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1.	Introduction
With the agreed WF [1], the corresponding TP for TR 38.868 is proposed below:
Reference
[1] R4-2115064, “WF on optimization of Pi/2 BPSK UL power in NR and agreements”, Nokia
Start of TP
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The company contributions for link level simulations are given below:

5.1 Qualcomm link level simulation results
The following table gives the link level parameters that were considered in the simulations:

	Parameter
	Value

	Pulse shaping filter
	Filter configuration conforms to 38.101-1

	Channel model
	 TDL-A30ns

	MCS Code rate
	0


	Waveform
	DFTS OFDM with pi/2 BPSK filtered by same filter as for Rel-16 DMRS

	# of DMRS symbols/slot
	2

	# of data symbols/slot
	12

	# of RBs
	2, 4, 8, 16

	TX/RX configuration
	1TX/4RX

	BW
	100 MHz

	UE speed
	3 km/h

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions


Table 5.1.1 – Link level simulation parameters


Below are the link simulation results for 2, 4, 8 and 16 RBs
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Figure 5.1.1: Waveform with number of  RB=2
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Figure 5.1.2: Waveform with number of RB=4
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Figure 5.1.3: Waveform with number of RB=8
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Figure 5.1.4: Waveform with number of RB=16

For a BLER=10-1   the following is observed from the simulation results:

	Waveform RB #
	SNR @ BLER=10-1   No filter
	SNR @ BLER=10-1   with filter
	Delta (dB)

	2
	-6.9
	-6.5
	0.4

	4
	-8.7
	-8.5
	0.2

	8
	-9.9
	-9.7
	0.2

	16
	-10.8
	-10.7
	0.2


Table 5.1.2: Filter degradation as a function of RB# 
Based on this data the maximum degradation due to pulse shaping is seen to be 0.4 dB.
5.2 Huawei link level simulation results
The Table 2 below is the recommended parameter list for link level simulation.

	Parameter
	Value

	Pulse shaping filter
	Filter configuration conforms to 38.101-1

	Channel model
	TDL-C300ns, TDL-A30, TDL-D30

	MCS
	0

	Code rate
	1/8, 1/4, 1/3, 1/2, 2/3

	Waveform
	DFTS OFDM with pi/2 BPSK filtered by same filter as for Rel-16 DMRS

	# of DMRS symbols/slot
	2

	# of data symbols/slot
	12

	# of RBs
	[2, 4, 8, 16, 64]

	TX/RX configuration
	1TX/4RX

	BW
	100 MHz

	UE speed
	3 km/h

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions


Table 5.2.1: Recommended Parameter list
With the simulation assumptions in Table 2, Figure below shows the BLER performance for NLoS channel with narrow (100MHz, 8 PRB) and large bandwidth allocation (100MHz, 64 PRB), respectively.  
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1. Small RB allocation (8PRB)						(b) Large RB allocation (64PRB)
Figure 5.2.1: BLER performance of different shaping filters
5.3 Nokia link level simulation results
Simulation parameters are shown in Table 3 and the link simulation results for 2-64 PRB bandwidths in the below figures.

	Carrier frequency
	4GHz

	Channel BW
	100MHz

	SCS
	30kHz

	Channel model
	TDL-C 300ns, TDL-A 30ns, TDL-D 30ns

	UE speed
	3km/h

	Channel estimation
	Frequency domain

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	DMRS config
	Low PAPR sequence type 2, 2 symbols

	Waveform
	DFT-S-OFDM

	HARQ config
	No retransmissions

	Num PRBs
	2,4,8,16,64

	MCS
	0

	Channel 
	PUSCH, 14 OFDM symbols 

	Frequency hopping 
	No

	BLER
	10%

	Spectral shaping filter
	3-tap, FD implementation
1+D (not used for DMRS symbols)
Triangular filters


Table 5.3.1 Simulation assumptions
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Figure 5.3.1 Required SNR for 10% BLER for different channel profiles
Based on company results the maximum degradation due to pulse shaping is seen to be up to 0.87dB for all 3 channel models.
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6.1 Pulse shaping filter simulation results
6.1.1 Huawei simulation results for pulse shaping filter
Figure 6.1 illustrates the evaluated FDSS filter in term of the spectrum shape for the example of allocation of 20 PRBs. 
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Figure 6.1.1: Spectrum shape of the FDSS filters
To further elaborate our consideration and understanding of shaping filter, the comparison of different implementation is provided in figures below.
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Figure 6.1.2: PAPR of different shaping filters (CBW 100MHz, 64RB)
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Figure 6.1.3: PAPR of different shaping filters (CBW 10MHz, 8RB)
These results indicate that the PAPR for a given CCDF is lower for more aggressive pulse shaping filtering.
6.1.2 Nokia simulation results for pulse shaping filters
The following figure shous the tested filters.

