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1. Introduction 

In RAN1 various spectrum shaping options have been studied.  This contribution summarizes our view regarding these options. 
2. Discussion 
Reducing the UL peak-to-average ratio is an important factor in achieving good coverage.  The choice of a single carrier UL waveform already makes lower PAR possible when comparing to OFDM.  
In the case of a constant envelope modulation on the UL, such as Pi/2-BPSK or QPSK, the reason for the PAR still not being optimum is the envelope fluctuation created by the output signal interpolation.  While the discrete output time samples have constant amplitude, the inter-sample points see varying amplitudes.  In order to reduce this residual PAR, various spectrum shaping options had been proposed.  

At this point the only spectrum shaping options considered are the Root-Raised-Cosine (RRC) and Kaiser windows, so we will concentrate on these options also.  

Since PAR is mostly an issue only when the UL path loss is close to the maximum supportable value. The most realistic operating scenario under these circumstances would be a very narrow RB allocated to the edge of coverage UE with a relatively high duty cycle in time.  For this reason, we’ll study the two smallest RB allocation cases, which is the allocation of either 12 or 24 tones [1]. 

2.1.  More Efficient use of RRC
In the definition of RRC for the WCDMA waveform, the assumption is made that the signal spectrum is cyclically wrapped around before the spectrum shaping function is applied.  In the case of time domain processing, this is achieved automatically when the fractionally spaced (e.g. Chipx2) pulse shaping FIR is convolved with the chip spaced discrete WCDMA signal. 

The motivation for the above is to make it possible to use a very simple receiver implementation, which achieves maximum SNR in the single path channel case, without an equalizer. The nature the RRC definition ensures that a Chipx1 sampled, and therefore aliased, input signal still has a perfectly flat impulse response.  

While the above motivation is justified for WCDMA, it makes little sense to carry it over to the case of LTE UL.  Here, the input waveforms will be heavily oversampled by the Node B receiver, since the same set of input samples will have to cover the whole operating BW. Therefore, there is no obvious need for the cyclic extension in the case of LTE UL, unless some performance benefits justify it.  
Since we didn’t see the sufficient performance benefit for cyclic wrap around, we assume no cyclic extension for RRC. 

Note that this makes the RRC window assumed here different from what was used in other RAN1 contributions. 

2.2.  Assumed Spectrum Shape

In this contribution, three types of spectrum shape were used, which are shown in Figures 1 and 2. Figure 1 shows the case of 12 tones allocated, while Figure 2 shows the case of 24 tones allocated.  
Note that the rectangular window means simply no spectrum shaping. 
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Figure 1 Spectrum Shaping Window Functions with 12 tones
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Figure 2  Spectrum Shaping Window Functions with 24 tones
Note that for the RRC spectrum shape, the endpoints with zero amplitude are discarded, since using them would mean wasting BW. 

2.3.  Simulation Assumptions  
The link level simulation assumptions are listed in Table 2-1 below. 
[image: image3.png]Bandwidth

5M hz

Sub-frame length

0.5ms (6-data block, 1-pilot block)

FFT Size

512

Channel model

Typical Urban 30km/h

Receiver antenna

2

No. of occupied sub-carrier

1RB (180KHz), 2RB (360KHz)

Modulation

T/2-BPSK, QPSK

TTI

1ms, 0.5ms

Spectral shaping window

Rectangular, Kaiser, RRC

Coding

1/3-Turbo, 1/2-Convolutional

Frequency hopping

0.5ms, intra-TTI

Channel estimation

Least squares

Equalization

MMSE-SFE




Table 2‑1  Link Level Simulation Assumptions

The simulation assumptions for the maximum power analysis are shown in Table 2-2 below. 
	Parameter
	Value

	System BW
	1.25MHz

	12 tone allocation
	-360kHz…-180kHz

	24 tone allocation
	-360kHz…0kHz

	Adjacent channel passband
	-1.79MHz…-710kHz

	FIR
	48-tap Chipx4

	Windowing
	None

	PA-model
	non-linear amplitude and phase lookup 


Table 2‑2  Simulation Assumptions for the Maximum Power Analysis

Note that for both the 12 and 24 tone cases, the edge RB was not used. 
2.4.  Simulation Results
Figures 3 through 6 show the link level performance with the various windowing options. 

· Figure 3 shows 180kHz, R=1/3, QPSK

· Figure 4 shows 360kHz, R=1/3, QPSK

· Figure 5 shows 180kHz, R=1/2, Pi/2-BPSK
· Figure 6 shows 360kHz R=1/2, Pi/2-BPSK
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Figure 3  Link Level Results for 1RB, R=1/3, QPSK
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Figure 4  Link Level Results for 2RB, R=1/3, QPSK
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Figure 5 Link Level Results for 1RB, R=1/2, Pi/2-BPSK
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Figure 6 Link Level Results for 2RB, R=1/2, Pi/2-BPSK

The results of the maximum power analysis are shown in Tables 2-3 through 2-6 below.  For each scenario, the maximum supported UE transmit power was selected at which 
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 were both satisfied.  The last column in each table shows the power de-rating difference between the RRC and Kaiser windows. 
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 (RRC-Kaiser)

	ACLR (dB)
	36
	35.9
	35.9
	--

	EVM %
	4.9
	5.7
	6
	--

	Pout (dBm)
	24.5
	28
	28.4
	0.4


Table 2‑3  Maximum supported power, 24 tone, QPSK
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 (RRC-Kaiser)

