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1. Introduction 

There have been discussions [6] about the most suitable way specifying the NB EVM requirement for DL 64QAM.  This contribution gives simulation results comparing the alternatives. 
2. Discussion 

The modulation accuracy requirement so far has been defined as a composite waveform EVM requirement.  The real figure of merit is the code channel SNR, which may differ from the composite EVM due to the following reasons:

1. The EVM noise may not be evenly distributed among the code channels. Such cases had been described in [1].  

2. Even if the noise is distributed evenly in the code domain, there is a scaling relationship between composite EVM and code channel SNR expressed as follows:  
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 is the relative code domain power (
[image: image3.wmf]or

c

I

E

CDP

/

=

) and 
[image: image4.wmf]SF

 is the spreading factor.  
In this contribution, we study the effects of the above.  In the simulations, we assumed the test configuration proposed in [3].  

The above points summarize the disadvantages of the composite EVM methodology.  It does have advantages, as well, which we list in the Conclusions section.  

2.1.  Simulation Assumptions

The DL code channel allocation used is shown in Table 2-1 below. 
	Code Channel Index
	Spreading Factor
	OVSF Index
	Relative Power (dB)
	Modulation
	Channel Type

	1
	256
	1
	-11
	QPSK
	P-CCPCH

	2
	256
	0
	-11
	BPSK
	P-CPICH

	3
	256
	16
	-19
	QPSK
	PICH

	4
	256
	3
	-19
	QPSK
	S-CCPCH

	5
	128
	9
	-15
	QPSK
	HS-SCCH1

	6
	128
	29
	-21
	QPSK
	HS-SCCH2

	7
	128
	15
	-17
	QPSK
	DPCH1

	8
	128
	23
	-17
	QPSK
	DPCH2

	9
	128
	68
	-18
	QPSK
	DPCH3

	10
	128
	76
	-19
	QPSK
	DPCH4

	11
	128
	82
	-21
	QPSK
	DPCH5

	12
	128
	90
	-18
	QPSK
	DPCH6

	13
	128
	5
	-20
	QPSK
	DPCH7

	14
	128
	11
	-22
	QPSK
	DPCH8

	15
	128
	17
	-20
	QPSK
	DPCH9

	16
	128
	27
	-23
	QPSK
	DPCH10

	17
	128
	64
	-21
	QPSK
	DPCH11

	18
	128
	72
	-19
	QPSK
	DPCH12

	19
	128
	86
	-21
	QPSK
	DPCH13

	20
	128
	94
	-25
	QPSK
	DPCH14

	21
	128
	3
	-24
	QPSK
	DPCH15

	22
	128
	7
	-23
	QPSK
	DPCH16

	23
	128
	13
	-24
	QPSK
	DPCH17

	24
	128
	19
	-22
	QPSK
	DPCH18

	25
	128
	21
	-18
	QPSK
	DPCH19

	26
	128
	25
	-18
	QPSK
	DPCH20

	27
	128
	31
	-20
	QPSK
	DPCH21

	28
	128
	66
	-23
	QPSK
	DPCH22

	29
	128
	70
	-22
	QPSK
	DPCH23

	30
	128
	74
	-21
	QPSK
	DPCH24

	31
	128
	78
	-24
	QPSK
	DPCH25

	32
	128
	80
	-23
	QPSK
	DPCH26

	33
	128
	84
	-22
	QPSK
	DPCH27

	34
	128
	88
	-22
	QPSK
	DPCH28

	35
	128
	89
	-22
	QPSK
	DPCH29

	36
	128
	92
	-21
	QPSK
	DPCH30

	37
	16
	4
	-12
	64QAM
	HS-PDSCH1

	38
	16
	5
	-12
	64QAM
	HS-PDSCH2

	39
	16
	6
	-12
	64QAM
	HS-PDSCH3

	40
	16
	7
	-12
	64QAM
	HS-PDSCH4

	41
	16
	12
	-12
	64QAM
	HS-PDSCH5

	42
	16
	13
	-12
	64QAM
	HS-PDSCH6

	43
	16
	14
	-12
	64QAM
	HS-PDSCH7

	44
	16
	15
	-12
	64QAM
	HS-PDSCH8

	N/A
	N/A
	N/A
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	BPSK
	SCH


Table 2‑1  DL Channel Configuration

Further simulation assumptions are shown in Table 2-2 below:
	Parameter
	Value

	Chip rate
	3.84 Mcps

	Sample rate
	Chipx8

	RRC pulse shaping in Transmitter
	On

	RRC pulse shaping in Receiver
	On

	SCH
	Off

	Closed loop power control on DPCH
	Off

	Frequency error
	Off

	AWGN source
	Off


Table 2‑2  Simulation Parameters
2.2.  Simulation Results
In the simulations transmit waveforms were generated according to the configuration described in Section 2.1. Clipping and PA distortion was modelled. The receiver carries out a matched filtering operation followed by downsampling.  Next, the composite EVM and RCDE were calculated.  For information purposes, the scaled 
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 was also calculated.  Note that due to the chosen channel configuration, 
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 holds for every HS-PDSCH, i.e. the scaling is almost unity.  
In the following figures, we show results for various combination of clipping and PA backoff cases.  

Note that the horizontal index in the plots is not the OVSF code index but rather the index in the first column of Table 2-1.  The channels of interest (HS-PDSCH) has indeces in the range {37, 38, …, 44}.   
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Figure 1  Modulation Accuracy for all code channels, No Clipping, Power Backoff  0dB
[image: image9.png]Relative Error [%]

E3

Eil

15

10

Relative Cade Dormain Error Distribution

—&—RCDE
— — Composite EVM
- Relative power-scaled composite EVM

i
Channel Index




Figure 2  Modulation Accuracy for all code channels, No Clipping, Power Backoff  -3dB
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Figure 3 Modulation Accuracy for all code channels, No Clipping, Power Backoff  3dB
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Figure 4  Impact of Clipping on Baseband Signal
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Figure 5  Modulation Accuracy for all code channels, 5% Clipping, Power Backoff  0dB
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Figure 6  Modulation Accuracy for all code channels, 5% Clipping, Power Backoff  -3dB
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Figure 7  Modulation Accuracy for all code channels, 5% Clipping, Power Backoff  3dB 
Note that the general shape of the curves is very similar across the figures.  The different assumptions regarding power backoff and clipping, mainly just scale the error values. 
2.3.  Observations 

As it can be seen from the results, the scaled composite EVM and the code channel SNR (=RCDE) are very close in all cases studied.  In the case of the HS-PDSCH channels, since the scaling factor is close to one, the composite EVM and the RCDE are also very close. 
3. Conclusion

Since the chosen test configuration ensures that the composite EVM measure is the same as the code domain SNR, there is less motivation to use RCDE as a measure of modulation accuracy.  Therefore, we recommend keeping the composite EVM evaluation criteria.  This choice provides the following additional advantages:

1. Better reliability due to greater sample size 

2. The SCH modulation accuracy is also tested, which is important for UE’s employing SCH cancellation
3. The CPICH modulation accuracy and the CPICH-to-HS-PDSCH phase relationship is also tested 
4. No need to change the existing evaluation methodology
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