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1. [bookmark: _Ref450834972]Introduction
The objective of this document is to present evaluation results of waveform study that is a part of the approved SID on Next New Radio Access Technology [1]. According to the time plan [2] the target for RAN1#85 is to narrow down the candidate waveform and for RAN1#86 to decide the basic waveform for NR. Therefore, in this contribution we provide results of numerical evaluations performed according to the waveform-relevant evaluation methodologies agreed in RAN1#84bis meeting. The following evaluation cases have been agreed in RAN1#84bis:
· 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)
where the detailed evaluation parameters for Case 1a/1b and Case 2 have been agreed (Appendix 7.1). Thus, this contribution presents link level simulation results for Case 1a, 1b, and Case 2. 
2. Evaluation setup
We evaluate CP-OFDM, f-OFDM, W-OFDM, UF-OFDM as discussed in [3]. We follow the evaluation methodology that was agreed in RAN1#84bis (Appendix 7.1). As we identified a few issues on computing user spectral efficiency, we will discuss these issues and present possible solutions as proposal.
2.1: User spectral efficiency for Case 1a
The general definition of the USE (user spectral efficiency) is given by 

For Case 1a the required bandwidth can be defined as , where  is the carrier bandwidth, e.g., 10 MHz,  is the transmission bandwidth, e.g., 9 MHz, and  is the entire guard band at the band edges. The intention of evaluating Case 1a is to show the possible increase in transmission bandwidth, or equivalently reduction of guard band due to different OOBE for different waveforms. 
We denote  and  as baseline bandwidth, e.g., based on LTE. Different values of  and  can be achieved by different waveforms. On the other hand, the spectral mask, e.g., as defined in LTE, is fixed, therefore also  should be fixed. With these assumptions, we identify the following issues that arise:
· Different values of transmission bandwidth impact TBS and coding rate
· It may be difficult to obtain comparable results among different waveforms if the TBS and code rate are not the same
Our proposal is to have a simple, but meaningful comparison of the USE for Case 1a as follows:
· Assume fixed 50 PRBs as  for channel coding regardless of the possible number of sub-carriers and obtain BLER for this transmission bandwidth for the different waveforms
· Evaluate by which value  signal transmission bandwidth could be increased (i.e., could be reduced) without violating the spectral mask
· This can be evaluated by inspection of PSD, i.e., without extra simulation effort (see Appendix 7.5)
· The waveform dependent transmission bandwidth can then be estimated as =+ or equivalently the waveform dependent guard bands as .
· With these assumptions, the required bandwidth used to calculate the USE becomes  leading to the formula for Case 1a

· Issue of different filter bandwidth compared to the case of really using a larger transmission bandwidth should be negligible.
In this manner it is possible to obtain comparable results by using the common TBS and coding rate for different waveforms that could achieve possibly different increase in transmission bandwidth.
Proposal 1: To evaluate Case 1a, simulate BLER for a fixed transmission bandwidth and consider the possible increase of transmission bandwidth by inspection of the PSD and spectral mask and by the following formula:

2.2 User spectral efficiency for Cases 1b and 2
In general  is defined as the data bandwidth plus guard band of the target UE. Our assumption how to evaluate this in detail is as follows:

with the following definitions:
 	number of information bits in correctly decoded transport blocks and can be obtained by                  TBS x (1-BLER) 
 	transmission time of the target user, e.g., one TTI, and can be obtained by 
 	symbol duration including cyclic prefix (CP) or zero padding (ZP)
 	number of transmitted symbols, e.g., per TTI
 	data bandwidth plus guard band of the target user
	transmission bandwidth of target user
 	total guard band of target user (either at system edge or between users)
This formula can be used to evaluate an FDD system. Whether or not to consider the filter tails as overhead for a FDD system needs to be clarified. 
For a TDD system, the same BLER simulations can be used. The GP duration is added to transmission time of target user for any switch between UL/DL (total time overhead depending on length of DL/UL phase). This guard period may contain the filter tails. The impact of the TDD system to the USE can be captured by the following formula:

with the following additional definitions:
 	number of switches between UL and DL and vice versa, e.g., per TTI
 	switching guard periods

