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1 Introduction

According to the agreement from RAN1# 84bis and #85 [1]-[3], we have 

· Four evaluation cases can be used in link level simulation depending on evaluation purposes of each usage scenario, which are
· Case 1a, 1b: single numerology case

· 1a: Downlink 

· 1b: Uplink, only one UE with narrow bandwidth is located at the edge of wide frequency band. It is assumed that no wide-band filter upon the whole frequency band. 

· Case 2: DL mixed numerology case 

· Case 3: UL single numerology case (asynchronous reception between UEs)

· Case 4: UL mixed numerology case (synchronous reception between UEs)

In this contribution, we present our link level evaluation results for case 3 based on the newly agreed PA model, with both ideal and real channel estimation (the latter case can be found in Appendix).
2 Discussion
2.1 Simulation assumptions
· PA operating point 
As agreed in the email discussion [85-18], the uplink PA operating point has to be set considering the spectrum mask, ACLR and EVM requirements for uplink [4]. The PA operation point for uplink in the evaluation is chosen as follows,
· Uplink

·  8 dB back-off  from the 1 dB compression point of the polynomial PA model;
· Average output power is 22 dBm, phase compensation is 76.3 degree.
· Evaluation parameter configurations
The evaluation parameters configuration is shown in Table I.
Table I Case 3 evaluation parameter configuration
	
	Target UE0
	Interferer UE1
	Interferer UE2

	Numerology
	15 kHz subcarrier spacing, 6.7% CP overhead, 1024 point FFT size

	Data bandwidth
	(UE0, UE1, UE2) = (720, 720, 720) kHz

	Power offset
	(UE0, UE1, UE2) = (0, 0, 0), (0, 5 dB, 5 dB), (0, 10 dB, 10 dB)

	Time offset
	(UE0, UE1, UE2) = (0, 128, 128) samples

	Guard tone number
	0, 12 guard tones

	W-OFDM
	Raised cosine window, 

-Tx Window length:

  1024*0.05 =  52 samples on each side (5% OFDM symbol)

- Rx window length: 10 samples

	f-OFDM
	Windowed Sinc filter

Tx, Rx filter order 512 (matched filter is not assumed in the evaluation) 


· User spectrum efficiency calculation 
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Number of information bits correctly decoded in each TBS and can be obtained by TBS*(1-BLER).
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Transmission time of the target UE. As discussed in [5]-[6], in TDD system, the remaining tail after truncation is very small and can be naturally absorbed into GP, without introducing additional time overhead in frame structure.
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2.2 LLS Evaluation results
The spectrum efficiency (SE) was evaluated on a per TTI basis with the following assumptions,
	
	OFDM
	W-OFDM
	f-OFDM

	SE
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	(TBS size for 4 PRB) x (1-simulated BLER)
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Taking the guard band overhead, and BLER into consideration (refer to Appendix), the spectrum efficiency evaluation of case 3 is provided in the following sub-sections. Note that in some cases, the SE curves of some waveforms are not drawn if their corresponding BLER are worse than 10%.
2.2.1  (0, 0, 0) power offset
· 0 guard tone
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure 1. Spectrum efficiency (0 guard tone)

In this cases, only f-OFDM can support (64 QAM, 1/2) transmission with 10% BLER. Even for (16 QAM, 1/2), f-OFDM also has non-negligible gain in terms of BLER (2.8 dB SNR gain) and spectrum efficiency.

The required SNR to achieve 10% BLER for the waveforms (OFDM, f-OFDM and W-OFDM) are listed in the following table in case of (0, 0, 0) power offset and 0 guard tone.
N/A in the following means 10% BLER cannot be achieved with a practical SNR number.
Table II The required SNR to achieve 10% BLER for case 3 ([0, 0, 0] power offset, 0 guard tone)
	Channel model
	MCS
	OFDM
	f-OFDM
	W-OFDM

	TDL-C

(300 ns)
	64 QAM, 1/2
	N/A
	24.3
	N/A

	
	16 QAM, 1/2
	21.0
	16.9
	19.7

	
	QPSK, 1/3
	7.7
	7.3
	7.6

	TDL-C

(1000 ns)
	64 QAM, 1/2
	N/A
	22.9
	N/A

	
	16 QAM, 1/2
	18.1
	15.6
	17.7

	
	QPSK, 1/3
	6.1
	5.9
	6.1


·  12 guard tones
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                                             (b) TDL-C (1000 ns)

Figure 2. Spectrum efficiency (12 guard tones)
With 1 PRB guard band, all waveforms have similar performance while f-OFDM is still slightly better than W-OFDM for high MCS data transmission (1 dB SNR gain for 64 QAM). However, the absolute spectrum efficiency decreases for all waveforms due to the 1 PRB guard band overhead, compared to the case without any guard tone.
The required SNR to achieve 10% BLER for the waveforms (OFDM, f-OFDM and W-OFDM) are listed in the following table in case of (0, 0, 0) power offset and 12 guard tones.

