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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a work item agreed in RAN#94-e, namely “Further NR coverage enhancements” [1]. We consider power domain enhancements and the following objectives captured in the WID:

· Study and if necessary specify following power domain enhancements
· […]
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

In this contribution we provide results of the UE transmitter performance for power domain enhancements (objective related to MPR/PAR reduction). We evaluate the performance of different filter-extension combinations for FDSS in FR1 and FR2 from the transmitter point of view. Furthermore, we evaluate tone reservation for DFT-s-OFDM waveform. We provide the net gain results in APPENDIX.

In this paper we focus on non- transparent schemes. The corresponding results for transparent schemes are shown in [5]. Based on the following agreement made in RAN1 #110bise, FDSS w/ SE and Tone reservation are the non-transparent scheme according to WID (FDSS w/o SE is a transparent scheme). Hence, we’ll focus on those two. 

Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)

The following agreement was made in RAN4 #104bis-e. Based on that, we use DFT-s-OFDM for evaluations.

Agreement: 
· DFT-s-OFDM is considered for future study for DFT-s-OFDM for FDSS w SE or w/or SE and Tone Reservation. 
· Whether CP-OFDM for tone reservation can be discussed is FFS. 

2	Simulation parameters
Simulation parameters used in these simulations are shown in Table 1 for FR1, and in Table 2 for FR2, respectively. 
Table 1 Simulation parameters for FR1 for FDSS 
	Carrier frequency
	4GHz

	Channel BW
	Case 1: 20 MHz
Case 2: 100 MHZ

	SCS
	Case 1: 15/30/60 kHz
Case 2: 30 kHz

	DMRS config
	ZC, 2 symbols

	Modulation
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3




Table 2 Simulation parameters for FR2 for FDSS 
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125, 0.25, 0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3




3	Simulation results, QPSK
3.1 FR1 MPR results for FDSS
Simulation results with required MPR for FR1 are shown in this section. For completeness, the required MPR for legacy DFT-s-OFDM (i.e., without FDSS) is included in the figures.
[bookmark: _Hlk117761840]3.1.1 FR1 MPR results for 20 MHz channel, 15 kHz SCS
Figure 1 shows the required MPR for the different combinations of filter and extensions in the case of 16, 32, 64 and 96 PRB. It can be seen that different filter-extension combinations provide the lowest MPR depending on the allocation size. A filter-extension combination that performs well in this channel is the [0.335 1 0.335] filter with 25% extension. But the same filter with 37.5% extension provides the lowest MPR in the smaller allocations. Overall, up to 1.5 dB lower MPR can be obtained with respect to legacy DFT-s-OFDM.
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Figure 1 Required MPR for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (bottom left) and 96 PRB (bottom right)
Figure 2 shows the required MPR for the different combinations of filter and extensions in the case of 16, 32, 64 and 96 PRB. The emphasize in Figure 2 (compared to Figure 1) is that it includes results for [0.28 1 0.28] filter (in addition to three other filtering options (No filter, TRCC, [0.335 1 0.335]). It can be noted that less aggressive [0.28 1 0.28] filter provides good performance especially for inner RB regions and small RB allocation. On the other hand, more aggressive [0.335 1 0.335] filter provides the smallest MPR for outer RB allocations and larger RB allocations.  
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Figure 2 Required MPR for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (bottom left) and 96 PRB (bottom right)

Observation 1: Transmitter performance varies with the allocation size in 20 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation 2: Less aggressive filters provide good performance especially for inner RB regions and small RB allocations. On the other hand, more aggressive filter provides the smallest MPR for outer RB allocations and larger RB allocations.
Observation 3: Non-transparent schemes outperform transparent schemes at least in terms of the amount of MPR reduction 

3.1.2 FR1 MPR results for 20 MHz channel, 30 kHz SCS
Figure 3 shows the required MPR for the different combinations of filter and extensions in the case of 8, 16, 32 and 48 PRB. When compared to results with 15 kHz SCS (Figure 2), it can be noted that for similar FDRA, the OBO behaviour is very similar between 15 kHz and 30 kHz SCSs.
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Figure 3 Required MPR for 20 MHz channel, 30 kHz SCS with the evaluated filters, for 8 PRB (top left), 16 PRB (top right), 32 PRB (bottom left) and 48 PRB (bottom right).
Observation 4: For similar FDRA, OBO behaviour is very similar between different SCSs.

3.1.3 FR1 MPR results for 20 MHz channel, 60 kHz SCS
Figure 4 shows the required MPR for the different combinations of filter and extensions in the case of 4, 8, 16 and 24 PRB. When compared to results with 15 kHz SCS (Figure 2) and with 30 kHz SCS (Figure 3), it can be noted again, that for similar FDRA, the OBO behaviour is very similar between different SCSs.
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Figure 4 Required MPR for 20 MHz channel, 30 kHz SCS with the evaluated filters, for 8 PRB (top left), 16 PRB (top right), 32 PRB (bottom left) and 48 PRB (bottom right).

3.1.2 FR1 MPR results for 100 MHz channel, 30 kHz SCS
Figure 5 shows the required MPR for different combinations of filter and extensions in the case of 16, 32, 64, 128 and 256 PRB. Similarly, as for the 100 MHz channel, different filter-extension combinations offer the lowest MPR depending on the allocation size. Overall, TRRC and [0.335 1 0.335] with 25% extension offer a good performance. In the small allocations, [0.335 1 0.335] with 37.5% has the lowest MPR, and for fully allocated channel (256 PRB) [0.335 1 0.335] with 25% extension performs the best.
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Figure 5 Required MPR for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (middle left) and 128 PRB (middle right) and 256 PRB (bottom)

Figure 6 shows the required MPR for the different combinations of filter and extensions in the case of 16, 32, 64, 128, 256  PRBs. The emphasize in Figure 6 (compared to Figure 5) is that it includes results for [0.28 1 0.28] filter (in addition to three other filtering options (No filter, TRCC, [0.335 1 0.335]). It can be noted that less aggressive [0.28 1 0.28] filter provides good performance especially for inner RB regions and small RB allocation. On the other hand, more aggressive [0.335 1 0.335] filter provides the smallest MPR for outer RB allocations and larger RB allocations.  
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Figure 6 Required MPR for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (middle left) and 128 PRB (middle right) and 256 PRB (bottom)

Observation 5: Transmitter performance varies with the allocation size in 100 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation 6: Up to 1.5 dB lower MPR can be obtained with respect to legacy DFT-s-OFDM in both 20 MHz and 100 MHz channels.
3.2 FR2 MPR results for FDSS
3.2.1 FR2 MPR results for FDSS
Figure 7 shows the required MPR for different combinations of filter and extensions in the case of 16, 32, 64, 128 and 256 PRBs. Similarly, as for FR1, different filter-extension combinations offer the lowest MPR depending on the allocation size. Overall, [0.335 1 0.335] with 37.5% extension offers a good performance over the evaluated allocations. TRRC and [0.335 1 0.335] with 25% extension are overall a good filter-extension choice.
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Figure 7 Required MPR for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (middle left) and 128 PRB (middle right) and 256 PRB (bottom)

3.3 FR1 MPR results for tone reservation for DFT-s-OFDM
Figure 8 shows the required MPR for QPSK and 16QAM for the 100 MHz channel with 30 kHz SCS for an allocation in the channel centre. For tone reservation, the portion of the reserved resources to carry the peak cancellation signal (PCS) is the same as for FDSS. It can be seen from the figures that for QPSK, tone reservation has larger OBO than FDSS. On the other hand, for 16QAM, tone reservation offers the lowest OBO. This is due to the fact that 16QAM is more prone to be EVM limited, and while FDSS introduces some degradation to the EVM, tone reservation does not modify the inband, thus higher order modulations may benefit from tone reservation techniques, at least from the transmitter point of view.
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Figure 8 Required MPR for 100 MHz channel, 30 kHz SCS with QPSK (left) and 16QAM (right)
Observation 7: From the transmitter point of view, tone reservation does not offer gains with respect to FDSS with spectral extension for QPSK modulation and DFT-s-OFDM.
Observation 8: Higher order modulations (than QPSK) may benefit from tone reservation over FDSS from the transmitter point of view.


3.4 Summary of the OBO results (non-transparent schemes)
In the following, we provide summarize the OBO results shown in Section 3.1 (FR1), and Section 3.2 (FR2):
1. Power gain from non-transparent schemes (compared to the case without filter) can be up-to 2.5 dB (see e.g., Figure 6). 
· The largest power gain from non-transparent schemes (compared to the case without filter) is achieved for the largest RB allocations. However, considerable power gain is available also for smaller allocations (see e.g., Figure 1, Figure 5).
· Depending on the filter, power gain from non-transparent schemes can be bigger for outer allocations (compared to inner allocations).
· Power gain from non-transparent scheme is available for both FR1 and FR2
· For similar allocations OBO behaviour is very similar between different SCSs.
· There are no major differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.
2. Power boosting is mandatory to take the full power gain benefit from non-transparent schemes.
3.5 Summary of the net gain results (see Appendix C)
In the following, we summarize the net gain results for provided in APPENDIX C. The net gain result combines transmitter results (APPENDIX A), Receiver results (APPENDIX B) and they’re given with respect to a reference waveform, which corresponds to legacy DFT-s-OFDM without FDSS and without spectrum extension. 
1. Net gain from non-transparent scheme varies according to Tx filter, extension size, code rate, and RB allocation.
· Considerable net gains are observed for all RB allocations. For inner allocations, the gains can be more than 1.5 dB (see e.g., Figure C8). For outer allocations, the gains can be more than 2 dB (see e.g., Figure C4).  
· Net gain is biggest for the largest RB allocations. However, net gain around 1 dB is available also for the smallest RB allocation (16RBs) considered in simulation scenarios (see Figures C2, C6).
· Net gain reduces with when the code rate increases. However, for large RB allocations notable net gain is available even for the highest code rates considered in the simulation scenarios[footnoteRef:2] (see e.g., Figure C9). [2:  See code rates in Table A3] 

· Trend: Less aggressive filters (such as TRRC) maximize the net gain for small/inner allocations, while more aggressive filters (such as [0.335 1 0.335]) maximize the net gain for large/outer allocations. 
· 25% extension maximizes the net gain in most of the simulation scenarios.
· 20 MHz CBW and 100 MHz CBW provide similar net gains.
· Similar net gains are available for both FR1 and FR2.
2. Net gain from transparent scheme is typically 1-1.5 dB smaller compared to that of non-transparent schemes. For the largest allocations, the difference is up-to 2 dB (see e.g., Figure C10). In many cases (esp. with FR2) the net gain from transparent schemes is close to zero.

[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this contribution we provided results of the UE transmitter performance for power domain enhancements. The focus of this paper was on non-transparent schemes. Based on the results we make the following observations:

Observation 1: Transmitter performance varies with the allocation size in 20 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation 2: Less aggressive filters provide good performance especially for inner RB regions and small RB allocations. On the other hand, more aggressive filter provides the smallest MPR for outer RB allocations and larger RB allocations.
Observation 3: Non-transparent schemes outperform transparent schemes at least in terms of the amount of MPR reduction 
Observation 4: For similar FDRA, OBO behaviour is very similar between different SCSs.
Observation 5: Transmitter performance varies with the allocation size in 100 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation 6: Up to 1.5 dB lower MPR can be obtained with respect to legacy DFT-s-OFDM in both 20 MHz and 100 MHz channels.
Observation 7: From the transmitter point of view, tone reservation does not offer gains with respect to FDSS with spectral extension for QPSK modulation and DFT-s-OFDM.
Observation 8: Higher order modulations (than QPSK) may benefit from tone reservation over FDSS from the transmitter point of view.
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APPENDIX
The following was agreed in RAN4 #104bis-e
Agreement: 
Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance
In this appendix, we provide net gain analysis for both FDSS w/o SE, and Tone reservation. We provide receiver performance results in Appendix A, transmitter performance results in Appendix B and net gain results in Appendix C. 
Appendix D provides simulation results for pi/2 BPSK with and without SE.
APPENDIX A: 
Receiver performance results
In this appendix we provide results of the BS receiver performance for power domain enhancements. 

Studies earlier done in 3GPP in coverage enhancement context in Rel-16/17 timeframe are coverage enhancements SI/WI and pi/2 BPSK optimizations WI. It would be beneficial to keep the simulation assumptions as similar to those used in these studies as possible.  

The simulation assumptions used for coverage enhancement SI are captured in Annex A.1 for FR1 and in Annex A.2 for FR2 [3]. Table A1 and Table A2 show the proposed parameters selected based on those. 

The main difference between Tables A1/A2 and Annexes of [3] is that NR coverage study considers only one data rate for the selected scenario (such as 1Mbps for UL in Urban scenario), and only one PRB allocation (such as 30 PRBs). In here, we propose to study the coding rate and bandwidth aspects in more details to see e.g. how channel estimation works in different scenarios. For that reason, we propose to consider 6 different coding rates and several different PRB allocations, respectively. 

