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1 Introduction
In the last RAN1#47 meeting, it was agreed that spectrum shaping is supported for both π/2 BSPSK and QPSK modulations. It was also noted that the exact spectrum shaping function and value will be decided at RAN1#47bis meeting. In this paper, we compare uplink CM/PAPR and link performance for root-raised cosine (RRC) and Kaiser window spectrum shaping functions.  
2 Performance Results
2.1 Simulation parameters and assumptions
The detailed parameters are given in Table 1.
Table 1 Simulation assumptions
	UL Modulation
	QPSK,π/2 BPSK

	Coding 
	1/3

	Non-ideal receiver functions
	Ideal channel estimation 


	Subframe duration/TTI
	0.5 ms/1 ms

	Transmission BW
	10MHz

	OFDM symbols/subframe 
	6(data) + 2 (pilot) 

	# subcarriers
	60 for Kaiser, 72 for RRC (0.2), 90 for RRC(0.5) 

6RBs for RRC


	NFFT/DFT
	1024/60

	Turbo-Decoding
	Max-Log, 8 iteration

	Spectrum Shaping
	Square-Root RRC vs. Kaiser 

	Propagation Channel
	AWGN/SCM Urban Macro

	Number of Rx. Antenna
	2

	Channel coding
	Turbo coding

	UE Speed
	3km/h

	Hybrid ARQ
	No



2.2 Link Performance Comparison- AWGN channel
In section, we show the link (BLER-Block Error Rate) performance of π/2-BPSK and QPSK modulation with various spectrum shaping function: Squared-root RRC and Kaiser Windowing.  Figure 1 and 2 show the comparative BLER performance of QPSK and π/2-BPSK modulations with square-root RRC and Kaiser spectrum shaping, respectively. As shown, at 10%of BLER, RRC-based spectrums shaping provides 0.3 to 0.7dB gain over Kaiser spectrum shaping for QPSK modulation. For π/2-BPSK modulation, the gain of RRC over Kaiser is around 0.1~0.2 dB.  
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Figure 1 Link performance comparison of QPSK, rate=1/3, in AWGN channel
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Figure 2 Link performance comparison of π/2-BPSK, rate=1/3, in AWGN channel
2.3 Link Performance Comparison- SCM channel
In this section, we show the link BLER performance of π/2-BPSK and QPSK modulation with squared-root RRC and Kaiser spectrum shaping under SCM Macro-Urban channel.  Figure 3 and 4 show the comparative BLER performance of QPSK and π/2-BPSK modulations with square-root RRC and Kaiser spectrum shaping, respectively. As shown,  at 10% of BLER, RRC-based spectrums shaping provides 0.4 to 0.5dB gain over Kaiser spectrum shaping for QPSK modulation and 0.2 dB for /2-BPSK modulation.

[image: image3]
Figure 3 Link performance comparison of QPSK, rate=1/3, in SCM channel
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Figure 4 Link performance comparison of π/2-BPSK, rate=1/3, in SCM channel

2.4 PAPR/CM Performance

Table 2 shows the summary of comparative PAPR performance for /2-BPSK and QPSK with both squared-root RRC and Kaiser spectrum shaping functions. For QPSK modulation, the best achievable PAPR performance for RRC and Kaiser spectrum shaping is 2.9 dB with roll-off =0.5 and 4.4 dB with β=2.5, respectively. For /2-BPSK modulation, the best achievable PAPR performance is 2.0 dB with roll-off =0.5 and 2.1 dB with β=2.5 for RRC and Kaiser functions, respectively. Table 3 shows the summary of comparative cubic metric performance for /2-BPSK and QPSK with both square-root RRC and Kaiser spectrum shaping functions. For QPSK modulation, the best achievable cubic metric performance for RRC and Kaiser spectrum shaping is 0.11 dB with roll-off=0.5 and 0.82 dB with β=2, respectively. For /2-BPSK modulation, the best achievable cubic metric perform is -0.4 dB with roll-off=0.5 and -0.6 dB with β=2.5 for RRC and Kaiser functions, respectively.
 Table 2 PAPR performance for QPSK and /2-BPSK
	Bandwidth Efficiency [bits/subcarrier]
	Modulation
	RRC Roll-off
	0.1%PAPR

[dB]

