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1. Introduction

In this contribution, we study the effect of modulation inaccuracy on HS-PDSCH link performance in AWGN channel. 

First, the modulation inaccuracy of Node B is modeled as additional additive white Gaussian noise at the transmitter (as in R4-011439). The power of this transmitter impairment is determined by the error vector magnitude (EVM). The transmit power out of Node B antenna is maintained constant, and therefore the power of overall useful signals is reduced accordingly. 

Second, the effects due to the most common transmitter impairment factors are studied, including IQ amplitude imbalance, IQ phase imbalance, DC offset, phase noise, and clipping. 

The Fixed Reference Channel Set 1 specified in [1] is used throughout our study. The impact of modulation inaccuracy is evaluated for three HS-PDSCH Ec/Ior scenarios, -1, -5 and -13 dB. For each scenario, performance degradation is measured as the additional Îor/Ioc required for maintaining 10% TTI error rate (TER), and also as the decrease in throughput assuming ideal link adaptation is applied. The degradation in Îor/Ioc is equivalent to the degradations both in Eb/No, where Eb is the energy per information bit, and in Es/No, where Es is the energy per channel symbol.

2. Simulation Parameters

2.1. Signal Generation

  In our study, the following physical channels are generated at the Node B.

One CPICH (Ec/Ior = -10 dB)

HS-PDSCH (Ec/Ior = -1, -5, or -13 dB)

16 equal power DPCH's of spreading factor 128 (Ec/Ior is equivalent to the remaining base station power.). 

Note that these DPCH's can be viewed as the Orthogonal Channel Noise Simulator (OCNS).

  Coding, modulation, and the number of codes used for HS-PDSCH are based on Fixed Reference Channel Set 1 given in [1] as shown in Table 1. From here on, we will refer to the QPSK configuration (1.6 Mbps) as Fixed Reference channel (FRC) 1.1, and the 16QAM configuration (2.36 Mbps) as FRC 1.2.

	Reference Channel
	# of codes
	Modulation
	Coding Rate
	Data Rate

	1.1
	5
	QPSK
	0.67
	1.6 Mbps

	1.2
	4
	16QAM
	0.6125
	2.36 Mbps


Table 1 : Fixed reference channels set 1.
  The base station chip sequence is filtered by a root-raised-cosine filter truncated to 20 chips long. Over-sampling factor throughout our simulations is 8.

Comment: The scenario where HS-PDSCH Ec/Ior=-13 dB corresponse to a transmission with a single code. Since the reference channels have 4 and 5 codes respectively the –13dB level is not a realistic choice. For that case the power of one single DPCH is larger than all of the HS-PDSCH codes combined. Simulation results for –13dB are still included in this contribution.
 
2.2 Receiver

  The receiver parameters are consistent to Table 4 in [1], which includes known channel delays and estimated channel coefficient. In this study, the channel coefficients are estimated from CPICH.

3. Peak-to-Average Ratio

  In this section we show the statistics of the signals measured at two different points as illustrated in the following figure:
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Figure 1: Chip-level signal vs. sample-level signal in our simulations.

   The first measurement is obtained from the chip sequences (the left-hand side of the above figure).  This is the same approach used in [R4-020561].

   However, since the peak to average ratios are of most concerns to power amplifiers, it can be more accurately measured from the filtered waveform samples (the right-hand side of the above figure).

  Distributions of peak to average ratio for FRC 1.1 and 1.2 are shown in Figure 2 and Figure 3. Note that the signal after transmitter pulse shaping has larger envelope variations than the chip-level signal. Also, FRC 1.2 (16QAM) does not have higher envelope variations compared to FRC 1.1 (QPSK).
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Figure 2: Peak to average ratio for FRC 1.1 (QPSK).
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Figure 3: Peak to average ratio for FRC 1.2 (16QAM).