Some of the proposed methods for power domain enhancements (spectrum extension, tone reservation) use frequency band allocation extension to improve PAPR performance. It is beneficial to be able to define excess bands that are full PRBs and hence the extension factor values in Table A1 and Table A2 are proposed. 
 
In this appendix we provide results for spectrum shaping with and without spectrum extension. Spectrum extension is a method which uses excess band allocation in addition to inband to reduce PAPR of the signal. Basic principle is that part of the inband signal is copied to excess band, hence extending the used bandwidth. In these simulations the receiver used with extension is combining signals from inband and excess bands to improve receiver performance and utilize the excess band power.
Frequency domain spectrum shaping is a PAPR reduction method where signal is filtered in frequency domain. It has been used in pi/2 BPSK optimization work. It can be applied similarly to signal with spectrum extension, just the total bandwidth is filtered. Two filters are used in these simulations, FD implementation of three tap filter [0.335,1,0.335] and truncated RRC. First one is used here as an example of very aggressive filter whereas latter is less aggressive as can be seen in Figure A1.
As can be seen several bandwidths and extension factors are used in simulations to get comprehensive picture of the performance of each of the methods. Extension factor (a) used here is defined as excess bandwidth divided by sum of inband bandwidth and excess band bandwidth.
Both spectrum extension and tone reservation use excess band to reduce PAPR. When comparing such methods with each other or to some methods not using the excess band it is important to do the comparison in a fair manner. This can be ensured by using the same bandwidth for all compared cases. Also spectral efficiency should be kept the same i.e. the TBS used should be the same. This means that the code rates for different cases should be changed according to inband size. To do this a set of code rate schemes have been developed as shown in Table A3. Since the total bandwidth and the TBS remain the same as extension size increases the code rate increases within the same scheme (see Table 1). Schemes used are named cr0-cr5 and the code rate increases from low to high as the scheme index increases.
Observation A1: Ensure fair comparison between different methods by keeping the total bandwidth and the spectral efficiency the same for all compared cases.

Table A1 Simulation parameters for FR1
	Carrier frequency
	4GHz

	Channel BW
	20, 100MHz

	SCS
	15, 30kHz

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Channel estimation
	Frequency domain

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	DMRS config
	ZC, 2 symbols

	Waveform
	DFT-S-OFDM

	HARQ config
	No retransmissions

	Num PRBs
	20MHz: 16,32,64,96 
100MHz: 16,32,64,128,256

	Extension factors
	0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Frequency hopping 
	No

	BLER
	10 %

	Spectral shaping filter
	3-tap, FD implementation
Truncated RRC




Table A2 Simulation parameters for FR2
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	Channel model
	TDL-A 30ns

	UE speed
	3km/h

	Channel estimation
	Frequency domain

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	DMRS config
	ZC, 2 symbols

	Waveform
	DFT-S-OFDM

	HARQ config
	No retransmissions

	Num PRBs
	400MHz: 16,32,64,128,256

	Extension factors
	0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Frequency hopping 
	No

	BLER
	10 %

	Spectral shaping filter
	3-tap, FD implementation
Truncated RRC
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Figure A1 Positive side of the frequency-domain allocation with different spectrum shaping filters.

Table A3 Code rate schemes used for simulations
	Scheme
	QPSK CR
	QPSK extension CR

	 
	 
	extension factor

	 
	 
	0.125
	0.25
	0.375

	cr0
	  1/16
	  1/14
	  1/12
	  1/10

	cr1
	 1/8
	  1/7 
	  1/6 
	  1/5 

	cr2
	 1/6
	  4/21
	  2/9 
	  4/15

	cr3
	 1/4
	  2/7 
	  1/3 
	  2/5 

	cr4
	 1/3
	  8/21
	  4/9 
	  8/15

	cr5
	 1/2
	  4/7 
	  2/3 
	  4/5 



Simulation results for FR1 20MHz CBW case are shown in Figure A2. Results are shown for baseline QPSK case, truncated RRC (TRRC) without extension and with three different extension factors and similar set for three tap FD filter.
As can be seen the introduction of shaping and extension decreases receiver performance compared to the baseline QPSK. This is an expected result and the coverage gain of these methods should be coming from increased Tx power, which should exceed the reduced receiver performance.
Performance reduction is higher for the more aggressive filter and for the higher code rates. In general performance reduction is lower for case with extension compared to the case without extension. 
Best performance for TRRC filter is obtained with lower extension factors 0.125 and 0.25, 0.375 seems to be too much for most cases. For more aggressive three tap filter the small extension is the worst case. The middle value 0.25 looks like a good compromise in all cases. In general differences between methods increase with higher bandwidth. 
Simulation results for FR1 100MHz CBW and FR2 400MHz CBW are shown in Figures A3 and A4, respectively. Despite some difference the results are in big picture similar to the FR1 20MHz ones. Anyway, the actual conclusion of the methods cannot be made based on receiver performance but net gain results combining transmitter and receiver performance should be investigated.
Observation A2: Receiver performance reduction is higher for the more aggressive filter.
Observation A3: With spectrum shaping the receiver performance reduction is lower for case with extension compared to the case without extension.
Observation A4: Extension factor 0.25 looks like a good compromise.
Observation A5: Actual conclusion of the methods should be based on net gain results combining transmitter and receiver performance.
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Figure A2 SNR corresponding to 10% BLER for bandwidths 16,32,64 and 96 for FR1 20MHz CBW.
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Figure A3 SNR corresponding to 10% BLER for bandwidths 16,32,64,128 and 256 for FR1 100MHz CBW.
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Figure A4 SNR corresponding to 10% BLER for bandwidths 16,32,64,128 and 256 for FR2 400MHz CBW.

APPENDIX B: 
Transmitter performance results
In this appendix we provide results of the UE transmitter performance for power domain enhancements. We evaluate the performance of different filter-extension combinations for FDSS in FR1 and FR2 from the transmitter point of view. Furthermore, we evaluate tone reservation for DFT-s-OFDM waveform.

Simulation parameters used in these simulations are shown in Table B1 for FR1, and in Table B2 for FR2, respectively. As discussed in Appendix A the intention with the parameters is to keep them as similar as possible to the ones used in coverage enhancement study and pi/2 BPSK optimization. 
In this appendix we provide results for spectrum shaping with and without spectrum extension. Spectrum extension is a method which uses excess band allocation in addition to inband to reduce PAPR of the signal. Basic principle is that part of the inband signal is copied to excess band, hence extending the used bandwidth. The filters used for evaluations are shown in Figure B1.
Table B1 Simulation parameters for FR1 for FDSS
	Carrier frequency
	4GHz

	Channel BW
	20, 100MHz

	SCS
	15, 30kHz

	DMRS config
	ZC, 2 symbols

	Modulation
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	20MHz: 16, 32, 64, 96 
100MHz: 16, 32, 64, 128, 256

	Allocation type
	Sweep over the channel

	Extension factors
	0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	3-tap [0.335 1 0.335], FD implementation
Truncated RRC

	Power class
	PC 3




Table B2 Simulation parameters for FR2 for FDSS
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	400MHz: 16, 32, 64, 128, 256

	Allocation type
	Sweep over the channel

	Extension factors
	0.125, 0.25, 0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	3-tap [0.335 1 0.335], FD implementation
Truncated RRC

	Power class
	PC 3



Frequency domain spectrum shaping is a PAPR reduction method where signal is filtered in frequency domain. It has been used in pi/2 BPSK optimization work. It can be applied similarly to signal with spectrum extension, just the total bandwidth is filtered. Two filters are used in these simulations, FD implementation of three tap filter [0.335,1,0.335] and truncated RRC. First one is used here as an example of very aggressive filter whereas latter is less aggressive as can be seen in Figure B1.
As can be seen several bandwidths and extension factors are used in simulations to get comprehensive picture of the performance of each of the methods. Extension factor (a) used here is defined as excess bandwidth divided by sum of inband bandwidth and excess band bandwidth.
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Figure B1 Positive side of the frequency-domain allocation with different spectrum shaping filters.

B.1 FR1 MPR results for FDSS
Simulation results with required MPR for FR1 are shown in this section. For completeness, the required MPR for legacy DFT-s-OFDM (i.e., without FDSS) is included in the figures.
B.1.1 FR1 MPR results for 20 MHz channel, 15 kHz SCS
Figure B2 shows the required MPR for the different combinations of filter and extensions in the case of 16, 32, 64 and 96 PRB. It can be seen that different filter-extension combinations provide the lowest MPR depending on the allocation size. A filter-extension combination that performs well in this channel is the [0.335 1 0.335] filter with 25% extension. But the same filter with 37.5% extension provides the lowest MPR in the smaller allocations. Overall, up to 1.5 dB lower MPR can be obtained with respect to legacy DFT-s-OFDM.
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Figure B2 Required MPR for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (bottom left) and 96 PRB (bottom right)
Observation B1: Transmitter performance varies with the allocation size in 20 MHz channel: small allocations benefit for larger extension than larger allocations.

B.1.2 FR1 MPR results for 100 MHz channel, 30 kHz SCS
Figure B3 shows the required MPR for different combinations of filter and extensions in the case of 16, 32, 64, 128 and 256 PRB. Similarly, as for the 100 MHz channel, different filter-extension combinations offer the lowest MPR depending on the allocation size. Overall, TRRC and [0.335 1 0.335] with 25% extension offer a good performance. In the small allocations, [0.335 1 0.335] with 37.5% has the lowest MPR, and for fully allocated channel (256 PRB) [0.335 1 0.335] with 25% extension performs the best.
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Figure B3 Required MPR for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (middle left) and 128 PRB (middle right) and 256 PRB (bottom)

Observation B2: Transmitter performance varies with the allocation size in 100 MHz channel: small allocations benefit for larger extension than larger allocations.
Observation B3: Up to 1.5 dB lower MPR can be obtained with respect to legacy DFT-s-OFDM in both 20 MHz and 100 MHz channels.
B.2 FR2 MPR results for FDSS
B.2.1 FR2 MPR
Figure B4 shows the required MPR for different combinations of filter and extensions in the case of 16, 32, 64, 128 and 256 PRBs. Similarly, as for FR1, different filter-extension combinations offer the lowest MPR depending on the allocation size. Overall, [0.335 1 0.335] with 37.5% extension offers a good performance over the evaluated allocations. TRRC and [0.335 1 0.335] with 25% extension are overall a good filter-extension choice.
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Figure B4 Required MPR for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 16 PRB (top left), 32 PRB (top right), 64 PRB (middle left) and 128 PRB (middle right) and 256 PRB (bottom)

B.3 FR1 MPR results for tone reservation for DFT-s-OFDM
Figure B5 shows the required MPR for QPSK and 16QAM for the 100 MHz channel with 30 kHz SCS for an allocation in the channel centre. For tone reservation, the portion of the reserved resources to carry the peak cancellation signal (PCS) is the same as for FDSS. It can be seen from the figures that for QPSK, tone reservation has larger OBO than FDSS. On the other hand, for 16QAM, tone reservation offers the lowest OBO. This is due to the fact that 16QAM is more prone to be EVM limited, and while FDSS introduces some degradation to the EVM, tone reservation does not modify the inband, thus higher order modulations may benefit from tone reservation techniques, at least from the transmitter point of view.
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Figure B5 Required MPR for 100 MHz channel, 30 kHz SCS with QPSK (left) and 16QAM (right)
Observation B4: From the transmitter point of view, tone reservation does not offer gains with respect to FDSS with spectral extension for QPSK modulation and DFT-s-OFDM.
Observation B5: Higher order modulations (than QPSK) may benefit from tone reservation over FDSS from the transmitter point of view.



