	ACLR (dB)
	36
	36.1
	36.4
	--

	EVM %
	4.6
	5.3
	6
	--

	Pout (dBm)
	28
	30
	30.3
	0.3


Table 2‑4  Maximum supported power, 24 tone, Pi/2-BPSK
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 (RRC-Kaiser)

	ACLR (dB)
	35.9
	35.9
	36
	--

	EVM %
	4.9
	4.4
	4.5
	--

	Pout (dBm)
	25.0
	25.4
	25.5
	0.1


Table 2‑5  Maximum supported power, 12 tone, QPSK
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 (RRC-Kaiser)

	ACLR (dB)
	35.9
	36.1
	36
	--

	EVM %
	4.4
	3.7
	3.4
	--

	Pout (dBm)
	26.8
	27.4
	27.8
	0.4


Table 2‑6  Maximum supported power, 12 tone, Pi/2-BPSK

Note that a small difference was expected between the Kaiser and the RRC windows in the 24 tone allocation case because the spectrum shaping window functions themselves look almost identical (see Figure 2). 

The achievable maximum power is somewhat overestimated by the above data because the same 36dB ACLR target levels mean actually higher adjacent channel interference when the transmit power is higher. This is simply a result of the ACLR being a relative measure. 
The combined results of the link level and the maximum power simulations are shown in Table 2-7 below. 
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 (RRC-Kaiser) (dB)

	360kHz, R=1/3 QPSK
	2.5
	2.9
	0.4

	360kHz, R=1/2 Pi/2-BPSK
	0.7
	1
	0.3

	180kHz, R=1/3 QPSK
	-0.6
	-0.1
	0.5

	180kHz, R=1/2 Pi/2-BPSK
	-0.5
	0.3
	0.8


Table 2‑7  Combined Simulation Results

As it can be seen, spectrum shaping only made a difference in the 360kHz allocation case, where the IM3 spectrum actually overlaps with the receive filter passband assumed in the ACLR calculation.  
When considering the nominal system BW cases (1.25MHz, 2,5MHz, 5MHz, 10MHz, 15MHz, 20MHz), the following target use cases can be identified for spectrum shaping:
1. 1.25MHz BW (6RBs):

· Spectrum shaping if RB#1 or RB#6 is allocated 

· Spectrum shaping if RB#1,2 or  RB#2,3 or RB#4,5 or  RB#5,6 is allocated

2. 2.5MHz BW (12RBs):

·  Spectrum shaping if RB#1,2 or RB#5,6 is allocated

3. 2.5MHz < BW:

· No spectrum shaping
It can be also observed that the RRC window is slightly better than the Kaiser window with the parameters assumed. 

2.5.  Knowledge of the Spectrum Shape

The E-UTRA base station receiver could operate with or without a priori knowledge of the spectrum shape applied by the UE, as long as the spectrum shape can be estimated based on UL pilot observations. For this, we assume that the UL pilot also goes through the same spectrum shaping as the data symbols.  This operating mode would help making it possible to increase the pilot power for edge of coverage users via reducing the pilot PAR.  However, the correlation properties of the spectrum shaped pilot should be further studied.  
Even with assuming the pilot going through the same spectrum shape as the data, there can be a performance difference between the cases where the receiver a priori knows the applied spectrum shape and where the receiver has to rely on channel estimation to determine the spectrum shape.  

We carried out simulations to determine the link performance impact of not knowing the spectrum shape. The simulation assumptions were the same as those listed in Table 2-1.  

The simulation results are shown in Figures 7 and 8, for QPSK R=1/3 and Pi/2-BPSK R=1/2, respectively.   
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Figure 8 Impact of Spectrum Shape Estimation, QPSK, R=1/3
[image: image18.png]BLER

10

10

10°

1RB, 7f2-BPSK-1/2, 1ms-TT|, TU30, 2Rx

i
—6— Rect
—+#— Rect-est

—— Kaiser(1.0)

| —+— Kaiser-est
| —+—RRC(0.5)
_| —%—RRC-est

5 4

3

2

10 1 2 3
Es/No per antenna (dB)





Figure 8 Impact of Spectrum Shape Estimation, Pi/2-BPSK, R=1/2

As it can be seen from Figures 7 and 8, the lack of a priori knowledge of the spectrum shape causes an additional 0.7dB degradation for RRC and 0.8dB degradation for the Kaiser window.  If spectrum shaping is applied, then it obviously provides benefits if the spectrum shaping is known to the receiver. 
3. Conclusion

In summary, the following recommendations are made.  
We see some benefit of applying UL spectrum shaping; however, spectrum shaping, when used, should be restricted to the following cases: 

1. 1.25MHz BW (6RBs):

· RRC spectrum shaping if RB#1 or RB#6 is allocated 

· RRC spectrum shaping if RB#1,2 or  RB#2,3 or RB#4,5 or  RB#5,6 is allocated

2. 2.5MHz BW (12RBs):

·  RRC spectrum shaping if RB#1,2 or RB#5,6 is allocated

3. 2.5MHz < BW:

· No spectrum shaping

We also recommend that a fixed spectrum shape should be defined, and if spectrum shaping is to be applied by the UE then the base station should signal that in a semi-static manner. 
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