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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a new 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 for transparent schemes. The corresponding results for non-transparent schemes are shown in [5]. Based on the following agreement made in RAN4 #104bis-e, FDSS w/o SE for DFT-s-OFDM is the transparent scheme according to WID. Hence, we’ll focus on that. 

Agreement: 
· Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID
· Other techniques can be discussed depending on RAN Plenary decision
2	Simulation parameters
Simulation parameters used in these simulations are shown in Table 1 for FR1, and in Table 2 for FR2, respectively. 
Table 2 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 factor
	0 

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· 2-Tap for FDSS QPSK w/o SE 
· (1 0.28) 
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3




Table 3 Simulation parameters for FR2 for FDSS (green: agreed already)
	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, (for reference 0.125, 0.25, 0.375)

	Channel 
	PUSCH, 14 OFDM symbols 

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

	Power class
	PC 3




3	Simulation results
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.
3.1.1 FR1 MPR results for 20 MHz channel, 15 kHz SCS
Figure 1 shows the required MPR for transparent schemes of 16, 32, 64 and 96 PRB. It can be noted that OBO gain from transparent schemes (compared to case without filter) is typically less than 1 dB. The results also show that the two-taps filter [1 0.28] agreed to be part of the study in RAN4 #105 requires higher OBO than the three-taps filter [0.335 1 0.335] or TRRC filter. The biggest OBO gain is achieved with three-tap filter “0.28”. However, when compared to non-transparent schemes (in [5]), it can be noted non-transparent schemes outperform transparent schemes with a clear margin. Furthermore, as shown in [5], in the big picture transparent schemes don’t provide net gain with QPSK (in other words, OBO gain < Rx loss).
Observation 1: It can be noted that OBO gain from transparent schemes (compared to the case without filter) is typically less than 1 dB. For the largest RB allocations, the OBO gain is about 1.5 dB. 
Observation 2: The two-taps filter [1 0.28] requires higher OBO than the three-taps filter [0.335 1 0.335] or TRRC filter.
Observation 3: When compared to non-transparent schemes (in [5]), it can be noted that non-transparent schemes outperform transparent schemes with a clear margin. 
Observation 4: Furthermore, as shown in [5], transparent schemes don’t provide net gain with QPSK (in other words, OBO gain < Rx loss).
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Figure 1. Required MPR for 20 MHz channel, 15 kHz SCS with the evaluated filters TRCC, [0.335 1 0.335], [0.28, 1 0.28] and [1, 0.28], for 16 PRB (top left), 32 PRB (top right), 64 PRB (bottom left) and 96 PRB (bottom right)

3.1.2 FR1 MPR results for 20 MHz channel, 30 kHz SCS
Figure 2 shows the required MPR for transparent schemes of 8, 16, 32, and 48 PRB. When compared to results with 15 kHz SCS (Figure 1), it can be noted that for similar FDRA, the OBO behaviour is very similar between 15 kHz and 30 kHz SCSs. Additionally, it can be noted that the two-taps filter [1 0.28] requires higher OBO than the three-taps filters [0.28, 1 0.28] and for higher PRBs, the two- taps filter requires higher OBO than the three-taps filter [0.335 1 0.335] or TRRC filter.

Observation 5: For similar FDRA, OBO behaviour is very similar between different SCSs.
.
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Figure 2. Required MPR for 20 MHz channel, 30 kHz SCS with the evaluated filters TRCC, [0.335 1 0.335], [0.28, 1 0.28] and [1, 0.28], for 8 PRB (top left), 16 PRB (top right), 32 PRB (bottom left) and 48 PRB (bottom right).

