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1. Introduction 

At RAN4 #41, contribution [1] was submitted, which discussed observed discrepancies when cubic metric (CM) was used to predict performance differences resulting from LTE UL spectrum shaping.  During the discussions, it was proposed that in [2], a solution had already been presented. In this contribution, we discuss that solution and propose further changes. 
2. Discussion 

The original CM method is used to predict the power back off required maintaining a certain ACLR and EVM requirement for a WCDMA waveform. Given that for WCDMA both the spectrum shape (RRC) and the adjacent channel spacing (5MHz) can be assumed to be fixed, CM is able to give reasonable predictions.  Once the fundamental assumption of fixed spectrum shape is removed, the correlation between CM and required back off diminishes, as it was shown in [1].  

A first order improvement was given in [2], which considered that for LTE, the overlap of the IM3 power spectrum and the adjacent channel occupied BW is different from that in the case of WCDMA. If the IM3 power spectrum can be approximated as flat, then a simple scaling corresponding to the overlapping power spectrum areas can be a sufficient solution as was proposed in [2].  

When one employs different spectrum shapes then the extent of the frequencies covered by the IM3 will be fundamentally unchanged but the power distribution within that area will vary, which is not captured by the method proposed in [2].  We will discuss this in  more detail in the following subsections. 

2.1.  Spectrum shape of the IM Products 

Since the main premise of CM is that the typical non-linear effects can be well approximated by considering the 3rd order products only, we will assume the same here.  

Assume that the transmitted waveform occupies a certain BW with a known power spectrum shape.  Then the IM3 products will occupy approximately three times the BW and the IM3 power spectrum shape will be given by the triple convolution of the original power spectrum shape.  Due to possible correlation of each frequency component to the IM3 frequency component on the same frequency, the actual non-linear distortion on that frequency can be greater or smaller than the calculated IM3 power.  This effect is sometimes called compression/expansion.  We will ignore this effect here though and we will assume that compression/expansion is equally likely, so the net effect will be small. 

As an example, Figures 1 shows the analytically derived IM3 power spectrum for a flat input spectrum and an RRC (
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In Figure 2, the corresponding simulated output signal power spectrum is shown.  

Figure 3 shows the RRC window function with 
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. Note that the RRC windowing here is defined differently from the way it was defined in other RAN1 contributions, in that there is no cyclic wrap around of the spectrum.   
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Figure 1 IM3 Spectrum with and without Windowing
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Figure 2  Emission Spectrum with and without Windowing
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Figure 3  Window Frequency Domain Transfer Function

For generating the plots shown in Figure 2, the following assumptions were used:
· 5MHz system BW, 4.5MHz  occupied

· 25 RB (300 tones) allocated to the UE

· Non-linear PA model with 18dBm transmit power

· Time windowing was used

· LTE uplink waveform with 64QAM modulation

Note that Figures 1 and 2 cannot be directly compared because Figure 1 uses linear scale on the vertical axis, while Figure 2 uses a log scale. Also, even if the scale were the same, Figure 2 includes the fundamental transmitter emissions, while Figure 1 shows only the IM3 products.  Nevertheless, the narrowing of the emissions spectrum can be identified in both figures. 
2.2.  ACLR Correction

Based on the above discussion, the following method can be used for predicting ACLR when spectrum shaping is used. 
Assume the following parameters:

· The receiver filter has transfer function 
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· The reference transmit signal, without spectrum shaping, has power spectrum  
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· The transmit signal without spectrum shaping has raw cubic metric 
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· The transmit signal without spectrum shaping has Adjacent Channel Leakage Ratio 
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· The transmit spectrum shaping filter has transfer function 
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· The transmit signal with spectrum shaping has raw cubic metric 
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· The transmit signal without spectrum shaping has Adjacent Channel Leakage Ratio 
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The effect of spectrum shaping on ACLR is estimated as
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where ‘*’ denotes the convolution operation, and

· 
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2.3.  Simulation Results
Simulations were carried out to test the CM correction method.  The simulations were by no means exhaustive; therefore they only give a set of case studies.  

In all simulations, the following was assumed:

· 
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, i.e. the receiver is an adjacent LTE receiver monitoring 25 RBs (4.5MHz in 5MHz BW allocation)
The set of simulation results are shown in Table 1

	Mod order
	Spectrum Shaping
	
[image: image23.wmf]a


	
[image: image24.wmf]1

S

f

 (MHz)
	
[image: image25.wmf]2

S

f

 (MHz)
	Tx BW = 
[image: image26.wmf]1

2

S

S

f

f

-

(kHz)
	Tx Power (dBm)
	
[image: image27.wmf]S

CM

(dB)
	
[image: image28.wmf]W

CM

(dB)
	
[image: image29.wmf]CM

D

(dB)
	
[image: image30.wmf]ACLR

D

Eq(1)  (dB)
	
[image: image31.wmf]ACLR

D

 Simulated  (dB)

