
3GPP TSG RAN WG4 Meeting #81
R4-1609411
Reno, USA, 14 – 18 November 2016
Agenda Item:
11.5.1
Source:
Huawei, HiSilicon
Title:
Further discussion on spectrum utilization
Document for:
Approval
1 Introduction
In RAN4 #80bis [1], it was agreed that 
· Carrier spectrum utilization, denoted by Y, is assumed to be higher than 90% in RAN4 future study and RAN4 requirements should be defined based on this assumption. 

· Y may depend on specific numerology and carrier bandwidth. It is FFS how the guard band at the edge of a channel should be defined when different numerologies are frequency multiplied

· Y may depend on the BS/UE implementation complexity and declared capability. It is possible to define different value of Y for different BS/UE capabilities with compliance of related RF requirements, e.g. EVM, ACLR, SEM, etc. It is important to verify both the spectrum and EVM results at the same time in order to ensure well performing and robust system 
In this contribution, we discuss the spectrum utilization Y achieved by the spectrally confined filtering technique, with compliance of EVM, ACLR and SEM requirements. 

2 Discussion
2.1 Spectral utilization evaluation
In this section, we evaluate the spectral utilization with f-OFDM (one of the spectrum localized waveforms), considering two candidates numerologies for NR (i.e. 15 kHz and 60 kHz subcarrier spacing and 6.7% CP overhead), with the constraints of Tx spectrum mask, ACLR and EVM requirements. Other numerology is FFS. Considering the fact that 60 kHz subcarrier spacing may be applied only for big carrier bandwidth to save FFT size, we present the evaluation results for above 20MHz carrier bandwidth in case of 60 kHz subcarrier spacing.
The f-OFDM waveform parameters for evaluation are listed in Table 1. It should be noted that the filter design is an implementation issue and the filter parameters in Table 1 is just an implementation example.
Table 1:  Waveform parameters

	f-OFDM parameters
	Window sinc filter
-Tone offset:


-single side 2.5 subcarriers for 15 kHz numerology



-single side 0.625 subcarriers for 60 kHz numerology


For f-OFDM, the complexity and delay issue can be effectively alleviated by the block-wise filtering and truncation scheme, which has been discussed in our contributions in the RAN4 #80 meeting.

The OOBE of f-OFDM are evaluated with the agreed PA model and back-off value in RAN1, in which no truncation and per two symbols based truncation (2 OFDM symbols is the minimum mini slot length in RAN1) are considered corresponding to the best and the worst cases in terms of OOBE and EVM performance, respectively, taking the agreed downlink/uplink PA model into account. See more evaluation details in the appendix.

. 

According the above OOBE and EVM performance evaluation, the maximum transmission bandwidth in terms of PRB number (12 subcarriers per PRB for any numerology as agreed in RAN1) and spectral utilization in a NR carrier with f-OFDM are listed for downlink and uplink in Table 2 and Table 3, respectively (see more details in the appendix).
Table 2 Downlink spectral utilization 
	Waveform
	Spectral utilization (# PRBs (%))

	
	5MHz
	10 MHz
	20 MHz
	40 MHz

	15 kHz
	No truncation
	26PRB

(93.6%)
	54PRB

(97.2%)
	110PRB
(99.0%)
	221PRB
(99.5%)

	
	Subframe-based truncation  (14 symbols)
	26PRB

(93.6%)
	54PRB
(97.2%)
	110PRB
(99.0%)
	221 PRB
(99.5%)

	
	Symbol-based truncation
	26PRB

(93.6%)
	54PRB
(97.2%)
	110PRB
(99.0%)
	221 PRB
(99.5%)

	60 kHz
	No truncation
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)

	
	Subframe-based truncation  (14 symbols)
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)

	
	Symbol-based truncation
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)


Table 3 Uplink spectral utilization
	Waveform
	Spectral utilization (# PRBs (%))

	
	5MHz
	10 MHz
	20 MHz
	40 MHz

	15 kHz
	No truncation
	27PRB

(97.2%)
	55PRB

(99.0%)
	110PRB

(99.0%)
	221PRB

(99.5%)

	
	Subframe-based truncation  (14 symbols)
	27PRB

(97.2%)
	55PRB

(99.0%)
	110PRB

(99.0%)
	221PRB

(99.5%)

	
	Symbol-based truncation
	27PRB

(97.2%)
	55PRB

(99.0%)
	110PRB

(99.0%)
	221PRB

(99.5%)

	60 kHz
	No truncation
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)

	
	Subframe-based truncation  (14 symbols)
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)

	
	Symbol-based truncation
	N/A
	N/A
	27PRB

(97.2%)
	55PRB

(99.0%)


2.2 EVM performance evaluation
About the EVM, some companies show concern on the band-edge subcarriers which has higher distortion than other subcarriers. In this section, we evaluated EVM performance for both band edge PRBs and also the average EVM for the whole band, with the same waveform parameters as that used in sector. 