Proposal 2: Evaluate the user spectral efficiency for FDD system by the following formula:

Proposal 3: Evaluate the user spectral efficiency for TDD system by the following formula:

2.3 Further details of simulation assumption
This section describes further details of our simulation assumptions. LTE DL frame structure is used. No control signals or pilots are transmitted, i.e., all REs are used for data transmission. LTE turbo code implementation and rate matcher is used. For a given number of REs for data transmission, the corresponding TBS is chosen to match given code rate. For mixed numerology we evaluate 30 kHz SC spacing for the interfering user as this is expected to be worse than 7.5 kHz. PA model is only used for a subset of simulations, because concrete PA model and parameter have not been agreed yet. Depending on the selection of PA model and parameters, e.g., back-off value, results may look different, so an inappropriate choice of these parameters may lead to wrong conclusions. We assume a simple clipping model with a certain back-off value considering the EVM and spectral mask requirement. Initially assumed back-off values are:
· 8 dB for case 1a
· 6 dB for case 1b
· 6 dB for case 2
EVM and PSD are measured for all waveforms after PA. In contrast to LTE definition, we will measure EVM without noise before demapper at the receiver side. The EVM will be measured with PA to see the effect of the PA. Cubic metric (CM) is reported for all simulated cases and measured before PA. It is calculated according to the following formula [4]:

Our detailed evaluation assumptions, which are aligned with the agreements (Appendix 7.1), are summarized in Table 1.
[bookmark: _Ref450836947]Table 1: Evaluation assumptions.

	Carrier frequency
	4 GHz

	Duplex 
	FDD, TDD considered by calculation 

	System Bandwidth 
	10 MHz

	TTI length 
	1 ms

	Subcarrier spacing 
	Single numerology case: 15 kHz 
Mixed numerology case: target user 15 kHz, interfering user 30 kHz

	Guard time interval
	LTE setting for 15 kHz SC spacing, for other SC spacing scale CP length to symbol duration. E.g. for SC spacing of 30 kHz, symbol duration is 33.33 μs and CP length should be 2.35 μs

	FFT size 
	1024 for 15 kHz SC spacing, 512 for 30 kHz SC spacing

	Data transmission bandwidth 
	Single numerology case:
50 PRBs for Case 1a
4 PRBs for Case 1b
Mixed numerology:
Bandwidth for target UE: 4 PRBs  (720 kHz) and 16 PRBs (2,88 kHz)
Bandwidth for interfering UE: similar absolute bandwidth as for target UE, 720 kHz and 2,88 MHz

	Guard tone number (G)
	[0,1,2] SCs  [0, 15, 30] kHz

	Antenna  configuration
	1 Tx and 1 Rx

	MCS 
	16QAM coding rate=1/2, 64QAM  coding rate=1/2, 256QAM  coding rate=3/4

	Control Overhead 
	Zero (all REs are used for data)

	Channel estimation
	Ideal

	Channel Model
	TDL-C with 300 ns delay spread for 1Tx and 1Rx, 3km/h


Further details for implementation of Case 2 with mixed numerology can be found in Appendix 7.2.
One additional parameter for f-OFDM is the tone offset (TO) as described in [3]. The tone offsets (empty subcarriers) are introduced inside the filter passband bandwidth which makes the filter bandwidth wider leading to a more flat power over the used data subcarriers.
3. Simulation results FDD
3.1 User spectral efficiency for Case 1a
LTE DL spectral mask is used to obtain the values for . For evaluation of  PA clipping model with back-off value of 8 dB was considered. The supporting PSD as well as BLER plots can be found in Appendix 7.5 and 7.6, respectively.
In the following results without and with PA clipping model are shown. For the case with clipping model the priority is on high order modulation schemes as they are most sensitive to distortions.
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Figure 1: USE for Case 1a, FDD, 16QAM with coding rate=1/2, 64QAM with coding rate =1/2, 256QAM with coding rate=3/4, no clipping.
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Figure 2: USE for Case 1a, FDD, 256QAM with coding rate=3/4, clipping with PA back-off of 8 dB.
The formula for the USE was evaluated on a per TTI basis and the following values were assumed:




