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1. Introduction

Agreement-1

The following agreements are reached in RAN4#84Bis:

[image: image1.emf]For   pi/2 BPSK  waveforms  with spectrum shaping ,  the following   constraints   shall be met :   1)   EVM Eq ualizer Flatness :  The  calculated  EVM   equalizer coefficients  over  the   allocated   transmission  bandwidth   shall   be  bounded   per limits  shown in the following figure ,   prior to   their application   in  EVM calculation .    
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  Note s :   a)   t he values of X1, X2, X3   are to be determined by  considering impact   of spectrum shaping on  receiver performance   b)   W trans   is the   allocated   transmission bandwidth, F center   is the center frequency of the allocated  transmission bandwidth.   2)   Shaping Filter:  The IDFT of the  frequency response   coefficients  of the TX chain ,   𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ , 𝜏 = 0 , 1 , … 𝑀 − 1 ,       where  M   i s the number of allocated subcarriers,  s hall satisfy   the following constraint:   ቊ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ | ≥ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | ∀ 𝜏 ≠ 0 | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | < 𝑌 1 < 𝜏 < 𝑀 − 1   where                     𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ = 𝐼𝐷𝐹𝑇 ൛ 𝑎 ෤ ሺ 𝑡 , 𝑓 ሻ 𝑒 𝑗 𝜑 ෥ ሺ 𝑡 , 𝑓 ሻ ൟ      f is the frequency  of  allocated SC s       𝑎 ෥ ሺ 𝑡 , 𝑓 ሻ   and  𝜑 ෤ ሺ 𝑡 , 𝑓 ሻ   are the   amplitude and phase response, respectively of the T X   cha in     Y  is a parameter <<  | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ |    


[image: image2.emf]For   pi/2 BPSK  waveforms  with spectrum shaping ,  the following   constraints   shall be met :   1)   EVM Eq ualizer Flatness :  The  calculated  EVM   equalizer coefficients  over  the   allocated   transmission  bandwidth   shall   be  bounded   per limits  shown in the following figure ,   prior to   their application   in  EVM calculation .    
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  Note s :   a)   t he values of X1, X2, X3   are to be determined by  considering impact   of spectrum shaping on  receiver performance   b)   W trans   is the   allocated   transmission bandwidth, F center   is the center frequency of the allocated  transmission bandwidth.   2)   Shaping Filter:  The IDFT of the  frequency response   coefficients  of the TX chain ,   𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ , 𝜏 = 0 , 1 , … 𝑀 − 1 ,       where  M   i s the number of allocated subcarriers,  s hall satisfy   the following constraint:   ቊ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ | ≥ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | ∀ 𝜏 ≠ 0 | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | < 𝑌 1 < 𝜏 < 𝑀 − 1   where                     𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ = 𝐼𝐷𝐹𝑇 ൛ 𝑎 ෤ ሺ 𝑡 , 𝑓 ሻ 𝑒 𝑗 𝜑 ෥ ሺ 𝑡 , 𝑓 ሻ ൟ      f is the frequency  of  allocated SC s       𝑎 ෥ ሺ 𝑡 , 𝑓 ሻ   and  𝜑 ෤ ሺ 𝑡 , 𝑓 ሻ   are the   amplitude and phase response, respectively of the T X   cha in     Y  is a parameter <<  | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ |    


Agreement-2
In RAN4 #85, the following has been agreed on Pi/2 BPSK Spectrum Shaping for FR2:

· The spectrum shaping filter and associated requirements are applicable only to FR2

· UE shall be allowed to employ spectral shaping for pi/2 BPSK
· We propose the following X1, X2 and Y values, as defined in R4-1711569, for spectrum flatness requirement so as to not preclude any of the proposed filters

· X1 = [6] dB, X2 = [20] dB, Y = [-15] dB

· X3 such that X2 = X1 + X3

· Impact on network performance should be studied

· PA Output Power for FR2: Qualcomm and IITH have shown that the PA can be driven with BPSK at a higher power level than with QPSK while meeting the requirements

· The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition

· MPR requirements for waveforms that operate at higher output power than the reference waveform can be defined with a negative value