APPENDIX C: 
Net gain evaluations
In this appendix we provide evaluations of net gain for power domain enhancements. 
In this appendix we characterize the net gain of different shaping filters considering transmitter performance from Appendix B and link level performance from Appendix A. 
Simulation parameters used in these simulations are shown in Tables C1 and C2 for FR1 and FR2, respectively. As discussed in Appendix A the intention with the parameters is to keep them as similar as possible to the ones used in coverage enhancement study and pi/2 BPSK optimization. 
In this appendix we provide results for spectrum shaping with and without spectrum extension. Spectrum extension is a method which uses excess band allocation in addition to inband to reduce PAPR of the signal. Basic principle is that part of the inband signal is copied to excess band, hence extending the used bandwidth. The filters used for evaluations are shown in Figure C1.
Table C1 Simulation parameters for FR1 for FDSS
	Carrier frequency
	4GHz

	Channel BW
	20, 100MHz

	SCS
	15, 30kHz

	DMRS config
	ZC, 2 symbols

	Modulation
	QPSK

	Waveform
	DFT-S-OFDM

	Number of PRBs
	20MHz: 16,32,64,96 
100MHz: 16,32,64,128,256

	Allocation type
	Sweep over the channel

	Extension factors
	0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	3-tap [0.335 1 0.335], FD implementation
Truncated RRC

	Power class
	PC 3




Table C2 Simulation parameters for FR2 for FDSS
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Number of PRBs
	400MHz: 16,32,64,128,256

	Allocation type
	Sweep over the channel

	Extension factors
	0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	3-tap [0.335 1 0.335], FD implementation
Truncated RRC

	Power class
	PC 3



Frequency domain spectrum shaping is a PAPR reduction method where signal is filtered in frequency domain. It has been used in pi/2 BPSK optimization work. It can be applied similarly to signal with spectrum extension, just the total bandwidth is filtered. Two filters are used in these simulations, FD implementation of three tap filter [0.335,1,0.335] and truncated RRC. First one is used here as an example of very aggressive filter whereas latter is less aggressive as can be seen in Figure C1.
As can be seen several bandwidths and extension factors are used in simulations to get comprehensive picture of the performance of each of the methods. Extension factor used here is defined as excess bandwidth divided by sum of inband bandwidth and excess band bandwidth.

[image: ]
Figure C1 Positive side of the frequency-domain allocation with different spectrum shaping filters.

Net gain analysis:
In RAN4 #105, it was “encouraged to describe a metric used for net gain evaluation”. The metric used in our net gain evaluation is depicted below. 
[bookmark: _Hlk114854658]In order to characterize the filters, it is needed to consider both the transmitter performance (i.e., the achievable output power) from Appendix B and the link level performance, obtained in Appendix A. One important issue to note is that when different schemes are compared against each other, the amount of resources should be the same. The link simulations assume that the receiver is not aware of the used shaping filter. With transmitter and receiver results, it is possible to compute the net gain with respect to a reference waveform, which in this study corresponds to legacy DFT-s-OFDM (i.e., without FDSS or tone reservation). The net gain expression is: 

Where  is the achieved (TX) output power of the filtered  waveform being compared against the reference,  is the output power of the reference,  is the required SNR to achieve 10% BLER with the reference, and  is the required SNR to achieve 10% BLER using the filtered  waveform being compared against the reference. 
Observation C1: Actual conclusion of the methods should be based on net gain results combining transmitter and receiver performance. 

C.1 FR1 Net gain results for FDSS
Net gain results for FR1 are shown in this section. 
C.1.1 FR1 Net gain results for 20 MHz channel, 15 kHz SCS
C.1.1.1 20MHz/15kHz 16 PRB
Figure C2 shows the net gain for the different combinations of filter and extensions in the case of 16 PRB and all the tested code rates (see Appendix A for more details) where the spectrum efficiency lost by the extension is compensated with higher coding rate. From the results, the TRRC filter with 25% extension provides the largest net gain of up to 1 dB for small coding rate and small allocation (which are the target for coverage extension).
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Figure C2 Net gain for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 16 PRB for all tested coding rates.
C.1.1.2 20MHz/15kHz 32 PRB
For 32 PRB, the picture is similar as for 16 PRB, where TRRC with 25% extension performs the best for all coding rates. For small coding rates, more aggressive filters with larger extension (e.g., 37.5%) also offer similar net gain of up to 1.5 dB.
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Figure C3 Net gain for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 64 PRB for all tested coding rates.
C.1.1.3 20MHz/15kHz 64 PRB
For 64 PRB, more variety of filter-extension combinations offer the largest net gain for the different coding rates. For small coding rates, more aggressive filter (i.e., [0.335 1 0.335]) with 25% and 37.5% extension offer the best performance of up to 2.5 dB. However, for larger allocations, less aggressive filter with 12.5% extension provide the largest gains. 
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Figure C4 Net gain for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 64 PRB for all tested coding rates.

C.1.1.4 20MHz/15kHz 96 PRB
For 96 PRB, more variety of filter-extension combinations offer the largest net gain for the different coding rates. For small coding rates, more aggressive filter (i.e., [0.335 1 0.335]) with 25% and 37.5% extension offer the best performance of up to 2.5 dB. However, for larger allocations, less aggressive filter with 25% extension provide the largest gains. 
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Figure C5 Net gain for 20 MHz channel, 15 kHz SCS with the evaluated filters, for 96 PRB for all tested coding rates.

Observation C2: The optimum filter-extension combination depends on both the allocation size and the coding rate

C.1.2 FR1 Net gain results for 100 MHz channel, 30 kHz SCS
C.1.2.1 100MHz/30kHz 16 PRB
Figure C6 shows the net gain for the different combinations of filter and extensions in the case of 16 PRB and all the tested code rates (see Appendix A for more details) where the spectrum efficiency lost by the extension is compensated with higher coding rate. From the results, the TRRC filter with 25% extension provides the largest net gain of up to 1 dB for small coding rate and small allocation (which are the target for coverage extension).
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Figure C6 Net gain for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 16 PRB for all tested coding rates.

C.1.2.2 100MHz/30kHz 32 PRB
Figure C7 shows the net gain for the different combinations of filter and extensions in the case of 32 PRB and all the tested code rates (see Appendix A for more details). From the results, the TRRC filter with 25% extension provides the largest net gain for all tested coding rates. For small coding rates, more aggressive filter with 37.5% extension provides similar gains

	[image: ]
	[image: ]
	[image: ]

	[image: ]
	[image: ]
	[image: ]



Figure C7 Net gain for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 32 PRB for all tested coding rates.
C.1.2.3 100MHz/30kHz 64 PRB
For 64 PRB and small coding rates, both filters with 25% extension provide up to 1.5 dB net gain for inner allocations, and the [0.335 1 0.335] filter with 37.5% extension has similar gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C8 Net gain for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 64 PRB for all tested coding rates.
C.1.2.4 100MHz/30kHz 128 PRB
For 128 PRB and small coding rates, [0.335 1 0.335] with 25% extension provide up to 2 dB net gain for allocations in the centre of the channel, and the [0.335 1 0.335] filter with 37.5% extension has similar gain. For larger coding rates, TRRC with 25% extension is the best for centered allocations.
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Figure C9 Net gain for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 128 PRB for all tested coding rates.

C.1.2.5 100MHz/30kHz 256 PRB
For 128 PRB and small coding rates, [0.335 1 0.335] with 25% extension provide up to 3 dB net gain and the [0.335 1 0.335] filter with 37.5% extension has similar gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C10 Net gain for 100 MHz channel, 30 kHz SCS with the evaluated filters, for 256 PRB for all tested coding rates.

C.2 FR2 Net gain results for FDSS
C.2.1 FR2 Net gain results for 400 MHz channel, 120 kHz SCS
C.2.1.1 400MHz/120kHz 16 PRB
For 16 PRB and small coding rates, [0.335 1 0.335] with 25% and37.5% extension provide up to 1 dB net gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C11 Net gain for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 16 PRB for all tested coding rates.
C.2.1.2 400MHz/120kHz 32 PRB
For 32 PRB and small coding rates, [0.335 1 0.335] with 37.5% extension provide up to 1.2 dB net gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C12 Net gain for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 32 PRB for all tested coding rates.
C.2.1.3 400MHz/120kHz 64 PRB
For 64 PRB and small coding rates, [0.335 1 0.335] with 37.5% extension provides up to 1.4 dB net gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C13 Net gain for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 64 PRB for all tested coding rates.
C.2.1.4 400MHz/120kHz 128 PRB
For 128 PRB and small coding rates, [0.335 1 0.335] with 37.5% extension provides up to 1.5 dB net gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C14 Net gain for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 128 PRB for all tested coding rates.

C.2.1.5 400MHz/120kHz 256 PRB
For 256 PRB and small coding rates, [0.335 1 0.335] with 37.5% extension provides up to 1.8 dB net gain. For larger coding rates, TRRC with 25% extension is the best.
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Figure C15 Net gain for 400 MHz channel, 120 kHz SCS with the evaluated filters, for 256 PRB for all tested coding rates.

C.2 FR1 Net gain results for tone reservation
C.2.1 FR1 Net gain results for QPSK
Figure C15 shows a coverage (net) gain results for QPSK over baseline (legacy) DFT-s-OFDM transmission comparing tone reservation and FDSS with spectrum extension. It is clear that although tone reservation provides gains for QPSK, they are smaller than the achievable gains with FDSS with spectrum extension. This holds especially for the FDSS SE scenario where receiver utilizes the signal transmitted via excess band (“QPSK FDSS, RX w/ excess band”). 
[image: ]
Figure C15 Net results for QPSK in FR1 comparison between tone reservation and FDSS with spectrum extension
Observation C3: Tone reservation provides smaller coverage gains than FDSS with spectrum extension for QPSK.
C.2.2 FR1 Net gain results for 16QAM
Figure C16 shows the required SNR to reach 10% BLER for 16QAM for baseline (legacy) DFT-s-OFDM transmission comparing tone reservation and FDSS with spectrum extension. The lower MPR achievable by tone reservation for 16QAM (see Appendix B.3) does not compensate for the losses in the receiver.

[image: ]
Figure C16 Comparison of SNR required for 10% BLER for 16QAM in FR2 between tone reservation and FDSS with spectrum extension
Observation C4: Only FDSS with spectrum extension should be considered for DFT-s-OFDM.

APPENDIX D:
Simulation results, pi/2 BPSK with and without SE

Based on our results, pi/2 BPSK with FDSS + SE has no room for improving MPR/PAR (compared to FDSS w/o SE). In the following we consider both link level performance (Figure D1) and RF performance (Figure D2) separately. 
Figure D1 shows the link level performance for pi/2 BPSK and QPSK with and without spectrum extension. We consider four FDSS scenarios: No filter, Truncated RRC, [0.28 1 0.28] and [0.335 1 0.335]. The BW allocation is 16 RB (including the possible excess band). We consider six coding rates. The data rate is the same for each cases representing the same coding rate. 
Results show that pi/2 BPSK with FDSS + SE will create considerable SNR degradation compared to FDSS w/o SE. The same holds also when comparing pi/2 BPSK FDSS SE against QPSK FDSS SE. The gap is smallest with CR0 and increases considerably with the decreasing coding rate. It is also noted that pi/2 BPSK does not support the highest coding rate option (CR5).
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Figure D1. Required SNR for 10% BLER as function of spectral efficiency. 
Figure D2 shows the OBO comparison for pi/2 BPSK. with and without spectrum extension. We consider four FDSS scenarios: No filter, Truncated RRC, [0.28 1 0.28] and [0.335 1 0.335].  This simulation has been done with 16 RBs (including the excess band) and for two SCS values (15 kHz and 30 kHz). Channel bandwidth is 20 MHz in this simulation. 
Based on the results, pi/2 BPSK with FDSS + SE has no room for improving MPR/PAR (compared to FDSS w/o SE). This is visible in Figure D2, which indicates that for FDSS w/o SE with [0.335 1 0.335] filter, which is close to the 14 dB p-p limit can be used with full saturation even for edge allocations. The same holds for [0.28 1 0.28] filter.  Figure 10 also shows that for pi/2 BPSK the spectrum extension has slightly negative impact to OBO performance (the degradation is visible for spectrum edge allocations).
Observation D1: Pi/2 BPSK FDSS with SE does not provide gain compared to pi/2 BPSK FDSS without SE
[image: ] [image: ]
Figure D2 OBO for pi/2 BPSK modulation, 16 RBs, [15 30] kHz SCS.


image86.emf
0 50 100 150 200 250

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR2

TRRC 0.5/0.1667, 25%, 64PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR2

[-0.335 1 -0.335], 0% 64PRBs, CR2

[-0.335 1 -0.335], 12.5% 64PRBs, CR2

[-0.335 1 -0.335], 25% 64PRBs, CR2

[-0.335 1 -0.335], 37.5%, 64PRBs, CR2


image87.emf
0 50 100 150 200 250

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR3

TRRC 0.5/0.1667, 25%, 64PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR3

[-0.335 1 -0.335], 0% 64PRBs, CR3

[-0.335 1 -0.335], 12.5% 64PRBs, CR3

[-0.335 1 -0.335], 25% 64PRBs, CR3

[-0.335 1 -0.335], 37.5%, 64PRBs, CR3


image88.emf
0 50 100 150 200 250

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR4

TRRC 0.5/0.1667, 25%, 64PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR4

[-0.335 1 -0.335], 0% 64PRBs, CR4

[-0.335 1 -0.335], 12.5% 64PRBs, CR4

[-0.335 1 -0.335], 25% 64PRBs, CR4

[-0.335 1 -0.335], 37.5%, 64PRBs, CR4


image89.emf
0 50 100 150 200 250

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR5

TRRC 0.5/0.1667, 25%, 64PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR5

[-0.335 1 -0.335], 0% 64PRBs, CR5

[-0.335 1 -0.335], 12.5% 64PRBs, CR5

[-0.335 1 -0.335], 25% 64PRBs, CR5

[-0.335 1 -0.335], 37.5%, 64PRBs, CR5


image90.emf
0 50 100 150 200 250

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR6

TRRC 0.5/0.1667, 25%, 64PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR6

[-0.335 1 -0.335], 0% 64PRBs, CR6

[-0.335 1 -0.335], 12.5% 64PRBs, CR6

[-0.335 1 -0.335], 25% 64PRBs, CR6

[-0.335 1 -0.335], 37.5%, 64PRBs, CR6


image91.emf
0 50 100 150

RB

start

-0.5

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR1

TRRC 0.5/0.1667, 25%, 128PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR1