Table 2: Parameters for USE evaluation of Case 1a, FDD
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	10 MHz

	/2 (kHz)
	0
	275
	475
	450
	330



3.2 User spectral efficiency for Case 1b
LTE UL spectral mask is used to obtain the values for . For evaluation of  PA clipping model with back-off value of 6 dB was considered. The supporting PSD as well as BLER plots can be found in Appendix 7.5 and 7.6, respectively.
To have a fair comparison, the value of  was scaled by the transmission bandwidth of the target user, i.e., only a fraction of  was used for the evaluation as the guard at the system edge is obtained for the 10 MHz carrier bandwidth.
Results without and with PA clipping model are shown below. For the case with clipping model the priority is on high order modulation schemes as they are most sensitive to distortions.
[image: ]
Figure 3: USE for Case 1b, FDD, 16QAM with coding rate=0.5, 64QAM with coding rate=0.5, 256QAM with coding rate=3/4, no clipping.
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Figure 4: USE for Case 1b, FDD, 256QAM with coding rate=3/4, clipping with PA back-off of 6 dB.
The formula for the USE was evaluated on a per TTI basis and the following values were assumed:
Table 3: Parameters for USE evaluation of Case 1b, FDD.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	720 kHz (= 4 PRBs)

	 (kHz)
	36
	36.8
	38.4
	37.6
	37.2



3.3 User spectral efficiency for Case 2
3.3.1 Narrowband case: target user and interfering user 720 KHz
[image: ]
Figure 5: USE for Case 2, FDD, both users have bandwidth of 720 KHz, 16QAM with coding rate=1/2, 64-QAM with coding rate=0.5, 256QAM with coding rate=3/4, no clipping.
[image: ]
Figure 6: USE for Case 2, FDD, both users have bandwidth of 720 kHz, 256QAM with coding rate=3/4, clipping with PA back-off value of 6 dB.


Table 4: Parameters for USE evaluation of Case 2, FDD, user transmission bandwidth of 720 KHz.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	720 kHz (= 4 PRBs)

	 (kHz)
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30




3.3.2 Wideband case: target user and interfering user 2.88 MHz
[image: ]
Figure 7: USE for Case 2, FDD, both users have bandwidth of 2.88 MHz, 64QAM with coding rate=0.5, 256QAM with coding rate=3/4, no clipping.







Table 5: Parameters for USE evaluation of Case 2, FDD, user transmission bandwidth of 2.88 MHz.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	2,88 MHz (= 16 PRBs)

	 (kHz)
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30



4. Simulation results TDD
4.1 User spectral efficiency for Case 1a
LTE DL spectral mask is used to obtain the values for . For evaluation of  PA clipping model with back-off value of 8 dB was considered. The supporting PSD as well as BLER plots can be found in Appendix 7.5 and 7.6, respectively.
Results without and with PA clipping model are shown below. For the case with clipping model the priority is on high order modulation schemes as they are most sensitive to distortions.
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Figure 8: USE for Case 1a, TDD, one UL/DL switch per TTI, 16QAM with coding rate=1/2, 64QAM with coding rate=1/2, 256QAM with coding rate=3/4, no clipping.
[image: ]
Figure 9: USE for Case 1a, TDD, one UL/DL switch per TTI, 256QAM with coding rate=3/4, clipping with PA back-off value 8 dB.
The formula for the USE was evaluated on a per TTI basis and the following values were assumed:

Table 6: Parameters for USE evaluation of Case 1a, TDD.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	10 MHz