[image: ]
Figure 6.2.1 Tested filters
0.335 is the most aggressive 3-tap filter that meets the current spectral flatness requirements, less aggressive 3-tap filters are included too (0.2 and 0.28). Triang A is the most aggressive triangular window that meets the current spectral flatness requirements, and Triang B is a less aggressive triangular window, with similar frequency shape as the 0.2 3-tap filter.
A subset of the results for the evaluation of the pulse shaping filters from the transmitter point of view from [3] is shown in the following figures, where the filter that provides the highest output power is selected for each allocation configuration.
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Figure 6.2.2 Shaping filter that provides the maximum output power for (left) 10 MHz channel BW, and (right) 50 MHz channel BW

Conclusions of the simulations (all available results are not included here due to vast amount of them but they can be found in [3],):
For all the tested channel bandwidth, and allocation configurations, there are filters that conform to 38.101-1 Rel-16 requirements that offer larger or same output power than the [1+D] filter when the DMRS are shaped.
For all the tested channel bandwidth, and allocation configurations, there are filters that conform to 38.101-1 Rel-16 requirements that offer larger or same output power than the [1+D] filter when the DMRS are not shaped.
6.2  Net gain analysis of combined Tx and Rx impacts
6.2.1 Nokia simulation results for net gain analysis of combined Tx and Rx impacts
In order to characterize the filters, it is needed to consider both the transmitter performance (i.e., the achievable output power) from our paper [3], and the link level performance obtained in [4]. With that information, it is possible to compute the net gain with respect to a reference filter as:

Where  is the output power of the filter being compared against the reference filter,  is the output power of the reference filter,  is the required SNR to achieve 10% BLER of the reference filter, and  is the required SNR to achieve 10% BLER of the filter being compared against the reference filter.
The following slides show the net gain of the filters with respect to the [1+D] filter with DMRS not shaped, for pi/2 BPSK considering the transmitter [3] and link level [4] performance for the following allocations and channels:
	2, 4, 8, 16 and 64 PRB
	TDL-C 300 ns, TDL-A 30 ns and TDL-D 30 ns
Filters tested:
	[-0.2 1 -0.2], [-0.28 1 -0.28], [-0.335 1 -0.335], Triang A [6 14] and Triang B [6 8]
The tested filters assume that the filter is transparent to the gNB, and the DMRS are shaped. For the [1+D], matched filter is used in reception.
6.2.1.1 Net gain simulation results for TDL-C300ns
For 2 and 4 PRB, [1+D] without DMRS shaped performs better than all the filters in center allocations (0.1-0.2 dB better than the 0.2 filter and 0-0.1 dB better than Triang B).
For 8 and 16 PRB, [1+D] without DMRS shaped is never the best for any allocation. Triang B is the best filter, providing gain for most of the possible allocations within the channel.
For 64 PRB, in central allocations, the performance is the same as Triang B. In edge band allocations, the 0.335 filter provides up to 0.9 dB gain.
For small allocation sizes, it must be noted that less aggressive filters perform better than aggressive filters in central band allocations.
There is not a single best solution for all the evaluated cases. Depending on the allocation configuration, different filters (i.e., more or less aggressive) perform differently.
Results are given in the below figures
[image: ]
Figure 6.2.1.1 2 PRB
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Figure 6.2.1.2 4 PRB
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Figure 6.2.1.3 8 PRB
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Figure 6.2.1.4 16 PRB
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Figure 6.2.1.5 64 PRB