[-0.335 1 -0.335], 0% 128PRBs, CR1

[-0.335 1 -0.335], 12.5% 128PRBs, CR1

[-0.335 1 -0.335], 25% 128PRBs, CR1

[-0.335 1 -0.335], 37.5%, 128PRBs, CR1


image92.emf
0 50 100 150

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR2

TRRC 0.5/0.1667, 25%, 128PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR2

[-0.335 1 -0.335], 0% 128PRBs, CR2

[-0.335 1 -0.335], 12.5% 128PRBs, CR2

[-0.335 1 -0.335], 25% 128PRBs, CR2

[-0.335 1 -0.335], 37.5%, 128PRBs, CR2


image93.emf
0 50 100 150

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR3

TRRC 0.5/0.1667, 25%, 128PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR3

[-0.335 1 -0.335], 0% 128PRBs, CR3

[-0.335 1 -0.335], 12.5% 128PRBs, CR3

[-0.335 1 -0.335], 25% 128PRBs, CR3

[-0.335 1 -0.335], 37.5%, 128PRBs, CR3


image94.emf
0 50 100 150

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR4

TRRC 0.5/0.1667, 25%, 128PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR4

[-0.335 1 -0.335], 0% 128PRBs, CR4

[-0.335 1 -0.335], 12.5% 128PRBs, CR4

[-0.335 1 -0.335], 25% 128PRBs, CR4

[-0.335 1 -0.335], 37.5%, 128PRBs, CR4


image95.emf
0 50 100 150

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR5

TRRC 0.5/0.1667, 25%, 128PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR5

[-0.335 1 -0.335], 0% 128PRBs, CR5

[-0.335 1 -0.335], 12.5% 128PRBs, CR5

[-0.335 1 -0.335], 25% 128PRBs, CR5

[-0.335 1 -0.335], 37.5%, 128PRBs, CR5


image96.emf
0 50 100 150

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR6

TRRC 0.5/0.1667, 25%, 128PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR6

[-0.335 1 -0.335], 0% 128PRBs, CR6

[-0.335 1 -0.335], 12.5% 128PRBs, CR6

[-0.335 1 -0.335], 25% 128PRBs, CR6

[-0.335 1 -0.335], 37.5%, 128PRBs, CR6


image97.emf
0 2 4 6 8 10 12 14 16 18

RB

start

0.5

1

1.5

2

2.5

3

3.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR2

TRRC 0.5/0.1667, 25%, 256PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR2

[-0.335 1 -0.335], 0% 256PRBs, CR2

[-0.335 1 -0.335], 12.5% 256PRBs, CR2

[-0.335 1 -0.335], 25% 256PRBs, CR2

[-0.335 1 -0.335], 37.5%, 256PRBs, CR2


image98.emf
0 2 4 6 8 10 12 14 16 18

RB

start

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR3

TRRC 0.5/0.1667, 25%, 256PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR3

[-0.335 1 -0.335], 0% 256PRBs, CR3

[-0.335 1 -0.335], 12.5% 256PRBs, CR3

[-0.335 1 -0.335], 25% 256PRBs, CR3

[-0.335 1 -0.335], 37.5%, 256PRBs, CR3


image99.emf
0 2 4 6 8 10 12 14 16 18

RB

start

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR4

TRRC 0.5/0.1667, 25%, 256PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR4

[-0.335 1 -0.335], 0% 256PRBs, CR4

[-0.335 1 -0.335], 12.5% 256PRBs, CR4

[-0.335 1 -0.335], 25% 256PRBs, CR4

[-0.335 1 -0.335], 37.5%, 256PRBs, CR4


image100.emf
0 2 4 6 8 10 12 14 16 18

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR5

TRRC 0.5/0.1667, 25%, 256PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR5

[-0.335 1 -0.335], 0% 256PRBs, CR5

[-0.335 1 -0.335], 12.5% 256PRBs, CR5

[-0.335 1 -0.335], 25% 256PRBs, CR5

[-0.335 1 -0.335], 37.5%, 256PRBs, CR5


image101.emf
0 2 4 6 8 10 12 14 16 18

RB

start

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR6

TRRC 0.5/0.1667, 25%, 256PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR6

[-0.335 1 -0.335], 0% 256PRBs, CR6

[-0.335 1 -0.335], 12.5% 256PRBs, CR6

[-0.335 1 -0.335], 25% 256PRBs, CR6

[-0.335 1 -0.335], 37.5%, 256PRBs, CR6


image102.emf
0 50 100 150 200 250

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR1

TRRC 0.5/0.1667, 25%, 16PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR1

[-0.335 1 -0.335], 0% 16PRBs, CR1

[-0.335 1 -0.335], 12.5% 16PRBs, CR1

[-0.335 1 -0.335], 25% 16PRBs, CR1

[-0.335 1 -0.335], 37.5%, 16PRBs, CR1


image103.emf
0 50 100 150 200 250

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR2

TRRC 0.5/0.1667, 25%, 16PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR2

[-0.335 1 -0.335], 0% 16PRBs, CR2

[-0.335 1 -0.335], 12.5% 16PRBs, CR2

[-0.335 1 -0.335], 25% 16PRBs, CR2

[-0.335 1 -0.335], 37.5%, 16PRBs, CR2


image104.emf
0 50 100 150 200 250

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR3

TRRC 0.5/0.1667, 25%, 16PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR3

[-0.335 1 -0.335], 0% 16PRBs, CR3

[-0.335 1 -0.335], 12.5% 16PRBs, CR3

[-0.335 1 -0.335], 25% 16PRBs, CR3

[-0.335 1 -0.335], 37.5%, 16PRBs, CR3


image105.emf
0 50 100 150 200 250

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR4

TRRC 0.5/0.1667, 25%, 16PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR4

[-0.335 1 -0.335], 0% 16PRBs, CR4

[-0.335 1 -0.335], 12.5% 16PRBs, CR4

[-0.335 1 -0.335], 25% 16PRBs, CR4

[-0.335 1 -0.335], 37.5%, 16PRBs, CR4


image106.emf
0 50 100 150 200 250

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR5

TRRC 0.5/0.1667, 25%, 16PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR5

[-0.335 1 -0.335], 0% 16PRBs, CR5

[-0.335 1 -0.335], 12.5% 16PRBs, CR5

[-0.335 1 -0.335], 25% 16PRBs, CR5

[-0.335 1 -0.335], 37.5%, 16PRBs, CR5


image107.emf
0 50 100 150 200 250

RB

start

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR6

TRRC 0.5/0.1667, 25%, 16PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR6

[-0.335 1 -0.335], 0% 16PRBs, CR6

[-0.335 1 -0.335], 12.5% 16PRBs, CR6

[-0.335 1 -0.335], 25% 16PRBs, CR6

[-0.335 1 -0.335], 37.5%, 16PRBs, CR6


image108.emf
0 50 100 150 200 250

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR1

TRRC 0.5/0.1667, 25%, 32PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR1

[-0.335 1 -0.335], 0% 32PRBs, CR1

[-0.335 1 -0.335], 12.5% 32PRBs, CR1

[-0.335 1 -0.335], 25% 32PRBs, CR1

[-0.335 1 -0.335], 37.5%, 32PRBs, CR1


image109.emf
0 50 100 150 200 250

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR2

TRRC 0.5/0.1667, 25%, 32PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR2

[-0.335 1 -0.335], 0% 32PRBs, CR2

[-0.335 1 -0.335], 12.5% 32PRBs, CR2

[-0.335 1 -0.335], 25% 32PRBs, CR2

[-0.335 1 -0.335], 37.5%, 32PRBs, CR2


image110.emf
0 50 100 150 200 250

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR3

TRRC 0.5/0.1667, 25%, 32PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR3

[-0.335 1 -0.335], 0% 32PRBs, CR3

[-0.335 1 -0.335], 12.5% 32PRBs, CR3

[-0.335 1 -0.335], 25% 32PRBs, CR3

[-0.335 1 -0.335], 37.5%, 32PRBs, CR3


image111.emf
0 50 100 150 200 250

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR4

TRRC 0.5/0.1667, 25%, 32PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR4

[-0.335 1 -0.335], 0% 32PRBs, CR4

[-0.335 1 -0.335], 12.5% 32PRBs, CR4

[-0.335 1 -0.335], 25% 32PRBs, CR4

[-0.335 1 -0.335], 37.5%, 32PRBs, CR4


image112.emf
0 50 100 150 200 250

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR5

TRRC 0.5/0.1667, 25%, 32PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR5

[-0.335 1 -0.335], 0% 32PRBs, CR5

[-0.335 1 -0.335], 12.5% 32PRBs, CR5

[-0.335 1 -0.335], 25% 32PRBs, CR5

[-0.335 1 -0.335], 37.5%, 32PRBs, CR5


image113.emf
0 50 100 150 200 250

RB

start

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR6

TRRC 0.5/0.1667, 25%, 32PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR6

[-0.335 1 -0.335], 0% 32PRBs, CR6

[-0.335 1 -0.335], 12.5% 32PRBs, CR6

[-0.335 1 -0.335], 25% 32PRBs, CR6

[-0.335 1 -0.335], 37.5%, 32PRBs, CR6


image114.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR1

TRRC 0.5/0.1667, 25%, 64PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR1

[-0.335 1 -0.335], 0% 64PRBs, CR1

[-0.335 1 -0.335], 12.5% 64PRBs, CR1

[-0.335 1 -0.335], 25% 64PRBs, CR1

[-0.335 1 -0.335], 37.5%, 64PRBs, CR1


image115.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR2

TRRC 0.5/0.1667, 25%, 64PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR2

[-0.335 1 -0.335], 0% 64PRBs, CR2

[-0.335 1 -0.335], 12.5% 64PRBs, CR2

[-0.335 1 -0.335], 25% 64PRBs, CR2

[-0.335 1 -0.335], 37.5%, 64PRBs, CR2


image1.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

O

B

O

 

[

d

B

]

No filter, 16PRBs

TRRC 0.5/0.1667, 0%, 16PRBs

TRRC 0.5/0.1667, 12.5%, 16PRBs

TRRC 0.5/0.1667, 25%, 16PRBs

[-0.335 1 -0.335], 0% 16PRBs

[-0.335 1 -0.335], 12.5% 16PRBs

[-0.335 1 -0.335], 25% 16PRBs

TRRC 0.5/0.1667, 37.5%, 16PRBs

[-0.335 1 -0.335], 37.5% 16PRBs


image116.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR3

TRRC 0.5/0.1667, 25%, 64PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR3

[-0.335 1 -0.335], 0% 64PRBs, CR3

[-0.335 1 -0.335], 12.5% 64PRBs, CR3

[-0.335 1 -0.335], 25% 64PRBs, CR3

[-0.335 1 -0.335], 37.5%, 64PRBs, CR3


image117.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR4

TRRC 0.5/0.1667, 25%, 64PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR4

[-0.335 1 -0.335], 0% 64PRBs, CR4

[-0.335 1 -0.335], 12.5% 64PRBs, CR4

[-0.335 1 -0.335], 25% 64PRBs, CR4

[-0.335 1 -0.335], 37.5%, 64PRBs, CR4


image118.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR5

TRRC 0.5/0.1667, 25%, 64PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR5

[-0.335 1 -0.335], 0% 64PRBs, CR5

[-0.335 1 -0.335], 12.5% 64PRBs, CR5

[-0.335 1 -0.335], 25% 64PRBs, CR5

[-0.335 1 -0.335], 37.5%, 64PRBs, CR5


image119.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR6

TRRC 0.5/0.1667, 25%, 64PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR6

[-0.335 1 -0.335], 0% 64PRBs, CR6

[-0.335 1 -0.335], 12.5% 64PRBs, CR6

[-0.335 1 -0.335], 25% 64PRBs, CR6

[-0.335 1 -0.335], 37.5%, 64PRBs, CR6


image120.emf
0 20 40 60 80 100 120 140

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR1

TRRC 0.5/0.1667, 25%, 128PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR1