Table III The required SNR to achieve 10% BLER for case 3 ([0, 0, 0] power offset, 12 guard tones)
	Channel model
	MCS
	OFDM
	f-OFDM
	W-OFDM

	TDL-C

(300 ns)
	64 QAM, 1/2
	24.3
	20.9
	22.0

	
	16 QAM, 1/2
	17.0
	16.1
	16.4

	
	QPSK, 1/3
	7.4
	7.3
	7.3

	TDL-C

(1000 ns)
	64 QAM, 1/2
	22.8
	20.1
	21.9

	
	16 QAM, 1/2
	15.5
	14.9
	15.3

	
	QPSK, 1/3
	5.8
	5.8
	5.8


2.2.2 (0, 5 dB, 5 dB) power offset

· 0 guard tone
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure 3. Spectrum efficiency (0 guard tone)

In this cases, only f-OFDM can support (16 QAM, 1/2) transmission with 10% BLER.
The required SNR to achieve 10% BLER for the waveforms (OFDM, f-OFDM and W-OFDM) is listed in the following table in case of (0, 5, 5) power offset and 0 guard tone.

Table IV The required SNR to achieve 10% BLER for case 3 ([0, 5, 5] power offset, 0 guard tones)
	Channel model
	MCS
	OFDM
	f-OFDM
	W-OFDM

	TDL-C

(300 ns)
	16 QAM, 1/2
	N/A
	20.7
	N/A

	
	QPSK, 1/3
	8.7
	7.6
	8.3

	TDL-C

(1000 ns)
	16 QAM, 1/2
	N/A
	18.2
	N/A

	
	QPSK, 1/3
	6.9
	6.1
	6.8


· 12 guard tones
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Figure 4. Spectrum efficiency (12 guard tones)

With 1 PRB guard band, only f-OFDM and W-OFDM can support (64 QAM, 1/2) with 10% BLER. It is observed that f-OFDM has significant performance gain over W-OFDM for 64 QAM (>7 dB SNR gain over W-OFDM). In this case, 1 PRB guard band is beneficial for 64 QAM data transmission to achieve the best spectrum efficiency. For 16 QAM and QPSK transmission, zero guard band is better for spectrum efficiency due to less guard band overhead.
The required SNR to achieve 10% BLER for the waveforms (OFDM, f-OFDM and W-OFDM) are listed in the following table in case of (0, 5, 5) power offset and 12 guard tones.

Table V The required SNR to achieve 10% BLER for case 3 ([0, 5, 5] power offset, 12 guard tones)
	Channel model
	MCS
	OFDM
	f-OFDM
	W-OFDM

	TDL-C

(300 ns)
	64 QAM, 1/2
	N/A
	22.0
	29.2

	
	16 QAM, 1/2
	20.6
	16.4
	17.5

	
	QPSK, 1/3
	7.7
	7.3
	7.4

	TDL-C

(1000 ns)
	64 QAM, 1/2
	N/A
	20.9
	30.0

	
	16 QAM, 1/2
	17.8
	15.0
	16.3

	
	QPSK, 1/3
	6.0
	5.8
	5.9


2.2.3 (0, 10 dB, 10 dB) power offset

· 0 guard tone
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Figure 5. Spectrum efficiency (0 guard tone)

Although all three waveforms can support (QPSK, 1/3) with 10% BLER, f-OFDM has significant advantage in terms of BLER (3 dB SNR gain over W-OFDM).
The required SNR to achieve 10% BLER for the waveforms (OFDM, f-OFDM and W-OFDM) is listed in the following table in case of (0,10,10) power offset and 0 guard tones.