The Pcmax requirement includes an additional term to account for negative MPR in both Pcmax_L and Pcmax_H terms
The main aim of Agreement is to limit the time domain coefficients of spectrum shaping filter to at most 3 dominant taps and also not to preclude certain filter choices such as 2-tap filter.
2. Summary of key contributions till RAN4-92
Agreement-1 sets the boundary conditions on the time domain coefficients used by the shaping filter. The agreements implies that there at most three significant taps. This information can be used in optimizing the channel estimator for pi/2 BPSK modulation. Channel estimators are always designed to cope with certain delay spread. Since the spectrum shaping filter creates additional dispersion (creates additional ISI), the channel estimator can always exploit this additional information which is captured in Agreement-1 to improve the quality of channel estimates.  In what follows we discuss the following contributions that presented the performance of pi/2 BPSK with spectrum shaping: R4-1714191 (IITH), R4-1710213 (Huawei), R4-1713626 (Qualcomm), R4-1800390 (Ericsson).
2.1  Summary of R4-1714191 (IITH): 
The following results on link-level simulations are being provided in R4-1714191. The simulation setup is as follows

	Parameter
	Value

	Code rate
	1/6 (Convolution code)

	PA Model
	Polynomial model, Saturation power 26 dBm

	SS Filter 
	1+D

	Filter knowledge at receiver
	Not known (transparent) 

	Receiver type
	MMSE 

	Channel Estimation
	DMRS: ZC filtered, real channel estimation, noise variance estimated

	Channel model
	AWGN

	
	TDL-C with different rms delay spread values

	Waveform 
	DFTS OFDM with pi/2 BPSK

	# of PRBs
	Variable


The link performance with  (1+D) spectrum shaping is shown in the next figures.
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Figure 1: BLER versus SNR for AWGN channel. 10 PRBs are used for simulation.
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Figure 2: BLER versus SNR for AWGN channel. 2 PRB's are used for simulation.
We observe that the maximum performance loss is about 0.6 dB in  case of 2 PRB’s and much more lower for the 10 PRB case. 
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Figure 3: BLER versus SNR for TDL-C 300 ns channel.  2 PRBs are used for simulation.
Summary of IITH results
Observation 1: The performance loss is less than 0.6 dB for narrow BW allocations and less than 0.1 dB for wider RB allocations
Observation 2: Loss due to filtering is at most 0.6 dB using MMSE for low delay spread using MMSE 
Observation 3: The pi/2 BPSK with transparent spectrum shaping provides up to 3.0 dB PA gain over QPSK (as per R4-1700533) and acceptable link losses resulting in a net coverage gain. 
2.2 Summary of R4-1710213, R1-1705060 (Huawei)
In Figure-4 results are shown for link losses in AWGN case with the following assumptions: AWGN, receiver is unaware of Tx shaping type , Practical (MMSE); adaptive (coarsely optimized) frequency smoothing BW .
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Figure-4: Dependence on #PRB of the detection loss of transparent RRC-1.0 (1+D) FDSS relative to no shaping, Contribution:  R4-1710213 
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Figure-5: BLER versus SNR (Link-level Simulation),  Fading, Code rate 1/6, Contribution:  R1-1705060 
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Figure-6: PAPR CDF
The observations are as follows:

· <0.6 dB loss in performance (worst case)
·  3 dB gain in PAPR
2.3 Summary of R4-1713626 (Qualcomm)
The hardware measurements of EVM as function of antenna power is shown in Figures 7 and 8 below:
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Figure-7: EVM as a function of the Antenna port power, Contribution number: R4-1713626 
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Figure-8: EVM as a function of the Antenna port power, 3-tap filter

Observations:
· PA Sat power was 30.2 dBm in the test conditions
· Can increase the PA power to saturation level with minimal degradation in EVM
2.4 Results of contribution R4-1800390 (Ericsson)

This contribution reported the MPR gain Vs link losses which are reproduced in the following Table-1

Table 1: MPR gain versus link loss in the UL

	Filter
	PSD flatness
	MPR gain (dB)
	Link loss (dB)
	Net gain (dB)