	
	0
	0.047Ts
	0.5Ts
	0

	/2 (kHz)
	0
	275
	475
	450
	330


4.2 User spectral efficiency for case 1b
LTE UL spectral mask is used to obtain the values for . For evaluation of  PA clipping model with back-off value of 6 dB was considered. The supporting PSD as well as BLER plots can be found in Appendix 7.5 and 7.6, respectively.
To have a fair comparison, the value of  was scaled by the transmission bandwidth of the target user, i.e., only a fraction of  was used for the evaluation as the guard at the system edge is obtained for the 10 MHz carrier bandwidth.
Results without and with PA clipping model are shown below. For the case with clipping model the priority is on high order modulation schemes as they are most sensitive to distortions.
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Figure 10: USE for Case 1b, TDD, one UL/DL switch per TTI, 16QAM with coding rate=1/2, 64QAM with coding rate=1/2, 256QAM with coding rate=3/4, no clipping.
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Figure 11: USE for Case 1b, TDD, one UL/DL switch per TTI, 256-QAM with coding rate=3/4, clipping with PA back-off value of 6 dB.
The formula for the USE was evaluated on a per TTI basis and the following values were assumed:



Table 7: Parameters for USE evaluation of Case 1b, TDD.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	720 kHz (= 4 PRBs)

	
	0
	0.047Ts
	0.5Ts
	0

	 (kHz)
	36
	36.8
	38.4
	37.6
	37.2




4.3 User spectral efficiency for Case 2
4.3.1 Narrowband case: target user and interfering user 720 KHz
[image: ]
Figure 12: USE for Case 2, TDD, one UL/DL switch per TTI, both users have bandwidth of 720 KHz, 16QAM with coding rate=1/2, 64QAM with coding rate=1/2, 256QAM with coding rate=3/4, no clipping.
[image: ]
Figure 13: USE for Case 2, TDD, one UL/DL switch per TTI, both users have bandwidth of 720 KHz, 256QAM with coding rate=3/4, clipping with PA back-off value of 6 dB.

Table 8: Parameters for USE evaluation of Case 2, TDD, user transmission bandwidth of 720 kHz.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	720 kHz (= 4 PRBs)

	
	0
	0.047Ts
	0.5Ts
	0

	 (kHz)
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30




4.3.2 Wideband case: target user and interfering user 2.88 MHz
[image: ]
Figure 14: USE for Case 2, TDD, one UL/DL switch per TTI, both users have bandwidth of 2.88 MHz, 64QAM with coding rate=1/2, 256QAM with coding rate=3/4, no PA model considered for BLER simulations.

Table 9: Parameters for USE evaluation of Case 2, TDD, user transmission bandwidth of 2.88 MHz.
	
	OFDM
	W-OFDM
	f-OFDM
(TO=0)
	f-OFDM
(TO=4)
	UF-OFDM

	
	(TBS size) x (1-simulated BLER)

	
	14

	
	0.0714 ms

	
	2,88 MHz (= 16 PRBs)

	
	0
	0.047Ts
	0.5Ts
	0

	 (kHz)
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30
	0,15, 30



5. Discussion of simulation results
Observation 1: The clipping does not impact the guard requirements as long as the back-off value is chosen sufficiently large to fulfil the spectral mask.
Observation 2: Clipping with the assumed PA clipping model and back-off values in some cases significantly affects performance. Nevertheless, the basic observations mentioned below and the proposals still hold.