Table VI The required SNR to achieve 10% BLER for case 3 ([0,10,10] power offset, 0 guard tones)
	Channel model
	MCS
	OFDM
	f-OFDM
	W-OFDM

	TDL-C

(300 ns)
	QPSK, 1/3
	14.4
	8.6
	12.0

	TDL-C

(1000 ns)
	QPSK, 1/3
	11.0
	6.9
	9.8


· 12 guard tones 
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Figure 6. Spectrum efficiency (12 guard tones)

With 1 PRB guard band, only f-OFDM can support all MCS (64 QAM,16 QAM,QPSK) transmission with 10% BLER. W-OFDM can support 16 QAM and QPSK with 10% BLER. f-OFDM has significant advantage than W-OFDM in terms of BLER and spectrum efficiency. 

With 10 dB power imbalance between subbands, increasing guard band will be beneficial for medium and high MCS data transmission, while for low MCS zero guard band is preferred.
The required SNR to achieve 10% BLER for the waveforms (OFDM, f-OFDM and W-OFDM) are listed in the following table in case of (0, 10, 10) power offset and 12 guard tones.

Table VIII The required SNR to achieve 10% BLER for case 3 ([0, 10, 10] power offset, 12 guard tones)
	Channel model
	MCS
	OFDM
	f-OFDM
	W-OFDM

	TDL-C

(300 ns)
	64 QAM, 1/2
	N/A
	29.7
	N/A

	
	16 QAM, 1/2
	N/A
	17.6
	27.4

	
	QPSK, 1/3
	8.6
	7.4
	7.9

	TDL-C

(1000 ns)
	64 QAM, 1/2
	N/A
	25.7
	N/A

	
	16 QAM, 1/2
	N/A
	16.0
	22.0

	
	QPSK, 1/3
	6.8
	5.9
	6.3


Based on the above evaluation results, we have the following observations,
Observation 1: In asynchronous uplink transmission, f-OFDM outperforms W-OFDM in any cases, due to its much better spectrum localization performance to suppress inter-UE interference.
Observation 2:  With 0 dB power offset between UEs, the best spectrum efficiency is achieved with zero guard tone for any MCS level. With the increasing of power imbalance between subbands, the best spectrum efficiency is achieved with some guard tones for medium (16 QAM) and high (64 QAM) MCS. For low MCS (QPSK), zero guard band is always preferred.
3 Conclusions
In this contribution, we have presented simulation results evaluating both the filtering and windowing based new waveforms for case 3.  Based on them, we have the following observations,
Observation 1: In asynchronous uplink transmission, f-OFDM outperforms W-OFDM in any cases, due to its much better spectrum localization performance to suppress inter-UE interference.
Observation 2:  With 0 dB power offset between UEs, the best spectrum efficiency is achieved with zero guard tone for any MCS level. With the increasing of power imbalance between subbands, the best spectrum efficiency is achieved with some guard tones for medium (16 QAM) and high (64 QAM) MCS. For low MCS (QPSK), zero guard band is always preferred.
These results show that the guard band requirement for uplink asynchronous transmission depends on MCS level and power offset between UEs, and with a fixed guard tone number defined it’s impossible to achieve the best spectrum efficiency in diverse configurations.
Based on the above observations, we have the following proposals:

Proposal 1:  Guard band between asynchronous UEs should not be fixed to a non-zero number, in order to achieve best spectrum efficiency.
Proposal 2: f-OFDM should be adopted to achieve sub-band spectrum confinement.
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Figure A-1. Simulation case 3
The BLER performance are provided as follows,
A1.  (0, 0, 0) power offset
· 0 guard tone
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Figure A-2. BLER performance (0 guard tone, ideal channel estimation)
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Figure A-3. BLER performance (0 guard tone, real channel estimation)

·  12 guard tones
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Figure A-4. BLER performance (12 guard tones, ideal channel estimation)
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-5. BLER performance (12guard tones, real channel estimation)

A2. (0, 5 dB, 5 dB) power offset

· 0 guard tone
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-6. BLER (0 guard tone, ideal channel estimation)
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-7. BLER (0 guard tone, real channel estimation)

· 12 guard tones
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-8. BLER (12 guard tones, ideal channel estimation)
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-9. BLER (12 guard tones, real channel estimation)

A3. (0, 10 dB, 10 dB) power offset

· 0 guard tone
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-10. BLER (0 guard tone, ideal channel estimation)
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(a) TDL-C (300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-11 BLER (0 guard tone, real channel estimation)

· 12 guard tones 
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(a) TDL-C(300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-12. BLER (12 guard tones, ideal channel estimation)
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(a) TDL-C(300 ns)
                                             (b) TDL-C (1000 ns)

Figure A-13. BLER (12 guard tones, real channel estimation)
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