Figure 1 shows the downlink EVM per active PRB for 15kHz and 60kHz numerology respectively, with the assumption of 110 active PRBs in a 20MHz carrier bandwidth (See more evaluation results for other carrier bandwidths in the appendix). This EVM loss is caused by transmitter filtering and PA non-linearity.
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(a) 15kHz numerology





(b) 60kHz numerology

Figure 1. EVM performance per active PRB for 20Mhz bandwidth
Table 4 EVM performance for 20MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	0.92%
	3.12%

	60kHz numerology
	1.62%
	4.16%


From the results, it can be observed that the distortion on the band-edge subcarriers is manageable with carefully designed filter, although it is higher than the non band-edge subcarriers. And the EVM performance can fulfill the requirements of 64QAM, even considering the worst case where only 1 PRB at band edge is observed. For wideband case, the average EVM will be much improved since the impact of the subband edge subcarrier becomes weaken.
Actually, the band edge PRB distortion is not an issue from the system perspective. It can be easily solved by just scheduling medium/low MCS data transmission at band edge PRBs, which has much higher tolerance for EVM loss. The additional band edge PRBs reaped by spectrally confined waveforms are always beneficial to the system capacity enhancement.
According to the above evaluation (find more details in the appendix), we have the following observations:
Observation1: The EVM performance with f-OFDM, is manageable even for band edge 1PRB. 

Observation2: The carrier spectrum utilization (i.e. data transmission bandwidth) can be greatly improved with spectrally confined waveform (e.g. f-OFDM), with compliance of related RF requirements, e.g. EVM, ACLR, SEM.
Observation3: The maximum spectrum utilization varies with the numerology and carrier bandwidth. It is rather low efficient to define a single number for all cases .  
Observation4: For f-OFDM, the maximum spectral utilization (PRB based) remains constant, even with symbol-based truncation.
Based on the observations, we have the following proposal:

Proposal 1:  The maximum spectrum utilization definition in RAN4 should vary with numerology and carrier bandwidth, up to 99% spectrum utilization should be considered for above 20MHz carrier bandwidth.
2.3 Consideration on the asymmetric spectral utilization capability
The maximum spectrum utilization evaluation in sector 2.1 is based on specifically designed filter for both downlink and uplink, and assumes that 
1. The filters used in both BS and UE are highly spectrally localized with much less transition band.

2. The filters used in both Tx and Rx are highly spectrally localized with much less transition band.

Actually, filter design is just an implementation issue and also there exists some other spectrally confined techniques (e.g. windowing). Companies can choose different spectrally confined techniques or different parameters given a specific confined technique. Therefore, the maximum spectrum utilization may vary considering the diverse implementation schemes from different companies. To be specific, 

1. The spectrum utilization for downlink and uplink may be asymmetric

2. The spectrum utilization for transmitter side and receiver side may be asymmetric

Therefore, it is rather unrealistic to define a fixed Y number based on a specific spectrally confined technique. A preferable way is to define different value of Y for different BS/UE capabilities with compliance of related RF requirements e.g. EVM, ACLR, SEM, etc. The network will schedule UEs according to their supported Y values, which should be reported by UE when it accesses. Obviously, such approach can achieve a best trade-off between maximum spectrum utilization and diverse implementation techniques from different companies. 

Therefore, we have the following proposal:

Proposal 2:  RAN4 should allow different value of Y for different BS/UE capabilities with compliance of related RF requirements, e.g. EVM, ACLR, SEM, etc.
Proposal  3:  UE capability in terms of Y should be reported to network when it accesses network.
3 Conclusions

In this contribution, we provide the spectral utilization evaluation for f-OFDM for different numerologies and carrier bandwidths, and the issue of asymmetric spectrum utilization capability for Tx and Rx, BS and UE is also discussed. 
The following observations can be made,

Observation1: The EVM performance with f-OFDM, is manageable even for band edge 1PRB. 

Observation2: The carrier spectrum utilization (i.e. data transmission bandwidth) can be greatly improved with spectrally confined waveform (e.g. f-OFDM), with compliance of related RF requirements, e.g. EVM, ACLR, SEM.
Observation3: The maximum spectrum utilization varies with the numerology and carrier bandwidth. It is rather low efficient to define a single number for all cases .  
Observation4: For f-OFDM, the maximum spectral utilization (PRB based) remains constant, even with symbol-based truncation.
Based on the observations, we have the following proposals:
Proposal 1:  The maximum spectrum utilization definition in RAN4 should vary with numerology and carrier bandwidth, up to 99% spectrum utilization should be considered for above 20MHz carrier bandwidth. 
Proposal 2:  RAN4 should allow different value of Y for different BS/UE capabilities with compliance of related RF requirements, e.g. EVM, ACLR, SEM, etc.
Proposal 3:  UE capability in terms of Y should be reported to network when it accesses network.
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Appendix
The OOB and EVM evaluation for various carrier bandwidth and numerologies are provided as follows, 

A1.  Downlink performance without tail truncation 
· 5MHz carrier bandwidth
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Figure A.1-1 PSD and EVM for 5MHz carrier BW
Table A.1-1 EVM performance for 5MHz carrier BW 