Observation 3: For Cases 1a and 1b, both FDD and TDD:
· UF-OFDM shows best performance, probably due to the avoidance of power waste by using zero padding instead of CP
· f-OFDM shows some degradation in Case 1b if no or small tone offset is assumed, but good performance in Case 1a
· W-OFDM shows good performance in all cases
Observation 4: For Case 2
· For 16-QAM and 64-QAM all waveform show similar performance, both FDD and TDD
· For 256-QAM CP-OFDM and UF-OFDM show worst performance due to high interference from neighbouring user, both FDD and TDD
· For FDD and 256-QAM f-OFDM shows good performance, W-OFDM shows reasonable performance, for TDD W-OFDM and f-OFDM show similarly good performance
Observation 5: Overall, F-OFDM and W-OFDM seem to be the best compromise as both show good performance in all cases.
Proposal 4: Consider W-OFDM and F-OFDM for further evaluations.
6. Summary
In this contribution, we present our views on performance of different candidate waveforms considering simulation setups and metrics agreed in RAN1#84bis. Following observations and proposals are made based on the discussion.
Observation 1: The clipping does not impact the guard requirements as long as the back-off value is chosen sufficiently large to fulfil the spectral mask.
Observation 2: Clipping with the assumed PA clipping model and back-off values in some cases significantly affects performance. Nevertheless, the basic observations mentioned below and the proposals still hold.
Observation 3: For Cases 1a and 1b, both FDD and TDD:
· UF-OFDM shows best performance, probably due to the avoidance of power waste by using zero padding instead of CP
· f-OFDM shows some degradation in Case 1b if no or small tone offset is assumed, but good performance in Case 1a
· W-OFDM shows good performance in all cases
Observation 4: For Case 2
· For 16-QAM and 64-QAM all waveform show similar performance, both FDD and TDD
· For 256-QAM CP-OFDM and UF-OFDM show worst performance due to high interference from neighbouring user, both FDD and TDD
· For FDD and 256-QAM f-OFDM shows good performance, W-OFDM shows reasonable performance, for TDD W-OFDM and f-OFDM show similarly good performance
Observation 5: Overall, f-OFDM and W-OFDM seem to be the best compromise as both show good performance in all cases.
Proposal 1: To evaluate Case 1a, simulate BLER for a fixed transmission bandwidth and consider the possible increase of transmission bandwidth by inspection of the PSD and spectral mask and by the following formula:

Proposal 2: Evaluate the user spectral efficiency for FDD system by the following formula:

Proposal 3: Evaluate the user spectral efficiency for TDD system by the following formula:

Proposal 4: Consider W-OFDM and f-OFDM for further evaluations.
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7. Appendix
7.1 Summary of evaluation methodology agreed in RAN1#84bis 
Link level simulation is used for waveform evaluation. Whether and how to do system level simulation for waveform is FFS.
The following evaluation metrics were agreed:
· User spectrum efficiency as performance metric
· Take into account guard band and time domain overhead. The values and their calculation method of guard band and time domain overhead should be reported.
· BLER vs SNR should be reported for calibration
· OOBE level is reported (Similar to ACLR but applied to adjacent sub-band/UE instead of carrier)
· EVM (FFS: clear definition)
· PAPR/Cubic metric
· UE Complexity (FFS: how to quantify) 
· The following is also reported
· Receiver waveform design
· Rx processing delay (FFS:  definition)
· Power spectral density
User spectrum efficiency is given by						
where  denotes the number of correctly received information bits by target user, T is the transmission time of the target user.  is defined as follows
· Case 1a:  =BWcarrier is the whole bandwidth including system guard band
· Case 1b, 2, 3, 4:  is the data bandwidth plus guard tone of the target UE.
Other Evaluation detailed assumption:
· Consider the RF nonlinearity in the evaluation cases of R1-163558
· RAN1 can consider the following models for PA modeling, i.e. Rapp model (AM/AM, AM/PM) and/or Clipping model with different thresholds
· Companies should provide the model parameters (operating point, back-off value etc.) and justification (e.g., EVM, OOBE/PSD)
Parameters for case 1a/1b and case 2:
[image: ]

7.2 Mixed numerology details for case 2
	
	
	Target user: 15 kHz                           (14 symb – 1024 FFT – 48 SC)
	Interfering user: 30 kHz                    (28 symb – 512 FTT – 24 SC)

	OFDM
	CP length
	72 samples
	36 samples

	W-OFDM
	# samples in taper region
	2*round(1024*0.05/2) =  52 samples on each side
	2*round(1024*0.05/2) =  52 samples on each side