	4
	none
	-
	-2.25
	2.25
	4500
	18
	4.89
	4.89
	--
	--
	--

	4
	RRC
	0.2
	-2.25
	2.25
	4500
	18
	4.88
	4.9
	-0.02
	1.8
	1.6

	4
	RRC
	0.3
	-2.25
	2.25
	4500
	18
	4.88
	4.95
	-0.05
	3.1
	2.8

	4
	Kaiser
	0.5
	-2.25
	2.25
	4500
	18
	4.87
	4.69
	0.12
	1.3
	1.3

	4
	Kaiser
	1
	-2.25
	2.25
	4500
	18
	4.94
	4.9
	0.03
	4.6
	4.3

	2
	none
	-
	-2.25
	2.25
	4500
	18
	3.45
	3.45
	--
	--
	--

	2
	RRC
	0.2
	-2.25
	2.25
	4500
	18
	3.46
	3.42
	0.03
	1.8
	1.5

	2
	RRC
	0.3
	-2.25
	2.25
	4500
	18
	3.44
	3.4
	0.02
	3.1
	2.8

	2
	Kaiser
	0.5
	-2.25
	2.25
	4500
	18
	3.42
	3.1
	0.2
	1.3
	1.2

	2
	Kaiser
	1
	-2.25
	2.25
	4500
	18
	3.44
	3.3
	0.1
	4.5
	4.1

	1
	none
	-
	-2.25
	2.25
	4500
	24
	1.9
	1.9
	--
	--
	--

	1
	RRC
	0.2
	-2.25
	2.25
	4500
	24
	1.9
	1.3
	0.39
	2.5
	4.3

	1
	RRC
	0.3
	-2.25
	2.25
	4500
	24
	1.92
	0.95
	0.62
	4.1
	5.6

	1
	Kaiser
	0.5
	-2.25
	2.25
	4500
	24
	1.9
	1.03
	0.56
	2.2
	4.1

	1
	Kaiser
	1
	-2.25
	2.25
	4500
	24
	1.89
	0.25
	1.05
	6.2
	7.8

	4
	none
	-
	-2.25
	-1.17
	1080
	18
	4.89
	4.89
	--
	--
	--

	4
	RRC
	0.2
	-2.25
	-1.17
	1080
	18
	4.88
	4.9
	-0.02
	3.3
	3.8

	4
	RRC
	0.3
	-2.25
	-1.17
	1080
	18
	4.77
	4.83
	-0.05
	5.0
	5.5

	4
	Kaiser
	0.5
	-2.25
	-1.17
	1080
	18
	4.87
	4.69
	0.12
	2.2
	2.6

	4
	Kaiser
	1
	-2.25
	-1.17
	1080
	18
	4.94
	4.9
	0.03
	7.5
	7.1

	2
	none
	-
	-2.25
	-1.17
	1080
	18
	3.45
	3.45
	--
	--
	--

	2
	RRC
	0.2
	-2.25
	-1.17
	1080
	18
	3.46
	3.38
	0.05
	3.3
	3.6

	2
	RRC
	0.3
	-2.25
	-1.17
	1080
	18
	3.41
	3.33
	0.05
	5.0
	5.1

	2
	Kaiser
	0.5
	-2.25
	-1.17
	1080
	18
	3.37
	3.04
	0.22
	2.2
	2.6

	2
	Kaiser
	1
	-2.25
	-1.17
	1080
	18
	3.41
	3.38
	0.02
	7.6
	6.8

	1
	none
	-
	-2.25
	-1.17
	1080
	24
	1.89
	1.89
	--
	--
	--

	1
	RRC
	0.2
	-2.25
	-1.17
	1080
	24
	1.88
	1.21
	0.43
	5.0
	6.2

	1
	RRC
	0.3
	-2.25
	-1.17
	1080
	24
	1.92
	0.93
	0.63
	6.0
	7.1

	1
	Kaiser
	0.5
	-2.25
	-1.17
	1080
	24
	1.93
	1.03
	0.58
	3.1
	4.8

	1
	Kaiser
	1
	-2.25
	-1.17
	1080
	24
	1.9
	0.27
	1.05
	9.3
	10.4


Figure 4 Simulation Results
The interpretation of the parameters in Table 1 is as follows. 

· Mod order:

· 1 :  Pi/2-BPSK

· 2 :  QPSK

· 4 : 16QAM

· 
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· 
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 :  raw cubic metric without spectrum shaping
· 
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:  CM-based power de-rating,  
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· 
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 :  ACLR reduction calculated according to Eq (1)
· 
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 Simulated  :  ACLR difference between with an without spectrum shaping cases based on simulation data
2.4.  Observations
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, i.e. Cubic Metric based power de-rating estimate, doesn’t appear to be an adequate measure of the impact of spectrum shaping.  In many of the cases simulated, 
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gave results as small as the measurement uncertainty, even when spectrum shaping made a significant impact on ACLR.  
Note that since each comparison was made with using a fixed transmit BW and receive BW, the method proposed in [2] was automatically applied but this didn’t fix the problems observed here and also in [1]. 
The spectrum shape correction method described in this contribution gives significantly better results in all cases.  The ACLR prediction accuracy still falls short though, especially in the PI/2-BPSK cases.  The main reason for this is that for the single carrier UL waveform with low order modulation, the transmit signal spectrum will NOT be independent across all frequencies.  This will change the actual IM3 spectrum, which in turn will cause unaccounted changes in the observed ACLR.  
Note that 
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 and 
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 are not directly comparable, since the former corresponds to the input power changes, while the latter corresponds to output power changes.  Nevertheless, the difference should not be more than a factor of 3 in the case of IM3 while the observed difference is much greater than a factor of 3, therefore the above arguments are valid.  

3. Conclusion

This contribution discusses the applicability of CM-based power de-rating estimates for the UL spectrum shaping study.  We suggest that CM even with the amendment in [2] should not be used for spectrum shaping evaluation.  The correction method described in this contribution gives a better qualitative estimate but it is still not accurate enough for determining radio requirements.  We suggest that for the spectrum shaping evaluations realistic PA models should be used instead if possible.        
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