[-0.335 1 -0.335], 0% 128PRBs, CR1

[-0.335 1 -0.335], 12.5% 128PRBs, CR1

[-0.335 1 -0.335], 25% 128PRBs, CR1

[-0.335 1 -0.335], 37.5%, 128PRBs, CR1


image121.emf
0 20 40 60 80 100 120 140

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR2

TRRC 0.5/0.1667, 25%, 128PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR2

[-0.335 1 -0.335], 0% 128PRBs, CR2

[-0.335 1 -0.335], 12.5% 128PRBs, CR2

[-0.335 1 -0.335], 25% 128PRBs, CR2

[-0.335 1 -0.335], 37.5%, 128PRBs, CR2


image122.emf
0 20 40 60 80 100 120 140

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR3

TRRC 0.5/0.1667, 25%, 128PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR3

[-0.335 1 -0.335], 0% 128PRBs, CR3

[-0.335 1 -0.335], 12.5% 128PRBs, CR3

[-0.335 1 -0.335], 25% 128PRBs, CR3

[-0.335 1 -0.335], 37.5%, 128PRBs, CR3


image123.emf
0 20 40 60 80 100 120 140

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR4

TRRC 0.5/0.1667, 25%, 128PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR4

[-0.335 1 -0.335], 0% 128PRBs, CR4

[-0.335 1 -0.335], 12.5% 128PRBs, CR4

[-0.335 1 -0.335], 25% 128PRBs, CR4

[-0.335 1 -0.335], 37.5%, 128PRBs, CR4


image124.emf
0 20 40 60 80 100 120 140

RB

start

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR5

TRRC 0.5/0.1667, 25%, 128PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR5

[-0.335 1 -0.335], 0% 128PRBs, CR5

[-0.335 1 -0.335], 12.5% 128PRBs, CR5

[-0.335 1 -0.335], 25% 128PRBs, CR5

[-0.335 1 -0.335], 37.5%, 128PRBs, CR5


image125.emf
0 20 40 60 80 100 120 140

RB

start

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 128PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 128PRBs, CR6

TRRC 0.5/0.1667, 25%, 128PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 128PRBs, CR6

[-0.335 1 -0.335], 0% 128PRBs, CR6

[-0.335 1 -0.335], 12.5% 128PRBs, CR6

[-0.335 1 -0.335], 25% 128PRBs, CR6

[-0.335 1 -0.335], 37.5%, 128PRBs, CR6


image2.emf
0 10 20 30 40 50 60 70 80

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

O

B

O

 

[

d

B

]

No filter, 32PRBs

TRRC 0.5/0.1667, 0%, 32PRBs

TRRC 0.5/0.1667, 12.5%, 32PRBs

TRRC 0.5/0.1667, 25%, 32PRBs

[-0.335 1 -0.335], 0% 32PRBs

[-0.335 1 -0.335], 12.5% 32PRBs

[-0.335 1 -0.335], 25% 32PRBs

TRRC 0.5/0.1667, 37.5%, 32PRBs

[-0.335 1 -0.335], 37.5% 32PRBs


image126.emf
1 2 3 4 5 6 7 8

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR1

TRRC 0.5/0.1667, 25%, 256PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR1

[-0.335 1 -0.335], 0% 256PRBs, CR1

[-0.335 1 -0.335], 12.5% 256PRBs, CR1

[-0.335 1 -0.335], 25% 256PRBs, CR1

[-0.335 1 -0.335], 37.5%, 256PRBs, CR1


image127.emf
1 2 3 4 5 6 7 8

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR2

TRRC 0.5/0.1667, 25%, 256PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR2

[-0.335 1 -0.335], 0% 256PRBs, CR2

[-0.335 1 -0.335], 12.5% 256PRBs, CR2

[-0.335 1 -0.335], 25% 256PRBs, CR2

[-0.335 1 -0.335], 37.5%, 256PRBs, CR2


image128.emf
1 2 3 4 5 6 7 8

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR3

TRRC 0.5/0.1667, 25%, 256PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR3

[-0.335 1 -0.335], 0% 256PRBs, CR3

[-0.335 1 -0.335], 12.5% 256PRBs, CR3

[-0.335 1 -0.335], 25% 256PRBs, CR3

[-0.335 1 -0.335], 37.5%, 256PRBs, CR3


image129.emf
1 2 3 4 5 6 7 8

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR4

TRRC 0.5/0.1667, 25%, 256PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR4

[-0.335 1 -0.335], 0% 256PRBs, CR4

[-0.335 1 -0.335], 12.5% 256PRBs, CR4

[-0.335 1 -0.335], 25% 256PRBs, CR4

[-0.335 1 -0.335], 37.5%, 256PRBs, CR4


image130.emf
1 2 3 4 5 6 7 8

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR5

TRRC 0.5/0.1667, 25%, 256PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR5

[-0.335 1 -0.335], 0% 256PRBs, CR5

[-0.335 1 -0.335], 12.5% 256PRBs, CR5

[-0.335 1 -0.335], 25% 256PRBs, CR5

[-0.335 1 -0.335], 37.5%, 256PRBs, CR5


image131.emf
1 2 3 4 5 6 7 8

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

400 MHz 120kHz

TRRC 0.5/0.1667, 0%, 256PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 256PRBs, CR6

TRRC 0.5/0.1667, 25%, 256PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 256PRBs, CR6

[-0.335 1 -0.335], 0% 256PRBs, CR6

[-0.335 1 -0.335], 12.5% 256PRBs, CR6

[-0.335 1 -0.335], 25% 256PRBs, CR6

[-0.335 1 -0.335], 37.5%, 256PRBs, CR6


image132.png
Coverage gain over baseline

QPsK [dB]

1,40
1,30
1,20
1,10
1,00
050
0,80
0,70
0,60
050
0,40
030
0,20
0,10
0,00

FR1 8PRB, SE=0.5 Bit/Hz, TDD UL/DL ratio<40%

= QPSKFDSS, RX w/
excess band

QPSK FDSS, RX w/o
excess band

" QPSKTR

W pi/2 BPSK FDSS





image133.png
Required SNR for 10% BLER

FR2 400MHz/256 PRB TDL-A 30ns

—8— 160AM

~ + —160AM
EXT FDSS

—&— 160AM TR

12 14 16 18 2
Spectral Efficiency [Bit/Hz]




image134.png
CRO CR1

35

57

39

41

i1 I
¢ I

55

FP——— oftlom: oftoms1 [P ——- rofitlomt PO FDfit(0335 1 157033
(05,0.1667) ( (0.5,0.1667) ext 0.28) 0.28) ext 025 0.335) 0.335)ext 0.25 {05,0.1667) 0.28) 0.28) ext 025 0.335) 0.335)ext 0.25
fid
— [
CR2 CR3
25
.
os
-35 1
. i
-
ofite noet Tmteamnc,” TR N rofit(0381 ( 7ot (022 roRt(0:35 1 Fork (581 o ot Trctedinc/” e N ofk(021 0t (0203
e (osasenen) "o (Somanans )" asem v (ososeanen) ot (Cyanans

025

mpi/2 BPSK mQPSK mpif2 BPSK MOPSK





image135.png
Nofiter, noext Truncated RRC
(05,0.1667)

CR4

028)

= pi/2 BPSK = QPSK

CR5
No fiter, noext Truncated RRC FDilt 0281

(05,01667) ((050.1667)ext)  0.28)
025

= pi/2 BPSK mQPSK

0.28) ext025

FDfilt 0335 1/ FDfilt (0.335
0335)  ( 0335)ext025





image3.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

O

B

O

 

[

d

B

]

No filter, 64PRBs

TRRC 0.5/0.1667, 0%, 64PRBs

TRRC 0.5/0.1667, 12.5%, 64PRBs

TRRC 0.5/0.1667, 25%, 64PRBs

[-0.335 1 -0.335], 0% 64PRBs

[-0.335 1 -0.335], 12.5% 64PRBs

[-0.335 1 -0.335], 25% 64PRBs

TRRC 0.5/0.1667, 37.5%, 64PRBs

[-0.335 1 -0.335], 37.5% 64PRBs


image136.png
FR1 MPR results for 20 MHz channel, 15 kHz SCS (#/2-BPSK)

[——No Filter, 16PRBs

|——TRRC 0.5/0.1667, 0%, 16PRBs
|= = = TRRC 0.5/0.1667, 25%, 16PRBs
|—— [0.335 1-0.335], 0%, 16PRBs
= = = [:0.335 1-0.335], 25%, 16PRBs
|~ [0.28 1 -0.28], 0%, 16PRBs

|- = - [:0.28 1-0.28], 25%, 16PRBs

10 20 30 40 50 60 70 80 90
RB,

start




image137.png
FR%I MPR results for 20 MHz channel, 30 kHz SCS (n/2-BPSK)
bk v

[——No Filter, 16PRBs
|——TRRC 0.5/0.1667, 0%, 16PRBs
= = = TRRC 0.5/0.1667, 25%, 16PRBs
|—— [-0.335 1-0.335], 0%, 16PRBs
= = = [:0.335 1-0.335], 25%, 16PRBs
|~ [0.28 1 -0.28], 0%, 16PRBs
|- = - [0.28 1-0.28], 25%, 16PRBs

RB,

tart




image4.emf
1 2 3 4 5 6 7 8 9 10

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

O

B

O

 

[

d

B

]

No filter, 96PRBs

TRRC 0.5/0.1667, 0%, 96PRBs

TRRC 0.5/0.1667, 12.5%, 96PRBs

TRRC 0.5/0.1667, 25%, 96PRBs

TRRC 0.5/0.1667, 37.5%, 96PRBs

[-0.335 1 -0.335], 0% 96PRBs

[-0.335 1 -0.335], 12.5% 96PRBs

[-0.335 1 -0.335], 25% 96PRBs

[-0.335 1 -0.335], 37.5% 96PRBs


image5.png
[——No Filter, 16PRBs
|——TRRC 0.5/0.1667, 0%, 16PRBs
|= = = TRRC 0.5/0.1667, 25%, 16PRBs
|—— [-0.335 1-0.335], 0%, 16PRBs
= = = [:0.335 1-0.335], 25%, 16PRBs
|~ [0.28 1 -0.28], 0%, 16PRBs
|- = - [:0.28 1-0.28], 25%, 16PRBs

W

I SARNRT T AL
10 20 30 40 50 60 70 80 90
RB,

start





image6.png
0.5

[——No Filter, 32PRBs
|——TRRC 0.5/0.1667, 0%, 32PRBs
|= = = TRRC 0.5/0.1667, 25%, 32PRBs
|—— [0.335 1-0.335], 0%, 32PRBs
= = = [:0.335 1-0.335], 25%, 32PRBs
|~ [0.28 1 -0.28], 0%, 32PRBs
|- = - [:0.28 1-0.28], 25%, 32PRBs

10 20 30 40 50 60 70

RB,

start




image7.png
[——No Filter, 64PRBs

|——TRRC 0.5/0.1667, 0%, 64PRBs
|= = = TRRC 0.5/0.1667, 25%, 64PRBs
|—— [-0.335 1-0.335], 0%, 64PRBs
= = = [:0.335 1-0.335], 25%, 64PRBs

|~ [:0.28 1 -0.28], 0%, 64PRBs

|- ~ - [0.28 1-0.28], 26%, 64PRBs





image8.png
25

[——No Filter, 96PRBs

|——TRRC 0.5/0.1667, 0%, 96PRBs
|= = = TRRC 0.5/0.1667, 25%, 96PRBs
|——[-0.335 1-0.335], 0%, 96PRBs
= = = [:0.335 1-0.335], 25%, 96PRBs
| [:0.28 1 -0.28], 0%, 96PRBs

|- - - [0.28 1-0.28], 25%, 96PRBs





image9.png
0BO [dB]

[——No Filter, 8PRBs

|——TRRC 0.5/0.1667, 0%, 8PRBs
= = = TRRC 0.5/0.1667, 25%, 8PRBs
|—— [-0.335 1-0.335], 0%, 8PRBs
= = = [0.335 1-0.335], 25%, BPRBs
|~ [0.28 1-0.28], 0%, 8PRBs

|- = - [:0.28 1-0.28], 25%, 8PRBs

X
Y ST ) Wt S

o ey i 7y g gy

RB,

start




image10.png
[——No Filter, 16PRBs
|——TRRC 0.5/0.1667, 0%, 16PRBs
|= = = TRRC 0.5/0.1667, 25%, 16PRBs
|—— [-0.335 1-0.335], 0%, 16PRBs
= = = [:0.335 1-0.335], 25%, 16PRBs
|~ [0.28 1 -0.28], 0%, 16PRBs
|- = - [:0.28 1-0.28], 25%, 16PRBs





image11.png
0.5

[——No Filter, 32PRBs
|——TRRC 0.5/0.1667, 0%, 32PRBs
= = = TRRC 0.5/0.1667, 25%, 32PRBs
j=———1[-0.335 1 -0.335], 0%, 32PRBs
05 = = =[:0.335 1-0.335], 25%, 32PRBs
|~ [-0.28 1-0.28], 0%, 32PRBs

|- = ~[-0.28 1-0.28), 25%, 32PRBs





image12.png
0.5

|==+—No Filter, 48PRBs
0 |=—TRRC 0.5/0.1667, 0%, 48PRBs
|= = = TRRC 0.5/0.1667, 25%, 48PRBs
|=—[-0.335 1-0.335], 0%, 48PRBs
05 = = =[-0.335 1 -0.335], 25%, 48PRBs
—_ [-0.28 1-0.28], 0%, 48PRBs
% [~ = ~[-0.28 1 -0.28], 25%, 48PRBs
o
@ | Ep———— R _———— -
o
4.5
2 qe=====22m==="
25
1 2





image13.png
0BO [dB]