	2
	QPSK
	0.0
	5.7

	1.67
	QPSK
	0.2
	4.4

	1.333
	QPSK
	0.5
	2.9

	1
	/2-BPSK
	0.0
	4.5

	0.83
	/2-BPSK
	0.2
	2.2

	0.67
	/2-BPSK
	0.5
	2.0


	Bandwidth Efficiency [bits/subcarrier]
	Modulation
	Kaiser -β
	0.1%PAPR

[dB]

	2
	QPSK
	2.0
	4.8

	2
	QPSK
	2.5
	4.4

	1
	/2-BPSK
	2.0
	2.8

	1
	/2-BPSK
	2.5
	2.1


Table 3 Summary of cubic metric power for QPSK and /2-BPSK
	Bandwidth Efficiency [bits/subcarrier]
	Modulation

	RRC Roll-off
	Cubic Metric 

[dB]

	2
	QPSK
	0.0
	1.0

	1.67
	QPSK
	0.2
	0.45

	1.33
	QPSK
	0.5
	0.11

	1
	/2-BPSK
	0.0
	0.2

	0.83
	/2-BPSK
	0.2
	-0.32

	0.67
	/2-BPSK
	0.5
	-0.4


	Bandwidth Efficiency [bits/subcarrier]
	Modulation

	Kaiser -β
	Cubic Metric 

[dB]

	2
	QPSK
	2.0
	0.82

	2
	QPSK
	2.5
	0.85

	1
	/2-BPSK
	2.0
	0.45

	1
	/2-BPSK
	2.5
	-0.6


2.5 Summary
Table 4 and Table 5 provide the overall summary of combined cubic metric power and the required SNR performance for QPSK and π/2-BPSK, respectively. In light of the above results with the combined BLER and PAPR/CM performance (The highlighted number in Table 4 and Table 5), we believe RRC-based spectrum shaping provide a better combined BLER/CM performance over Kaiser both AWGN and SCM channels. Therefore, we recommend squared-root RRC with roll-off =0.2 or 0.5 spectrum shaping for E-UTRA uplink.
Table 4 Summary of cubic metric power and Required SNR for QPSK 
	
	 
	Cubic Metric (CM)

   (dB)
	Required SNR 

at 10% (dB)

(AWGN)
	Required SNR 

at 10% (dB)

(SCM)
	Combined CM with Required SNR

(dB) 

(AWGN)
	Combined CM with Required SNR

(dB) 

(SCM)

	RRC
(Roll-Off)
	0.0
	1.0
	-3.8
	2.0
	-2.8
	3.0

	
	0.2
	0.45
	-3.8
	2.0
	-3.35
	2.45

	
	0.5
	0.11
	-3.8
	2.0
	-3.69
	2.11

	Kaiser
(β)
	2.0
	0.82
	-3.5
	2.4
	-2.68
	3.32

	
	2.5
	0.85
	-3.1
	2.5
	-2.25
	3.35


Table 5 Summary of cubic metric power and Required SNR for π/2-BPSK 
	
	 
	Cubic Metric (CM)

   (dB)
	Required SNR 

at 10% (dB)

(AWGN)
	Required SNR 

at 10% (dB)

(SCM)
	Combined CM with Required SNR

(dB) 

(AWGN)
	Combined CM with Required SNR

(dB) 

(SCM)

	RRC
(Roll-Off)
	0.0
	0.2
	-6.7
	-1.4
	-6.5
	-1.2

	
	0.2
	-0.32
	-6.7
	-1.3
	-7.02
	-1.62

	
	0.5
	-0.4
	-6.7
	-1.3
	-7.1
	-1.7

	Kaiser
(β)
	2.0
	0.45
	-6.65
	-1.1
	-6.2
	-1.65

	
	2.5
	-0.6
	-6.6
	-1.1
	-7.2
	-1.7


3 Conclusion
We compared CM/PAPR and link performance for root-raised cosine (RRC) and Kaiser window spectrum shaping functions.  We noted that for QPSK modulation, RRC-based spectrum shaping provides a combined cubic metric and SINR link gain of approximately 1.2dB. For /2-BPSK modulation, the combined CM and SINR link performance of RRC and Kaiser is comparable. Based on the performance results presented in this contribution and the decision from RAN1#47 meeting of using a single spectrum shaping function for both QPSK and /2-BPSK, we recommend that RRC spectrum shaping function with roll-off of either 0.2 or 0.5 is selected for E-UTRA uplink.
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