3.1.1 FR1 MPR results for 20 MHz channel, 60 kHz SCS
Figure 3 shows the required MPR for transparent schemes of 4, 8, 16, and 24 PRB. When compared to results with 15 kHz SCS (Figure 1) and with 30 kHz SCS (Figure 2), it can be noted again, that for similar FDRA, the OBO behaviour is very similar between different SCSs. Additionally, it is noted two-taps filter [1 0.28] requires higher OBO than the three-taps filter [0.28, 1 0.28] and for higher PRBs the two- taps filter requires higher OBO than the three-taps filter [0.335 1 0.335] or TRRC filters.
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Figure 3. Required MPR for 20 MHz channel, 60 kHz SCS with the evaluated filters TRCC, [0.335 1 0.335], [0.28, 1 0.28] and [1, 0.28], for 4 PRB (top left), 8 PRB (top right), 16 PRB (bottom left) and 24 PRB (bottom right).


3.1.2 FR1 MPR results for 100 MHz channel, 30 kHz SCS
Figure 4 shows the required MPR for transparent schemes of 16, 32, 64, 128 and 256 PRBs. The trend is very similar to with the 20 MHz CBW case: It can be noted that OBO gain from transparent schemes (compared to case without filter) is typically less than 1 dB. The gain is biggest with the most aggressive filter. When compared to non-transparent schemes (in [5]), it can be noted non-transparent schemes they outperform transparent schemes with a clear margin.
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Figure 4. Required MPR for 100 MHz channel, 30 kHz SCS with the evaluated filters TRCC, [0.335 1 0.335], [0.28, 1 0.28] and [1, 0.28], for 16 PRB (top left), 32 PRB (top right), 64 PRB (bottom left), 128 PRB (bottom right) and 256 PRB (bottom center.)
Observation 6: There are no major differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.

3.2 FR2 MPR results for FDSS
Simulation results with required MPR for FR2 are shown in this section. For completeness, the required MPR for legacy DFT-s-OFDM (i.e., without FDSS) is included in the figures.
3.2.1 FR2 MPR
Figure 5 shows the required MPR for different combinations of filter and extensions in the case of 16, 32, 64, 128 and 256 PRBs. Transparent schemes are marked with “0%” (extension). It can be noted that power gain from transparent scheme is relatively small (or even negative) for the studied filters.
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Figure 5 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)
Observation 7: Non-transparent schemes outperform transparent schemes with a clear margin in FR2.

3.3 Summary of the OBO results (transparent schemes)
In the following, we summarize the OBO results shown in Section 3.1 (FR1), and Section 3.2 (FR2):
1. Power gain from transparent schemes (compared to the case without filter) is typically around 1 dB. 
· The largest power gain from transparent schemes (compared to the case without filter) is achieved for the largest RB allocations. 
· Depending on the filter, power gain from transparent schemes can be slightly higher for outer allocations (compared to inner allocations).
· 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.
· Power gain from transparent schemes is smaller in FR2 (compared to FR1).
2. Power boosting could be beneficial in certain cases to take the full power gain benefit from transparent schemes.

In what following, we perform a statistical analysis of OBO for different filters. We compute first the OBO difference () according to the baseline as follow

where is the OBO obtained with no filter. Then we compute the average of the , denoted as  , for inner and outer allocation of RB. The obtained result is shown in Table 1 – Table 7 below. 


Table 1 average for 20 MHz 15 kHz SCS for 16PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 16PRBs                    
	0
	0

	TRRC 0.5/0.1667, 0%, 16PRBs         
	-0.24
	-0.8063

	[-0.335 1 -0.335], 0%, 16PRBs       
	-0.196
	-1.125

	[-0.28 1 -0.28], 0%, 16PRBs         
	-0.5893
	-1.2188

	[1 -0.28], 0%, 16PRBs               
	-0.2933
	-0.6625



Table 2:  average for 20 MHz 15 kHz SCS for 32PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 32PRBs                   
	0
	0

	TRRC 0.5/0.1667, 0%, 32PRBs         
	-0.2279
	-0.85

	[-0.335 1 -0.335], 0%, 32PRBs       
	-0.2
	-1.1344

	[-0.28 1 -0.28], 0%, 32PRBs         
	-0.607
	-1.2156

	[1 -0.28], 0%, 32PRBs               
	-0.2628
	-0.7906



Table 3:  average for 20 MHz 30 kHz SCS for 16PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 16PRBs                   
	0
	0