Observation: For allocation sizes ≤ 16 PRB, less aggressive filters perform better than aggressive filters in central band allocations.
6.2.1.2 Net gain simulation results for TDL-A 30ns
For 2 and 4 PRB, [1+D] without DMRS shaped performs better than all the filters in all allocations (0.1-0.2 dB better than the Triang B filter).
For 8 and 16 PRB, [1+D] without DMRS shaped is never the best for any allocation position. 
For 64 PRB, in central allocations, the performance is the same as Triang B. In edge band allocations, the 0.335 filter provides up to 0.8-0.9 dB gain.
For small allocation sizes, it must be noted that less aggressive filters perform better than aggressive filters in central band allocations.
There is not a single best solution for all the evaluated cases. Depending on the allocation configuration, different filters (i.e., more or less aggressive) perform differently.
Results are given in the below figures
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Figure 6.2.2.1 2 PRB
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Figure 6.2.2.2 4 PRB
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Figure 6.2.2.3 8 PRB
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Figure 6.2.2.4 16 PRB
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Figure 6.2.2.5 64 PRB

6.2.1.3 Net gain simulation results for TDL-D 30ns
For 2 and 4 PRB, [1+D] without DMRS shaped performs better than all the filters in all allocations (0.1-0.2 dB better than the Triang B filter)
For 8 and 16 PRB, [1+D] without DMRS shaped is never the best for any allocation. In central band allocations, Triang B provides gain. 0.335 filter provides up to 1 dB gain in edge band allocations.
For 64 PRB, in central band allocations Triang B provides gain. In edge allocations, Triang A, 0.28 and 0.335 filters provide up to 0.8 dB gain.
For small allocation sizes, it must be noted that less aggressive filters perform better than aggressive filters in central band allocations.
There is not a single best solution for all the evaluated cases. Depending on the allocation configuration, different filters (i.e., more or less aggressive) perform differently.
Results are given in the below figures
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Figure 6.2.3.1 2 PRB
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Figure 6.2.3.2 4 PRB
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Figure 6.2.3.3 8 PRB
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Figure 6.2.3.4 16 PRB
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Figure 6.2.3.5 64 PRB
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8.1 Qualcomm results for power enhancement
Investigations were done at f=3450MHz using the parameters given in the following table. 

	Parameter
	Value

	Pulse shaping filter
	[0.28 0.91 0.28]

	Waveform
	DFTS OFDM with pi/2 BPSK with Rel-16 DMRS

	Start RB
	[10 30 50 70 90]

	LCRB
	[2 4 8 16 64]

	BW
	40 MHz

	SCS
	30 kHz



Table 8.1.1: Measurement parameters
Each Pi/2 BPSK waveform was filtered using a 3-tap filter given in table 1. This filter was selected to give waveforms with PAPRs around 2dB which is was thought to be a good compromise between achieving higher output power and limiting excessive filtering of the signal. For each start RB/LCRB combination the PA output was analyzed for IBE, EVM, ACLR, SEM and output power. The table below gives the measured results based on one PA sample. The increase in output power for various pi/2 BPSK waveforms above the PC2 MPR0 power level is given along with the SEM and IBE margins. The pi/2 BPSK output power is constrained by practical implementation considerations.
	Waveform
	Output Power above PC2 MPR0
	SEM margin
	IBE margin

	 
	(dBm)
	(dB)
	(dB)

	2RB10
	1.4
	10.7
	16.4

	2RB30
	1.2
	12.3
	15.5

	2RB50
	1.3
	26.6
	22.7

	2RB70
	1.1
	22.3
	15.6

	2RB90
	1.0
	11.9
	16.3

	4RB10
	1.2
	12.3
	15.8

	4RB40
	1.1
	16.7
	15.9

	4RB50
	1.0
	28.4
	22.2

	4RB70
	1.0
	17.4
	15.7

	4RB90
	1.0
	13.9
	15.6

	8RB10
	1.1
	14.0
	15.7

	8RB30
	1.0
	18.0
	15.4

	8RB50
	1.0
	28.3
	23.8

	8RB70
	0.9
	21.1
	14.8

	16Rb10
	1.1
	16.3
	16.6

	16RB30
	1.2
	26.9
	22.4

	16RB50
	1.0
	28.4
	22.9

	16RB70
	1.1
	19.2
	16.4

	64RB10
	1.0
	8.4
	20.1

	64RB30
	1.3
	10.9
	20.9


Table 8.1.2: Measured PA results
The IBE, EVM, ACLR and SEM were all seen to pass with sufficient margin for these waveforms.
Observation 1: Measurements on a PC2 PA revealed that Pi/2 BPSK waveforms can deliver approximately 1 dB of extra power compared to PC2 MPR0 power
END of TP
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