[——No Filter, 4PRBs

|———TRRC 0.5/0.1667, 0%, 4PRBs
= = = TRRC 0.5/0.1667, 25%, 4PRBs
|[—[-0.335 1-0.335], 0%, 4PRBs
= = = [:0.335 1-0.335], 25%, 4PRBs
|~ [0.28 1-0.28], 0%, 4PRBs

|- = = [:0.28 1-0.28], 25%, 4PRBs





image14.png
0BO [dB]

[—— No Filter, 8PRBs
|——TRRC 0.5/0.1667, 0%, 8PRBs
= = = TRRC 0.5/0.1667, 25%, 8PRBs
|—— [-0.335 1-0.335], 0%, 8PRBs
= = = [0.335 1-0.335], 25%, BPRBs
|~ [-0.28 1-0.28, 0%, 8PRBs
|- = - [0.28 1-0.28], 25%, 8PRBs





image15.png
[——No Filter, 16PRBs
|——TRRC 0.5/0.1667, 0%, 16PRBs
|= = = TRRC 0.5/0.1667, 25%, 16PRBs
|—— [-0.335 1-0.335], 0%, 16PRBs
= = [:0.335 1-0.335], 25%, 16PRBs
|~ [:0.28 1-0.28], 0%, 16PRBs
~ - [:0.28 1-0.28], 25%, 16PRBs





image16.png
0.5

* [+ NoFiter, 24PRBs
© TRRC 0.5/0.1667, 0%, 24PRBs
0 7 TRRC 05001667, 25%, 24PRBs
o [-0.335 1-0.335], 0%, 24PRBs
/' [0.335 1-0.335], 25%, 24PRBs
05 ¢ [028 1-0.28], 0%, 24PRBs
[0.28 1-0.28], 26%, 24PRBs
& .
2
2
o v
45
.
2 v
v
25

RB,

start




image17.emf
0 50 100 150 200 250 300

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

O

B

O

 

[

d

B

]

No filter, 16PRBs

TRRC 0.5/0.1667, 0%, 16PRBs

TRRC 0.5/0.1667, 12.5%, 16PRBs

TRRC 0.5/0.1667, 25%, 16PRBs

[-0.335 1 -0.335], 0% 16PRBs

[-0.335 1 -0.335], 12.5% 16PRBs

[-0.335 1 -0.335], 25% 16PRBs

TRRC 0.5/0.1667, 37.5%, 16PRBs

[-0.335 1 -0.335], 37.5% 16PRBs


image18.emf
0 50 100 150 200 250

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

O

B

O

 

[

d

B

]

No filter, 32PRBs

TRRC 0.5/0.1667, 0%, 32PRBs

TRRC 0.5/0.1667, 12.5%, 32PRBs

TRRC 0.5/0.1667, 25%, 32PRBs

[-0.335 1 -0.335], 0% 32PRBs

[-0.335 1 -0.335], 12.5% 32PRBs

[-0.335 1 -0.335], 25% 32PRBs

TRRC 0.5/0.1667, 37.5%, 32PRBs

[-0.335 1 -0.335], 37.5% 32PRBs


image19.emf
0 50 100 150 200 250

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

O

B

O

 

[

d

B

]

No filter, 64PRBs

TRRC 0.5/0.1667, 0%, 64PRBs

TRRC 0.5/0.1667, 12.5%, 64PRBs

TRRC 0.5/0.1667, 25%, 64PRBs

[-0.335 1 -0.335], 0% 64PRBs

[-0.335 1 -0.335], 12.5% 64PRBs

[-0.335 1 -0.335], 25% 64PRBs

TRRC 0.5/0.1667, 37.5%, 64PRBs

[-0.335 1 -0.335], 37.5% 64PRBs


image20.emf
0 50 100 150

RB

start

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

O

B

O

 

[

d

B

]

No filter, 128PRBs

TRRC 0.5/0.1667, 0%, 128PRBs

TRRC 0.5/0.1667, 12.5%, 128PRBs

TRRC 0.5/0.1667, 25%, 128PRBs

[-0.335 1 -0.335], 0% 128PRBs

[-0.335 1 -0.335], 12.5% 128PRBs

[-0.335 1 -0.335], 25% 128PRBs

TRRC 0.5/0.1667, 37.5%, 128PRBs

[-0.335 1 -0.335], 37.5% 128PRBs


image21.emf
0 2 4 6 8 10 12 14 16 18

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

O

B

O

 

[

d

B

]

No filter, 256PRBs

TRRC 0.5/0.1667, 0%, 256PRBs

TRRC 0.5/0.1667, 12.5%, 256PRBs

TRRC 0.5/0.1667, 25%, 256PRBs

[-0.335 1 -0.335], 0% 256PRBs

[-0.335 1 -0.335], 12.5% 256PRBs

[-0.335 1 -0.335], 25% 256PRBs

TRRC 0.5/0.1667, 37.5%, 256PRBs

[-0.335 1 -0.335], 37.5% 256PRBs


image22.png
0BO [dB]

[——No Filter, 16PRBs
|——TRRC 0.5/0.1667, 0%, 16PRBs
|= = = TRRC 0.5/0.1667, 25%, 16PRBs
|—— [-0.335 1-0.335], 0%, 16PRBs
= = = [:0.335 1-0.335], 25%, 16PRBs
|~ [0.28 1 -0.28], 0%, 16PRBs

|- = - [:0.28 1-0.28], 25%, 16PRBs

50 100 150
RB,

start

200

250




image23.png
0BO [dB]

[——No Filter, 32PRBs
|——TRRC 0.5/0.1667, 0%, 32PRBs
|= = = TRRC 0.5/0.1667, 25%, 32PRBs
|—— [0.335 1-0.335], 0%, 32PRBs
= = = [:0.335 1-0.335], 25%, 32PRBs
|~ [0.28 1 -0.28], 0%, 32PRBs
|- = - [:0.28 1-0.28], 26%, 32PRBs

1y
P

1

gy e T -

50 100 150 200
RB,

start




image24.png
0BO [dB]

[——No Filter, 64PRBs

|——TRRC 0.5/0.1667, 0%, 64PRBs
|= = = TRRC 0.5/0.1667, 25%, 64PRBs
|—— [-0.335 1-0.335], 0%, 64PRBs
= = = [:0.335 1-0.335], 25%, 64PRBs
|~ [0.28 1 -0.28], 0%, 64PRBs

|- = - [:0.28 1-0.28], 25%, 64PRBs

LR T L g et

50 100 150
RB,

start

200





image25.png
[——No Filter, 128PRBs
= TRRC 0.5/0.1667, 0%, 128PRBs
= = = TRRC 0.5/0.1667, 25%, 128PRBs
[-0.335 1 -0.335], 0%, 128PRBs
[-0.335 1 -0.335], 25%, 128PRBs
[-0.28 1-0.28], 0%, 128PRBs
[-0.28 1-0.28], 25%, 128PRBs

\ /

= g b

20 40 60 80 100
RB,

start




image26.png
25 [——No Filter, 256PRBs

= TRRC 0.5/0.1667, 0%, 256PRBs
|= = = TRRC 0.5/0.1667, 25%, 256PRBs
|—— [0.335 1-0.335], 0%, 256PRBs
0.335 1-0.335], 25%, 256PRBs
|~ [0.28 1-0.28], 0%, 256PRBs

|- = - [:0.28 1-0.28], 25%, 256PRBs
0.5

8 10 12 14 16




image27.emf
0 50 100 150 200 250

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

O

B

O

 

[

d

B

]

No filter, 16PRBs

TRRC 0.5/0.1667, 0%, 16PRBs

TRRC 0.5/0.1667, 12.5%, 16PRBs

TRRC 0.5/0.1667, 25%, 16PRBs

TRRC 0.5/0.1667, 37.5%, 16PRBs

[-0.335 1 -0.335], 0% 16PRBs

[-0.335 1 -0.335], 12.5% 16PRBs

[-0.335 1 -0.335], 25% 16PRBs

[-0.335 1 -0.335], 37.5% 16PRBs


image28.emf
0 50 100 150 200 250

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

O

B

O

 

[

d

B

]

TRRC 0.5/0.1667, 0%, 32PRBs

TRRC 0.5/0.1667, 12.5%, 32PRBs

TRRC 0.5/0.1667, 25%, 32PRBs

TRRC 0.5/0.1667, 37.5%, 32PRBs

[-0.335 1 -0.335], 0% 32PRBs

[-0.335 1 -0.335], 12.5% 32PRBs

[-0.335 1 -0.335], 25% 32PRBs

[-0.335 1 -0.335], 37.5% 32PRBs


image29.emf
0 20 40 60 80 100 120 140 160 180 200

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

O

B

O

 

[

d

B

]

No filter, 64PRBs

TRRC 0.5/0.1667, 0%, 64PRBs

TRRC 0.5/0.1667, 12.5%, 64PRBs

TRRC 0.5/0.1667, 25%, 64PRBs

TRRC 0.5/0.1667, 37.5%, 64PRBs

[-0.335 1 -0.335], 0% 64PRBs

[-0.335 1 -0.335], 12.5% 64PRBs

[-0.335 1 -0.335], 25% 64PRBs

[-0.335 1 -0.335], 37.5% 64PRBs


image30.emf
0 20 40 60 80 100 120 140

RB

start

-1.5

-1

-0.5

0

0.5

1

O

B

O

 

[

d

B

]

No filter, 128PRBs

TRRC 0.5/0.1667, 0%, 128PRBs

TRRC 0.5/0.1667, 12.5%, 128PRBs

TRRC 0.5/0.1667, 25%, 128PRBs

TRRC 0.5/0.1667, 37.5%, 128PRBs

[-0.335 1 -0.335], 0% 128PRBs

[-0.335 1 -0.335], 12.5% 128PRBs

[-0.335 1 -0.335], 25% 128PRBs

[-0.335 1 -0.335], 37.5% 128PRBs


image31.emf
1 2 3 4 5 6 7 8

RB

start

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

O

B

O

 

[

d

B

]

No filter, 256PRBs

TRRC 0.5/0.1667, 0%, 256PRBs

TRRC 0.5/0.1667, 12.5%, 256PRBs

TRRC 0.5/0.1667, 25%, 256PRBs

TRRC 0.5/0.1667, 37.5%, 256PRBs

[-0.335 1 -0.335], 0% 256PRBs

[-0.335 1 -0.335], 12.5% 256PRBs

[-0.335 1 -0.335], 25% 256PRBs

[-0.335 1 -0.335], 37.5% 256PRBs


image32.emf
0 10 20 30 40 50 60 70 80 90 100

#PRB

0

0.5

1

1.5

2

2.5

3

3.5

4

O

B

O

[

d

B

]

DFT-s-OFDM QPSK, TR 25% extension

DFT-s-OFDM QPSK, No FDSS

DFT-s-OFDM QPSK, FDSS 25% Extension TR 0.5/0.1667


image33.emf
50 100 150 200 250 300

#PRB

1

1.5

2

2.5

3

3.5

4

4.5

O

B

O

[

d

B

]

DFT-s-OFDM 16QAM, TR 25% extension

DFT-s-OFDM 16QAM, FDSS 25% extension

DFT-s-OFDM 16QAM, No FDSS.


image34.emf
0 5 10 15 20 25 30 35 40 45 50

Frequency bin in the positive side [subcarriers]

-15

-10

-5

0

P

o

w

e

r

 

[

d

B

]

Maximum attenuation mask

Truncated RRC

[-0.335 1 -0.335]


image35.png
SNR [dB]

-10

N

SNR corresponding to 10% BLER
4GHz, 15kHz SCS, 16PRB

© mQPSK

B QPSK truncated RRC
(0.5,0.1667)

~

B QPSK14PRB TRRC
(0.5,0.1667) ext 0.125

IS

m QPSK12PRB TRRC

(0.5,0.1667) ext 0.25

W QPSK10PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.335 1 0.335)