4. Modelling Modulation Error as AWGN

  This is the same method as [R4-011439] but the assumptions have been changed as updated in TR 25.890. The degradation is measured as the additional Îor/Ioc required for achieving 10% TTI error rate when EVM is not zero.

4.1 Results for Link Performance

   Table 2 lists required Îor/Ioc ratios to achieve 10% TTI error rate (TER) for the fixed reference channels with various HS-PDSCH total Ec/Ior ratios. With these numbers, the impact of EVM can be analyzed. The results are shown in Figure 4 and Figure 5. It can be seen that degradation for Ec/Ior = -13 dB is very large. However this setting might not be realistic for FRC 1.1 and 1.2, as each code of HS-DSCH in this case becomes too weak as was explained in the comment in chapter 2.1 in this contribution.

	HS-PDSCH total Ec/Ior
	FRC 1.1
	FRC 1.2

	-1 dB
	-0.59 dB
	3.37 dB

	-5 dB
	3.41 dB
	7.37 dB

	-13 dB
	11.41 dB
	15.37 dB


Table 2: (Îor/Ioc)EVM=0 at TER 10%.
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Figure 4: Degradation in Îor/Ioc for FRC 1.1 (QPSK).
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Figure 5: Degradation in Îor/Ioc for FRC 1.2 (16QAM).

4.2 Results for Throughput Performance

It is noted that HS-DSCH uses a multitude of modulation and coding rate schemes (MCS) to support link adaptation to the varying channel conditions.  It would then be misleading to look the throughput performance of a single MCS.  The system throughput is in fact the envelope of all the individual MCS’s throughputs.  In the example shown in the following figure, we show one such throughput performance curve for using only QPSK on the AWGN channel.  The curve is generated with the assumption that perfect SNR measure is available at the base station and hence the best coding rate is always chosen.  Since 5 codes are allocated, the maximum throughput can be up to around 2.4 Mbps (uncoded, meaning not the same as the fixed reference channel).  We also indicate the Îor/Ioc requirement (-0.59 in Îor/Ioc) and throughput (around 1.6 Mbps for coding rate 0.67 as in the reference channels) of FRC 1.1 in the figure. 
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Figure 6: Throughput performance on AWGN with Ec/Ior@-1dB.

The way throughput losses are computed in this section is also illustrated in Figure 6.  Here we see the throughput performance of a perfect TX is represented by the red solid curve.  Now, suppose the TX impairments would introduce a loss of 5 dB (as an example) in Îor/Ioc. The throughput then is represented by the blue dashed curve to the right of the original curve.  That is, to achieve the same throughput with FRC1.1, the system with impairment would need 5 dB more in Îor/Ioc.  However, a system without impairment can in this case support a throughput at around 2.3 Mbps.  Therefore, we calculate the throughput is reduced by 30% (in this example) because of the impairments.  

The throughput losses for FRC 1.1 and 1.2 in terms of percentage are listed in the following two tables.

Example: FRC 1.1 (QPSK), Ec/Ior=-5dB, EVM=17.5%. Data throughput = 1.6Mbps; Data throughput with a perfect signal would be approx. 1.684Mbps.

	EVM
	Ec/Ior=-1dB
	Ec/Ior=-5dB
	Ec/Ior=-13dB

	    2.50
	    0.06 
	    0.11
	    0.49

	    5.00
	    0.24
	    0.42
	    1.97

	    7.50
	    0.55
	    0.94
	    4.41

	   10.00
	    0.97
	    1.67
	    7.75

	   12.50
	    1.51
	    2.59
	   11.94

	   15.00
	    2.16
	    3.70
	   16.83

	   17.50
	    2.91
	    4.99
	   22.21

	   20.00
	    3.76
	    6.44
	   27.60


Table 3: Throughput losses in percentage for FRC 1.1 (QPSK). Data throughput always 1.6Mbps.