	UF-OFDM
	Filter length
	73
	37

	
	Filter BW
	12 SC (1 PRB) – 180 kHz
	6 SC – 180 kHz

	
	# blocks
	4
	4

	f-OFDM
	Filter length
	512
	512

	
	Filter BW
	48 SC – 720 kHz
	24 SC – 720 kHz



7.3 Cubic metric for all simulations
	
	CP-OFDM
	W-OFDM
	f-OFDM
w/o tails
	UF-OFDM

	
	4RBs

	QPSK
	3.91
	3.96
	 3.93
	4.36

	16QAM
	3.96
	3.99
	3.93
	4.37

	64QAM
	3.96
	4
	3.97
	4.4

	256QAM
	3.95
	4
	3.98
	4.4

	
	16 RBs

	QPSK
	3.98
	4
	3.99
	4.44

	16QAM
	3.99
	4
	3.99
	4.44

	64QAM
	3.99
	4
	3.99
	4.44

	256QAM
	3.99
	4
	3.99
	4.44

	
	50 RBs

	QPSK
	4
	4
	4
	4.45

	16QAM
	4
	4
	4
	4.45

	64QAM
	4
	4
	4
	4.45

	256QAM
	4
	4
	4
	4.45






7.4 EVM for all simulations

	50 PRB / 8dB back-off
	CP-OFDM
	W-OFDM
	f-OFDM
	UF-OFDM

	256-QAM
	0.8%
	0.8%
	2%
	1%



	4 PRB / 6dB back-off
	CP-OFDM
	W-OFDM
	f-OFDM
	UF-OFDM

	256-QAM
	3%
	3%
	4.5%
	4.5%


7.5 PSD w/ and w/o PA clipping and evaluation of 
7.5.1 CP-OFDM, 50 PRBs, 8 dB PA power back-off
[image: ]

7.5.2 W-OFDM, 50 PRBs, 8 dB PA power back-off
[image: ]

[image: ]

[bookmark: _GoBack]
7.5.3 f-OFDM, no tone offset, 50 PRBs, 8 dB PA power back-off
[image: ]
[image: ]


7.5.4 f-OFDM, 60 KHz tone offset 50 PRBs 8 dB PA power back-off
[image: ]

[image: ]


7.5.5 UF-OFDM, 50 PRBs, 8 dB PA power back-off
[image: ]

[image: ]


7.5.6 CP-OFDM, 4 PRBs, 6 dB PA power back-off
[image: ]
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7.5.7 W-OFDM, 4 PRBs, 6 dB PA power back-off
[image: ]
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7.5.8 f-OFDM, no tone offset, 4 PRBs, 6 dB PA power back-off
[image: ]
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7.5.9 f-OFDM, 60 KHz tone offset, 4 PRBs, 6 dB PA power back-off
[image: ]


[image: ]

7.5.10 UF-OFDM, 4 PRBs, 6 dB PA power back-off
[image: ]
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7.6 BLER w/ and w/o PA clipping 
7.6.1 Case 1a – 50 PRBs – TDL-C (300 ns) – w/o PA clipping

[image: ]
7.6.2 Case 1a – 50 PRBs – TDL-C (300 ns) – 256QAM coding rate=3/4 – w/ PA clipping back-off value 8 dB

[image: ]
7.6.3 Case 1b – 4 PRBs – TDL-C (300 ns) – w/o PA clipping
[image: ]
7.6.4 Case 1b – 4 PRBs – TDL-C (300 ns) – 256QAM coding rate=3/4 – w/ PA clipping back-off value 6 dB
[image: ]



7.6.5 Case 2 – 4 PRBs – TDL-C (300 ns) – 16QAM coding rate=1/2 – w/o PA clipping 
[image: ]
7.6.6 Case 2 – 4 PRBs – TDL-C (300 ns) – 64QAM coding rate=1/2 – w/o PA clipping 
[image: ]




7.6.7 Case 2 – 4 PRBs – TDL-C (300 ns) – 256QAM coding rate=3/4 – w/ and w/o PA clipping 
[image: ]
7.6.8 Case 2 – 16 PRBs – TDL-C (300 ns) – 64QAM coding rate=1/2 – w/o PA clipping 
[image: ]
7.6.9 Case 2 – 16 PRBs – TDL-C (300 ns) – 256QAM coding rate=3/4 – w/o PA clipping 
[image: ]
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