	TRRC 0.5/0.1667, 0%, 16PRBs         
	-0.275
	-0.7812

	[-0.335 1 -0.335], 0%, 16PRBs       
	-0.195
	-0.9938

	[-0.28 1 -0.28], 0%, 16PRBs         
	-0.625
	-1.1375

	[1 -0.28], 0%, 16PRBs               
	-0.32
	-0.725








Table 4:  average for 20 MHz 60 kHz SCS for 4PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 4PRBs                 
	0
	0

	TRRC 0.5/0.1667, 0%, 4PRBs       
	-0.1941
	-0.8

	[-0.335 1 -0.335], 0%, 4PRBs     
	0.0824
	-0.625

	[-0.28 1 -0.28], 0%, 4PRBs       
	-0.3941
	-1.05

	[1 -0.28], 0%, 4PRBs             
	-0.2059
	-0.7



Table 5:  average for 20 MHz 60 kHz SCS for 8PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 8PRBs                   
	0
	0

	TRRC 0.5/0.1667, 0%, 8PRBs         
	-0.2667
	-0.6875

	[-0.335 1 -0.335], 0%, 8PRBs       
	-0.0556
	-0.7625

	[-0.28 1 -0.28], 0%, 8PRBs         
	-0.5667
	-1.05

	[1 -0.28], 0%, 8PRBs               
	-0.2889
	-0.675



Table 6:  average for 100 MHz 30 kHz SCS for 16PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 16PRBs                   
	0
	0

	TRRC 0.5/0.1667, 0%, 16PRBs         
	-0.2587
	-0.775

	[-0.335 1 -0.335], 0%, 16PRBs       
	-0.2021
	-1.1375

	[-0.28 1 -0.28], 0%, 16PRBs         
	-0.5963
	-1.2

	[1 -0.28], 0%, 16PRBs               
	-0.2934
	-0.6125



Table 7:  average for 100 MHz 30 kHz SCS for 32PRBs
	Cases
	 Inner allocation   
	 Outer allocation   

	No filter, 32PRBs                   
	0
	0

	TRRC 0.5/0.1667, 0%, 32PRBs         
	-0.2595
	-0.8313

	[-0.335 1 -0.335], 0%, 32PRBs       
	-0.2581
	-1.0969

	[-0.28 1 -0.28], 0%, 32PRBs         
	-0.6105
	-1.1688

	[1 -0.28], 0%, 32PRBs               
	-0.279
	-0.7594




The lower value, the better the performance of the applied filter for inner or outer allocation of RBs. We notice that the statistical analysis of the OBO matches the plot in section 3.1 with respective parameters. This proposed compressed OBO allows a fast filter comparison regardless the RB allocation.

[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this contribution we provided preliminary results of the UE transmitter performance for power domain enhancements. The focus of this paper was on transparent schemes. Based on the results we make the following observations:
 
Observation 1: It can be noted that OBO gain from transparent schemes (compared to the case without filter) is typically less than 1 dB. For the largest RB allocations, the OBO gain is about 1.5 dB. 
Observation 2: The two-taps filter [1 0.28] requires higher OBO than the three-taps filter [0.335 1 0.335] or TRRC filter.
Observation 3: When compared to non-transparent schemes (in [5]), it can be noted that non-transparent schemes outperform transparent schemes with a clear margin. 
Observation 4: Furthermore, as shown in [5], transparent schemes don’t provide net gain with QPSK (in other words, OBO gain < Rx loss).
Observation 5: For similar FDRA, OBO behaviour is very similar between different SCSs.
Observation 6: There are no major differences in OBO performance between 20 MHz CBW and 100 MHz CBW cases.
Observation 7: Non-transparent schemes outperform transparent schemes with a clear margin in FR2.
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