W QPSK14PRB FD filt (0.335 1
0.335) ext 0.125

W QPSK12PRB FD filt (0.335 1
0.335) ext 0.25

cr0 crl cr2 cr3 cr4 cr5

N

IS

&

&

W QPSK10PRB FD filt (0.3351
0.335) ext 0.375
Code rate scheme




image36.png
SNR [dB]

-10

SNR corresponding to 10% BLER
4GHz, 15kHz SCS, 32PRB

© mQPSK

B QPSK truncated RRC
(0.5,0.1667)

~

B QPSK28PRB TRRC
(0.5,0.1667) ext 0.125

IS

m QPSK24PRB TRRC
(0.5,0.1667) ext 0.25

W QPSK20PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.335 1 0.335)

W QPSK28PRB FD filt (0.335 1
0.335) ext 0.125

W QPSK24PRB FD filt (0.335 1

I I 0.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

&

&

N

W QPSK20PRB FD filt (0.335 1
0.335) ext 0.375

Code rate scheme




image37.png
SNR [dB]

-10

N

SNR corresponding to 10% BLER
4GHz, 15kHz SCS, 64PRB

© mQPSK

B QPSK truncated RRC
(0.5,0.1667)

~

B QPSK56PRB TRRC
(0.5,0.1667) ext 0.125

IS

= QPSK48PRB TRRC

(0.5,0.1667) ext 0.25

M QPSK40PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.335 1 0.335)

W QPSKS56PRB FD filt (0.335 1
0.335) ext 0.125

W QPSK48PRB FD filt (0.335 1

I II I 0.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

N

IS

&

W QPSK40PRB FD filt (0.335 1
0.335) ext 0.375

Code rate scheme




image38.png
SNR [dB]

-10

SNR corresponding to 10% BLER
4GHz, 15kHz SCS, 96PRB

8 mQPSK

B QPSK truncated RRC
(0.5,0.1667)

B QPSK84PRB TRRC
(0.5,0.1667) ext 0.125

~

m QPSK72PRB TRRC
(0.5,0.1667) ext 0.25

W QPSK60PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.335 1 0.335)

W QPSK84PRB FD filt (0.335 1
0.335) ext 0.125

W QPSK72PRB FD filt (0.3351

I III I 0.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

N

&

N

W QPSK60PRB FD filt (0.335 1
0.335) ext 0.375

Code rate scheme




image39.png
SNR [dB]

-10

-12

-14

SNR corresponding to 10% BLER

4GHz, 30kHz SCS, 16PRB

cr0 crl cr2 cr3 cr4 cr5

Code rate scheme

mQPSK

® QPSK truncated RRC
(0.5,0.1667)

= QPSK14PRB TRRC
(0.5,0.1667) ext 0.125

= QPSK12PRB TRRC
(0.5,0.1667) ext 0.25

m QPSK10PRB TRRC
(0.5,0.1667) ext 0.375

m QPSK FD filt (0.335 1 0.335)

W QPSK14PRB FD filt (0.335 1
0.335) ext 0.125

W QPSK12PRB FD filt (0.335 1
0.335) ext 0.25

W QPSK10PRB FD filt (0.335 1
0.335) ext 0.375




image40.png
SNR [dB]

-10

-12

-14

SNR corresponding to 10% BLER

4GHz, 30kHz SCS, 32PRB

cr0 crl cr2 cr3 cr4 cr5

Code rate scheme

W QPSK

M QPSK truncated RRC
(0.5,0.1667)

= QPSK28PRB TRRC
(0.5,0.1667) ext 0.125

= QPSK24PRB TRRC
(0.5,0.1667) ext 0.25

m QPSK20PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.3351 0.335)

W QPSK28PRB FD filt (0.335 1
0.335) ext 0.125

W QPSK24PRB FD filt (0.3351
0.335) ext 0.25

W QPSK20PRB FD filt (0.3351
0.335) ext 0.375




image41.png
SNR [dB]

-10

-12

-14

SNR corresponding to 10% BLER

4GHz, 30kHz SCS, 64PRB

cr0 crl cr2 cr3 cr4 cr5

Code rate scheme

W QPSK

M QPSK truncated RRC
(0.5,0.1667)

m QPSK56PRB TRRC
(0.5,0.1667) ext 0.125

= QPSK48PRB TRRC
(0.5,0.1667) ext 0.25

m QPSKAOPRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.3351 0.335)

W QPSKS56PRB FD filt (0.335 1
0.335) ext 0.125

W QPSKA48PRB FD filt (0.3351
0.335) ext 0.25

W QPSKA40PRB FD filt (0.3351
0.335) ext 0.375




image42.png
SNR [dB]

i
5

o
I

-14

SNR corresponding to 10% BLER
4GHz, 30kHz SCS, 128PRB

2 mQPSK

B QPSK truncated RRC
(0.5,0.1667)

N

B QPSK112PRB TRRC
(0.5,0.1667) ext 0.125

IS

m QPSK96PRB TRRC
(0.5,0.1667) ext 0.25

W QPSK80PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.335 1 0.335)

W QPSK112PRB FD filt (0.335
10.335) ext 0.125

W QPSK96PRB FD filt (0.335 1

I III II 0.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

&

&

N

W QPSK80PRB FD filt (0.335 1
0.335) ext 0.375
Code rate scheme




image43.png
SNR [dB]

i
5

o
I

-14

N

SNR corresponding to 10% BLER
4GHz, 30kHz SCS, 256PRB

4 mQPSK
M QPSK truncated RRC
(0.5,0.1667)

m QPSK224PRB TRRC
(0.5,0.1667) ext 0.125

N

= QPSK192PRB TRRC
(0.5,0.1667) ext 0.25

M QPSK160PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.3351 0.335)

W QPSK224PRB FD filt (0.335
10.335) ext 0.125

W QPSK192PRB FD filt (0.335
10.335) ext 0.25

cr0 crl cr2 cr3 cr4 cr5

IS

&

W QPSK160PRB FD filt (0.335
10.335) ext 0.375
Code rate scheme




image44.png
SNR [dB]

-10

SNR corresponding to 10% BLER
28GHz, 120kHz SCS, 16PRB

6 B QPSK

B QPSK truncated RRC
(0.5,0.1667)

~

B QPSK14PRB TRRC
(0.5,0.1667) ext 0.125

IS

= QPSK12PRB TRRC
(0.5,0.1667) ext 0.25

B QPSK10PRB TRRC
(0.5,0.1667) ext 0.375

m QPSK FD filt (0.3351 0.335)

W QPSK14PRB FD filt (0.3351
0.335) ext 0.125

m QPSK12PRB FD filt (0.3351

IIII 0.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

N

IS

&

N

m QPSK10PRB FD filt (0.335 1
0.335) ext 0.375
Code rate scheme




image45.png
SNR [dB]

-10

SNR corresponding to 10% BLER
28GHz, 120kHz SCS, 32PRB

6 B QPSK

4 B QPSK truncated RRC
(0.5,0.1667)

~

B QPSK28PRB TRRC
(0.5,0.1667) ext 0.125

IS

= QPSK24PRB TRRC
(0.5,0.1667) ext 0.25

B QPSK20PRB TRRC
(0.5,0.1667) ext 0.375

m QPSK FD filt (0.3351 0.335)

W QPSK28PRB FD filt (0.3351
0.335) ext 0.125

W QPSK24PRB FD filt (0.3351

IIIII III 0.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

N

IS

&

&

N

m QPSK20PRB FD filt (0.335 1
0.335) ext 0.375
Code rate scheme




image46.png
SNR [dB]

-4

-6

-8

-10

SNR corresponding to 10% BLER
28GHz, 120kHz SCS, 64PRB

cr0 crl cr2 cr3 cr4 cr5

Code rate scheme

W QPSK

B QPSK truncated RRC
(0.5,0.1667)

B QPSK56PRB TRRC
(0.5,0.1667) ext 0.125

= QPSK48PRB TRRC
(0.5,0.1667) ext 0.25

B QPSKAOPRB TRRC
(0.5,0.1667) ext 0.375

m QPSK FD filt (0.335 1 0.335)

W QPSKS56PRB FD filt (0.3351
0.335) ext 0.125

W QPSKA48PRB FD filt (0.3351
0.335) ext 0.25

W QPSKA40PRB FD filt (0.3351
0.335) ext 0.375




image47.png
SNR [dB]

-4

-6

-8

SNR corresponding to 10% BLER
28GHz, 120kHz SCS, 128PRB

cr0 crl cr2 cr3 cr4 cr5

Code rate scheme

W QPSK

B QPSK truncated RRC
(0.5,0.1667)

® QPSK112PRB TRRC
(0.5,0.1667) ext 0.125

= QPSK9EPRB TRRC
(0.5,0.1667) ext 0.25

B QPSK8OPRB TRRC
(0.5,0.1667) ext 0.375

m QPSK FD filt (0.335 1 0.335)

W QPSK112PRB FD filt (0.335
10.335) ext 0.125

W QPSK96PRB FD filt (0.335 1
0.335) ext 0.25

W QPSK80PRB FD filt (0.3351
0.335) ext 0.375




image48.png
SNR [dB]

-10

SNR corresponding to 10% BLER
28GHz, 120kHz SCS, 256PRB

© mQPSK

IS

M QPSK truncated RRC
(0.5,0.1667)

~

m QPSK224PRB TRRC
(0.5,0.1667) ext 0.125

IS

M QPSK192PRB TRRC

(0.5,0.1667) ext 0.25

M QPSK160PRB TRRC
(0.5,0.1667) ext 0.375

W QPSK FD filt (0.3351 0.335)