	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	1.46%
	3.23%


· 10MHz carrier bandwidth
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Figure A.1-2 PSD and EVM for 10MHz carrier BW
Table A.1-2 EVM performance for 10MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	1.12%
	3.24%


· 20MHz carrier bandwidth
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Figure A.1-3 PSD and EVM performance for 20MHz carrier BW
Table A.1-3 EVM performance for 20MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	0.92%
	3.12%

	60kHz numerology
	1.62%
	4.16%


· 40MHz carrier bandwidth
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Figure A.1-4 PSD and EVM performance for 40MHz carrier BW
Table A.1-4 EVM performance for 40MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	0.76%
	3.33%

	60kHz numerology
	1.28%
	4.23%


A2.  Downlink performance with symbol-based truncation
· 5MHz carrier bandwidth
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Figure A.2-1 PSD and EVM for 5MHz carrier BW
Table A.2-1 EVM performance for 5MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	1.24%
	2.72%


· 10MHz carrier bandwidth
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Figure A.2-2 PSD and EVM for 10MHz carrier BW
Table A.2-2 EVM performance for 10MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	1.00%
	2.75%


· 20MHz carrier bandwidth
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Figure A.2-3 PSD and EVM for 20MHz carrier BW
Table A.2-3 EVM performance for 20MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	0.82%
	2.76%

	60kHz numerology
	1.42%
	3.56%


· 40MHz carrier bandwidth

[image: image23.png]PSD (dBm/30KHz)

Z%C 15KHz,data BW 221.0PRB, symbol-based truncation

-40

Downlink Rapp PA model,carrier BW 40MHz,

— OFDM
——f-OFDM (tail length 1024)
—— f-OFDM (tail length 206)
1-OFDM (tail length 103)

= ® =3GPP Spectrum Mask

20 20.5 21 215
Freq.(MHz)



[image: image24.png]PSD (dBm/30KHz)

-40

Downlink Rapp PA model,carrier BW 40MHz,

20SC 60KHz,data BW 55.0PRB, symbol-based truncation

——OFDM

—— -OFDM (tail length 1024)
—— -OFDM (tail length 52)
-OFDM (tail length 26)

= ® =3GPP Spectrum Mask

19.5

20

20.5 21 215
Freq.(MHz)





 [image: image25.png]EVM (dB)

Downlink Rapp PA model,carrier BW 40MHz,
51% 15KHz,data BW 221.0PRB,symbol-based truncation

-20

-25

-30 —— OFDM (Total band EVM 0.5%)
= {-OFDM (Total band EVM 0.7%)

-35 = = =LTE EVM requirement(64QAM)

A S tus v

0 50 100 150 200
Resource block index



 [image: image26.png]EVM (dB)

Downlink Rapp PA model,carrier BW 40MHz,

155()3 60KHz,data BW 55.0PRB,symbol-based truncation

— OFDM (Total band EVM 0.5%)
———{-OFDM (Total band EVM 1.1%)
= = =LTE EVM requirement(64QAM)

0 10 20 30 40 50

Resource block index




Figure A.2-4 PSD and EVM for 40MHz carrier BW
Table A.2-4 EVM performance for 40MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	0.69%
	2.77%

	60kHz numerology
	1.12%
	3.64%


A3.  Uplink without tail truncation

· 5MHz carrier bandwidth
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Figure A.3-1 PSD and EVM for 5MHz carrier BW
Table A.3-1 EVM performance for 5MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.35%
	6.06%


· 10MHz carrier bandwidth
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Figure A.3-2 PSD and EVM for 10MHz carrier BW
Table A.3-2 EVM performance for 10MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.37%
	5.99%


· 20MHz carrier bandwidth
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Figure A.3-3 PSD and EVM for 20MHz carrier BW
Table A.3-3 EVM performance for 20MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.40%
	6.11%

	60kHz numerology
	5.44%
	6.65%


· 40MHz carrier bandwidth
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Figure A.3-4 PSD and EVM for 40MHz carrier BW
Table A.3-4 EVM performance for 40MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.34%
	6.26%

	60kHz numerology
	5.42%
	6.69%


A4.  Uplink with symbol-based truncation
· 5MHz carrier bandwidth
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Figure A.4-1 PSD and EVM for 5MHz carrier BW
Table A.4-1  EVM performance for 5MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.28%
	5.83%


· 10MHz carrier bandwidth
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Figure A.4-2 PSD and EVM for 10MHz carrier BW
Table A.4-2 EVM performance for 10MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.35%
	5.87%


· 20MHz carrier bandwidth
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Figure A.4-3 PSD and EVM for 20MHz carrier BW
Table A.4-3 EVM performance for 20MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.36%
	6.00%

	60kHz numerology
	5.37%
	6.32%


· 40MHz carrier bandwidth
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Figure A.4-4 PSD and EVM for 40MHz carrier BW
Table A.4-4 EVM performance for 40MHz carrier BW
	
	Average EVM 
for the carrier bandwidth
	EVM
 for the band edge 1PRB

	15kHz numerology
	5.33%
	5.99%

	60kHz numerology
	5.36%
	6.44%


