFDM in case 2.
Proposal 1: FB-OFDM should be taken as a waveform candidate in NR, especially in scenarios where neighbouring subbands have different numerologies.
Conclusion
This contribution concludes with the following observations and proposal: 
Observation 1: Under the selected simulation assumptions, the BLER performance of FB-OFDM is better than (or almost the same with) CP-OFDM and W-OFDM in case 2.
Observation 2:  Unless working with high-order modulation such as 256QAM, FB-OFDM does not need more than 0 guard tones in case 2; when 256QAM is applied, 2 guard tones seems already sufficient for FB-OFDM in case 2.
Proposal 1: FB-OFDM should be taken as a waveform candidate in NR, especially in scenarios where neighbouring subbands have different numerologies.
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Appendix 2
Table A1 Parameters for case 2
	Assumptions 
	Value 

	Carrier frequency 
	4GHz 

	Duplex 
	FDD/TDD (FDD and TDD have the same performance in these simulation results in this contribution)

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms 

	Subcarrier spacing 
	15KHz for target UE; 30KHz for interfering subband.

	Guard time interval 
	4.7us (interval of LTE normal CP). The symbol interval of FB-OFDM is 1/14ms just  the same as LTE

	FFT size 
	1024

	Data transmission bandwidth 
	1RB for target UE; 4RB for interfering subband.

	Guard tone number 
(Gsubband)
	0, 2 and 4 subcarriers with 15KHz spacing.

	Antenna  configuration 
	1T1R 

	MIMO mode 
	SISO

	Rank per UE 
	Fixed single rank 

	MCS 
	Fixed. 16QAM: 1/2 or 2/3; 64QAM: 1/2 or 3/4; 256 QAM: 1/2 or 3/4 

	Control Overhead 
	Zero 

	Channel estimation 
	Ideal 

	Channel Model 
	ETU 30km/h for 16QAM; EVA 30km/h for 64QAM; EPA 3km/h for 256QAM

	Others
	The window process of CP-OFDM with WOLA in transmitter and receiver is the same as that described in [5]. 



4

image2.emf
6 8 10 12 14 16 18 20

0.5

1

1.5

2

Eb/No(dB)

SE

(bit/s/Hz)

case2 1T1R 16QAM1/2 NoDelay 4GHz 1RB ETU30kmh

 

 

OFDM 0GuardSC

OFDM 2GuardSC

OFDM 4GuardSC

WOFDM 0GuardSC

WOFDM 2GuardSC

WOFDM 4GuardSC

FB-OFDM 0GuardSC

FB-OFDM 2GuardSC

FB-OFDM 4GuardSC


image3.emf
6 8 10 12 14 16 18 20

10

-2

10

-1

10

0

Eb/No(dB)

BLER

case2 1T1R 16AM1/2 NoDelay 4GHz 1RB ETU30kmh

 

 

OFDM 0GuardSC

OFDM 2GuardSC

OFDM 4GuardSC

WOFDM 0GuardSC

WOFDM 2GuardSC

WOFDM 4GuardSC

FB-OFDM 0GuardSC

FB-OFDM 2GuardSC

FB-OFDM 4GuardSC


image4.emf
10 12 14 16 18 20 22 24 26 28

0.5

1

1.5

2

2.5

3

Eb/No(dB)

SE

(bit/s/Hz)

case2 1T1R 64QAM1/2 NoDelay 4GHz 1RB EVA30kmh

 

 

OFDM 0GuardSC

OFDM 2GuardSC

OFDM 4GuardSC

WOFDM 0GuardSC

WOFDM 2GuardSC

WOFDM 4GuardSC

FB-OFDM 0GuardSC

FB-OFDM 2GuardSC

FB-OFDM 4GuardSC


image5.emf
10 12 14 16 18 20 22 24 26 28

10

-2

10

-1

10

0

Eb/No(dB)

BLER

case2 1T1R 64AM1/2 NoDelay 4GHz 1RB EVA30kmh

 

 

OFDM 0GuardSC

OFDM 2GuardSC

OFDM 4GuardSC

WOFDM 0GuardSC

WOFDM 2GuardSC

WOFDM 4GuardSC

FB-OFDM 0GuardSC

FB-OFDM 2GuardSC

FB-OFDM 4GuardSC


image6.emf
16 18 20 22 24 26 28

0.5

1

1.5

2

2.5

3

3.5

4

Eb/No(dB)

SE

(bit/s/Hz)

case2 1T1R 256QAM1/2 NoDelay 4GHz 1RB EPA3kmh

 

 

OFDM 0GuardSC

OFDM 2GuardSC

OFDM 4GuardSC

WOFDM 0GuardSC

WOFDM 2GuardSC

WOFDM 4GuardSC

FB-OFDM 0GuardSC

FB-OFDM 2GuardSC

FB-OFDM 4GuardSC


image7.emf
16 18 20 22 24 26 28

10

-2

10

-1

10

0

Eb/No(dB)

BLER

case2 1T1R 256QAM1/2 NoDelay 4GHz 1RB EPA3kmh

 

 

OFDM 0GuardSC

OFDM 2GuardSC

OFDM 4GuardSC

WOFDM 0GuardSC

WOFDM 2GuardSC

WOFDM 4GuardSC

FB-OFDM 0GuardSC

FB-OFDM 2GuardSC

FB-OFDM 4GuardSC


image1.wmf
w

c

h

×

=

T


oleObject1.bin