W QPSK224PRB FD filt (0.335
10.335) ext 0.125

W QPSK192PRB FD filt (0.335

II I 10.335) ext 0.25
cr0 crl cr2 cr3 cr4 cr5

N

IS

&

&

N

W QPSK160PRB FD filt (0.335
10.335) ext 0.375
Code rate scheme




image49.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR1

TRRC 0.5/0.1667, 25%, 16PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR1

[-0.335 1 -0.335], 0% 16PRBs, CR1

[-0.335 1 -0.335], 12.5% 16PRBs, CR1

[-0.335 1 -0.335], 25% 16PRBs, CR1

[-0.335 1 -0.335], 37.5% 16PRBs, CR1


image50.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR2

TRRC 0.5/0.1667, 25%, 16PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR2

[-0.335 1 -0.335], 0% 16PRBs, CR2

[-0.335 1 -0.335], 12.5% 16PRBs, CR2

[-0.335 1 -0.335], 25% 16PRBs, CR2

[-0.335 1 -0.335], 37.5% 16PRBs, CR2


image51.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR3

TRRC 0.5/0.1667, 25%, 16PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR3

[-0.335 1 -0.335], 0% 16PRBs, CR3

[-0.335 1 -0.335], 12.5% 16PRBs, CR3

[-0.335 1 -0.335], 25% 16PRBs, CR3

[-0.335 1 -0.335], 37.5% 16PRBs, CR3


image52.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR4

TRRC 0.5/0.1667, 25%, 16PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR4

[-0.335 1 -0.335], 0% 16PRBs, CR4

[-0.335 1 -0.335], 12.5% 16PRBs, CR4

[-0.335 1 -0.335], 25% 16PRBs, CR4

[-0.335 1 -0.335], 37.5% 16PRBs, CR4


image53.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR5

TRRC 0.5/0.1667, 25%, 16PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR5

[-0.335 1 -0.335], 0% 16PRBs, CR5

[-0.335 1 -0.335], 12.5% 16PRBs, CR5

[-0.335 1 -0.335], 25% 16PRBs, CR5

[-0.335 1 -0.335], 37.5% 16PRBs, CR5


image54.emf
0 10 20 30 40 50 60 70 80 90

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR6

TRRC 0.5/0.1667, 25%, 16PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR6

[-0.335 1 -0.335], 0% 16PRBs, CR6

[-0.335 1 -0.335], 12.5% 16PRBs, CR6

[-0.335 1 -0.335], 25% 16PRBs, CR6

[-0.335 1 -0.335], 37.5% 16PRBs, CR6


image55.emf
0 10 20 30 40 50 60 70 80

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR1

TRRC 0.5/0.1667, 25%, 32PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR1

[-0.335 1 -0.335], 0% 32PRBs, CR1

[-0.335 1 -0.335], 12.5% 32PRBs, CR1

[-0.335 1 -0.335], 25% 32PRBs, CR1

[-0.335 1 -0.335], 37.5% 32PRBs, CR1


image56.emf
0 10 20 30 40 50 60 70 80

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR2

TRRC 0.5/0.1667, 25%, 32PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR2

[-0.335 1 -0.335], 0% 32PRBs, CR2

[-0.335 1 -0.335], 12.5% 32PRBs, CR2

[-0.335 1 -0.335], 25% 32PRBs, CR2

[-0.335 1 -0.335], 37.5% 32PRBs, CR2


image57.emf
0 10 20 30 40 50 60 70 80

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR3

TRRC 0.5/0.1667, 25%, 32PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR3

[-0.335 1 -0.335], 0% 32PRBs, CR3

[-0.335 1 -0.335], 12.5% 32PRBs, CR3

[-0.335 1 -0.335], 25% 32PRBs, CR3

[-0.335 1 -0.335], 37.5% 32PRBs, CR3


image58.emf
0 10 20 30 40 50 60 70 80

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR4

TRRC 0.5/0.1667, 25%, 32PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR4

[-0.335 1 -0.335], 0% 32PRBs, CR4

[-0.335 1 -0.335], 12.5% 32PRBs, CR4

[-0.335 1 -0.335], 25% 32PRBs, CR4

[-0.335 1 -0.335], 37.5% 32PRBs, CR4


image59.emf
0 10 20 30 40 50 60 70 80

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR5

TRRC 0.5/0.1667, 25%, 32PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR5

[-0.335 1 -0.335], 0% 32PRBs, CR5

[-0.335 1 -0.335], 12.5% 32PRBs, CR5

[-0.335 1 -0.335], 25% 32PRBs, CR5

[-0.335 1 -0.335], 37.5% 32PRBs, CR5


image60.emf
0 10 20 30 40 50 60 70 80

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR6

TRRC 0.5/0.1667, 25%, 32PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR6

[-0.335 1 -0.335], 0% 32PRBs, CR6

[-0.335 1 -0.335], 12.5% 32PRBs, CR6

[-0.335 1 -0.335], 25% 32PRBs, CR6

[-0.335 1 -0.335], 37.5% 32PRBs, CR6


image61.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR1

TRRC 0.5/0.1667, 25%, 64PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR1

[-0.335 1 -0.335], 0% 64PRBs, CR1

[-0.335 1 -0.335], 12.5% 64PRBs, CR1

[-0.335 1 -0.335], 25% 64PRBs, CR1

[-0.335 1 -0.335], 37.5% 64PRBs, CR1


image62.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR2

TRRC 0.5/0.1667, 25%, 64PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR2

[-0.335 1 -0.335], 0% 64PRBs, CR2

[-0.335 1 -0.335], 12.5% 64PRBs, CR2

[-0.335 1 -0.335], 25% 64PRBs, CR2

[-0.335 1 -0.335], 37.5% 64PRBs, CR2


image63.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR3

TRRC 0.5/0.1667, 25%, 64PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR3

[-0.335 1 -0.335], 0% 64PRBs, CR3

[-0.335 1 -0.335], 12.5% 64PRBs, CR3

[-0.335 1 -0.335], 25% 64PRBs, CR3

[-0.335 1 -0.335], 37.5% 64PRBs, CR3


image64.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR4

TRRC 0.5/0.1667, 25%, 64PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR4

[-0.335 1 -0.335], 0% 64PRBs, CR4

[-0.335 1 -0.335], 12.5% 64PRBs, CR4

[-0.335 1 -0.335], 25% 64PRBs, CR4

[-0.335 1 -0.335], 37.5% 64PRBs, CR4


image65.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR5

TRRC 0.5/0.1667, 25%, 64PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR5

[-0.335 1 -0.335], 0% 64PRBs, CR5

[-0.335 1 -0.335], 12.5% 64PRBs, CR5

[-0.335 1 -0.335], 25% 64PRBs, CR5

[-0.335 1 -0.335], 37.5% 64PRBs, CR5


image66.emf
0 5 10 15 20 25 30 35 40 45

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR6

TRRC 0.5/0.1667, 25%, 64PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR6

[-0.335 1 -0.335], 0% 64PRBs, CR6

[-0.335 1 -0.335], 12.5% 64PRBs, CR6

[-0.335 1 -0.335], 25% 64PRBs, CR6

[-0.335 1 -0.335], 37.5% 64PRBs, CR6


image67.emf
1 2 3 4 5 6 7 8 9 10

RB

start

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 96PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 96PRBs, CR1

TRRC 0.5/0.1667, 25%, 96PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 96PRBs, CR1

[-0.335 1 -0.335], 0% 96PRBs, CR1

[-0.335 1 -0.335], 12.5% 96PRBs, CR1

[-0.335 1 -0.335], 25% 96PRBs, CR1

[-0.335 1 -0.335], 37.5% 96PRBs, CR1


image68.emf
1 2 3 4 5 6 7 8 9 10

RB

start

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 96PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 96PRBs, CR2

TRRC 0.5/0.1667, 25%, 96PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 96PRBs, CR2

[-0.335 1 -0.335], 0% 96PRBs, CR2

[-0.335 1 -0.335], 12.5% 96PRBs, CR2

[-0.335 1 -0.335], 25% 96PRBs, CR2

[-0.335 1 -0.335], 37.5% 96PRBs, CR2


image69.emf
1 2 3 4 5 6 7 8 9 10

RB

start

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 96PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 96PRBs, CR3

TRRC 0.5/0.1667, 25%, 96PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 96PRBs, CR3

[-0.335 1 -0.335], 0% 96PRBs, CR3

[-0.335 1 -0.335], 12.5% 96PRBs, CR3

[-0.335 1 -0.335], 25% 96PRBs, CR3

[-0.335 1 -0.335], 37.5% 96PRBs, CR3


image70.emf
1 2 3 4 5 6 7 8 9 10

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 96PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 96PRBs, CR4

TRRC 0.5/0.1667, 25%, 96PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 96PRBs, CR4

[-0.335 1 -0.335], 0% 96PRBs, CR4

[-0.335 1 -0.335], 12.5% 96PRBs, CR4

[-0.335 1 -0.335], 25% 96PRBs, CR4

[-0.335 1 -0.335], 37.5% 96PRBs, CR4


image71.emf
1 2 3 4 5 6 7 8 9 10

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 96PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 96PRBs, CR5

TRRC 0.5/0.1667, 25%, 96PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 96PRBs, CR5

[-0.335 1 -0.335], 0% 96PRBs, CR5

[-0.335 1 -0.335], 12.5% 96PRBs, CR5

[-0.335 1 -0.335], 25% 96PRBs, CR5

[-0.335 1 -0.335], 37.5% 96PRBs, CR5


image72.emf
1 2 3 4 5 6 7 8 9 10

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

20 MHz 15kHz

TRRC 0.5/0.1667, 0%, 96PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 96PRBs, CR6

TRRC 0.5/0.1667, 25%, 96PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 96PRBs, CR6

[-0.335 1 -0.335], 0% 96PRBs, CR6

[-0.335 1 -0.335], 12.5% 96PRBs, CR6

[-0.335 1 -0.335], 25% 96PRBs, CR6

[-0.335 1 -0.335], 37.5% 96PRBs, CR6


image73.emf
0 50 100 150 200 250 300

RB

start

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR1

TRRC 0.5/0.1667, 25%, 16PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR1

[-0.335 1 -0.335], 0% 16PRBs, CR1

[-0.335 1 -0.335], 12.5% 16PRBs, CR1

[-0.335 1 -0.335], 25% 16PRBs, CR1

[-0.335 1 -0.335], 37.5%, 16PRBs, CR1


image74.emf
0 50 100 150 200 250 300

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR2

TRRC 0.5/0.1667, 25%, 16PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR2

[-0.335 1 -0.335], 0% 16PRBs, CR2

[-0.335 1 -0.335], 12.5% 16PRBs, CR2

[-0.335 1 -0.335], 25% 16PRBs, CR2

[-0.335 1 -0.335], 37.5%, 16PRBs, CR2


image75.emf
0 50 100 150 200 250 300

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR3

TRRC 0.5/0.1667, 25%, 16PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR3

[-0.335 1 -0.335], 0% 16PRBs, CR3

[-0.335 1 -0.335], 12.5% 16PRBs, CR3

[-0.335 1 -0.335], 25% 16PRBs, CR3

[-0.335 1 -0.335], 37.5%, 16PRBs, CR3


image76.emf
0 50 100 150 200 250 300

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR4

TRRC 0.5/0.1667, 25%, 16PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR4

[-0.335 1 -0.335], 0% 16PRBs, CR4

[-0.335 1 -0.335], 12.5% 16PRBs, CR4

[-0.335 1 -0.335], 25% 16PRBs, CR4

[-0.335 1 -0.335], 37.5%, 16PRBs, CR4


image77.emf
0 50 100 150 200 250 300

RB

start

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR5

TRRC 0.5/0.1667, 25%, 16PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR5

[-0.335 1 -0.335], 0% 16PRBs, CR5

[-0.335 1 -0.335], 12.5% 16PRBs, CR5

[-0.335 1 -0.335], 25% 16PRBs, CR5

[-0.335 1 -0.335], 37.5%, 16PRBs, CR5


image78.emf
0 50 100 150 200 250 300

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 16PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 16PRBs, CR6

TRRC 0.5/0.1667, 25%, 16PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 16PRBs, CR6

[-0.335 1 -0.335], 0% 16PRBs, CR6

[-0.335 1 -0.335], 12.5% 16PRBs, CR6

[-0.335 1 -0.335], 25% 16PRBs, CR6

[-0.335 1 -0.335], 37.5%, 16PRBs, CR6


image79.emf
0 50 100 150 200 250

RB

start

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR1

TRRC 0.5/0.1667, 25%, 32PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR1

[-0.335 1 -0.335], 0% 32PRBs, CR1

[-0.335 1 -0.335], 12.5% 32PRBs, CR1

[-0.335 1 -0.335], 25% 32PRBs, CR1

[-0.335 1 -0.335], 37.5%, 32PRBs, CR1


image80.emf
0 50 100 150 200 250

RB

start

-1

-0.5

0

0.5

1

1.5

2

2.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR2

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR2

TRRC 0.5/0.1667, 25%, 32PRBs, CR2

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR2

[-0.335 1 -0.335], 0% 32PRBs, CR2

[-0.335 1 -0.335], 12.5% 32PRBs, CR2

[-0.335 1 -0.335], 25% 32PRBs, CR2

[-0.335 1 -0.335], 37.5%, 32PRBs, CR2


image81.emf
0 50 100 150 200 250

RB

start

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR3

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR3

TRRC 0.5/0.1667, 25%, 32PRBs, CR3

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR3

[-0.335 1 -0.335], 0% 32PRBs, CR3

[-0.335 1 -0.335], 12.5% 32PRBs, CR3

[-0.335 1 -0.335], 25% 32PRBs, CR3

[-0.335 1 -0.335], 37.5%, 32PRBs, CR3


image82.emf
0 50 100 150 200 250

RB

start

-1.5

-1

-0.5

0

0.5

1

1.5

2

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR4

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR4

TRRC 0.5/0.1667, 25%, 32PRBs, CR4

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR4

[-0.335 1 -0.335], 0% 32PRBs, CR4

[-0.335 1 -0.335], 12.5% 32PRBs, CR4

[-0.335 1 -0.335], 25% 32PRBs, CR4

[-0.335 1 -0.335], 37.5%, 32PRBs, CR4


image83.emf
0 50 100 150 200 250

RB

start

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR5

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR5

TRRC 0.5/0.1667, 25%, 32PRBs, CR5

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR5

[-0.335 1 -0.335], 0% 32PRBs, CR5

[-0.335 1 -0.335], 12.5% 32PRBs, CR5

[-0.335 1 -0.335], 25% 32PRBs, CR5

[-0.335 1 -0.335], 37.5%, 32PRBs, CR5


image84.emf
0 50 100 150 200 250

RB

start

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 32PRBs, CR6

TRRC 0.5/0.1667, 12.5%, 32PRBs, CR6

TRRC 0.5/0.1667, 25%, 32PRBs, CR6

TRRC 0.5/0.1667, 37.5%, 32PRBs, CR6

[-0.335 1 -0.335], 0% 32PRBs, CR6

[-0.335 1 -0.335], 12.5% 32PRBs, CR6

[-0.335 1 -0.335], 25% 32PRBs, CR6

[-0.335 1 -0.335], 37.5%, 32PRBs, CR6


image85.emf
0 50 100 150 200 250

RB

start

-0.5

0

0.5

1

1.5

2

2.5

3

N

e

t

 

g

a

i

n

 

[

d

B

]

100 MHz 30kHz

TRRC 0.5/0.1667, 0%, 64PRBs, CR1

TRRC 0.5/0.1667, 12.5%, 64PRBs, CR1

TRRC 0.5/0.1667, 25%, 64PRBs, CR1

TRRC 0.5/0.1667, 37.5%, 64PRBs, CR1

[-0.335 1 -0.335], 0% 64PRBs, CR1

[-0.335 1 -0.335], 12.5% 64PRBs, CR1

[-0.335 1 -0.335], 25% 64PRBs, CR1

[-0.335 1 -0.335], 37.5%, 64PRBs, CR1