	
	
	3 RB
	18 RB
	100 RB
	3 RB
	18 RB
	100 RB
	3 RB
	18 RB
	100 RB

	QPSK
	± 0 dB
	-
	-
	-
	-
	-
	-
	-
	-
	-

	[0 1 0]
	± 0 dB
	0.0
	0.5
	0.9
	0.4
	0.4
	0.4
	-0.4
	0.1
	0.5

	[0.05 1 0.05]
	± 1 dB
	0.1
	0.7
	1.3
	0.4
	0.5
	0.5
	-0.3
	0.2
	0.8

	[0.1 1 0.1]
	± 2 dB
	0.2
	0.8
	1.5
	0.5
	0.5
	0.6
	-0.3
	0.3
	0.9

	[0.15 1 0.15]
	± 3 dB
	0.2
	1.2
	1.9
	0.6
	0.7
	0.7
	-0.4
	0.5
	1.2

	[0.2 1 0.2]
	± 4 dB
	0.2
	1.6
	2.3
	0.8
	0.8
	0.8
	-0.6
	0.8
	1.5

	[0.3 1 0.3]
	± 6 dB
	0.2
	1.6
	2.8
	1.2
	1.2
	1.3
	-1.0
	0.4
	1.5


During online discussions, It was mentioned by Ericsson that they did not take into account the additional information provided by Agreement-1 that “spectrum shaping filter creates at most three dominant contiguous taps” in Ericsson’s channel estimator. However, both IITH and Huawei used this additional information in their channel estimation. While IITH used a time domain approach, Huawei has stated that they exploited the agreement-1 as a frequency domain smoother. IITH and Huawei reported maximum link losses of 0.6 for narrow band allocation and about 0.1 dB for larger allocations. Ericsson observed higher link losses for narrowband allocation. 
Further Information on optimization of channel estimation procedure for pi/2 BPSK with spectrum shaping is provided in the Appendix.

3. Proposal
Considering the results presented by the companies the following is proposed
…………………………………………………………………………………………………………………………………………………………..

the following has been agreed on Pi/2 BPSK Spectrum Shaping for FR2:

· The spectrum shaping filter and associated requirements are applicable only to FR2

· UE shall be allowed to employ spectral shaping for pi/2 BPSK
· We propose the following X1, X2 and Y values, as defined in R4-1711569, for spectrum flatness requirement so as to not preclude any of the proposed filters

· X1 = 6 dB, X2 = 20 dB, Y = -15 dB

· X3 such that X2 = X1 + X3

· The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0dB MPR and is used for the power class definition

· MPR requirements for waveforms that operate at higher output power than the reference waveform can be defined with a negative value

The Pcmax requirement includes an additional term to account for negative MPR in both Pcmax_L and Pcmax_H terms
………………………………………………………………………………………………………………………………………………………………..

4. Appendix: Further Information on Optimization of channel estimation Procedure for pi/2 BPSK with spectrum shaping
For the benefit of providing additional clarity we provide the following additional information that exploits the  information provided by Agreemnt-1 that is used to enhance the channel estimation performance. The following methods can be used for improving the channel estimation for pi/2 BPSK with spectrum shaping:


Step-1: We remove the ZC modulation on the RS in frequency domain. 
Step-2: Take IFFT.

Time domain channel estimation

1. AWGN case:  On the IFFT output, collect the dominant three taps (which is agreed in RAN4 as per Agreement-1) set rest of the channel taps as zero values. Take FFT to get frequency domain channel estimates
2.  Delay spread channel:  We consider worst case delay spread and the knowledge that there are at most 3-tap due to shaping, sync interpolation effects, and possibility of collecting receiver samples within CP window. Note that for mmwave, delay spread is low and receiver need not take samples too deep into CP interval. Considering these facts, we collect channel taps within a window and set rest of the time domain taps  as zero values
Frequency domain estimation: This method operates with modulation free RS samples and we average/smoothen the frequency response knowing that there are at most 3-taps due to filter and possible additional delay spread caused by the propagation channel 