	EVM
	Ec/Ior=-1dB
	Ec/Ior=-5dB
	Ec/Ior=-13dB

	    2.50
	    0.09
	    0.18
	    0.99

	    5.00
	    0.35
	    0.71
	    3.97

	    7.50
	    0.78
	    1.60
	    9.04

	   10.00
	    1.39
	    2.85
	   16.37

	   12.50
	    2.16
	    4.45
	   26.12

	   15.00
	    3.09
	    6.40
	   36.85

	   17.50
	    4.19
	    8.70
	   38.75

	   20.00
	    5.44
	   11.35
	   38.75


Table 4: Throughput losses in percentage for FRC 1.2 (16QAM). Data throughput always 2.36Mbps.

5. Modelling of Transmitter Impairments 

5.1
IQ Amplitude Imbalance

In our study, I-Q amplitude imbalance is modeled as 

Iout
= Iin 
* GI 

Qout
= Qin
* GQ,

where the relative gain | GI / GQ -1| is defined as the IQ amplitude imbalance factor. Note that when GI and GQ are equal, the IQ amplitude imbalance factor becomes zero. Gain factors GI and GQ are normalized so that the power of the complex signal does not change.

The EVM contribution due to transmitter IQ amplitude imbalance is shown in Figure 7.
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Figure 7: EVM contribution due to transmitter IQ amplitude imbalance.

Degradation to required Îor/Ioc for achieving 10% TER for FRC1.1 and FRC1.2 are shown in Figure 8 and Figure 9, respectively.

[image: image8.png]0.4

0.2

Edly=—1dB

EJly=-5dB
EJly=—13dB

20




Figure 8: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter IQ amplitude imbalance for FRC1.1.
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Figure 9: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter IQ amplitude imbalance for FRC1.2.

Comparing Figure 8 with Figure 4 and Figure 9 with Figure 5, one can see that IQ Amplitude Imbalance has approx. the same behaviour as when modelling the error as AWGN in chapter 4.

5.2
IQ Phase Imbalance

Transmitter I-Q phase imbalance in our study is modeled as

Iout
= Iin + Qin*sin(p)

Qout
= Qin*cos(p),

where p is the phase imbalance. The EVM contribution due to transmitter IQ amplitude imbalance is shown in Figure 10.
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Figure 10: EVM contribution due to transmitter IQ phase imbalance.

  Degradation to required Îor/Ioc for achieving 10% TER for FRC1.1 and FRC1.2 are shown in Figure 11 and Figure 12. 
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Figure 11: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter IQ phase imbalance for FRC1.1.
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Figure 12: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter IQ phase imbalance for FRC1.2.

Comparing Figure 11 with Figure 4 and Figure 12 with Figure 5, one can see that IQ Phase Imbalance has less impact than modelling the error as AWGN in chapter 4.
5.3
DC Offset
Transmitter DC offset can be modeled as 

Iout
= Iin 
+DC

Qout
= Qin
+DC.

 The power of the DC is specified relative to the signal power.

The EVM contribution due to transmitter IQ amplitude imbalance is shown in Figure 13.
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Figure 13: EVM contribution due to transmitter DC offset.

Degradation to required Îor/Ioc for achieving 10% TER for FRC1.1 and FRC1.2 are shown in Figure 14 and Figure 15.
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Figure 14: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter DC offset for FRC1.1.
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Figure 15: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter DC offset for FRC1.2.

Comparing Figure 14 with Figure 4 and Figure 15 with Figure 5, one can see that DC offset Imbalance has slightly higher impact than modelling the error as AWGN in chapter 4.
5.4
Phase Noise

  Phase noise v in our simulation causes a random rotation to the transmitted signal,

Iout + j Qout = (Iin + J Qin) exp(jv),

where v is a filtered AWGN,

v = (rms * LowPassFilter(AWGN).

The RMS phase error (rms and the bandwidth of the low-pass filter can be specified. The filter response used in our simulation is based on a 2nd order Butterworth filter that is designed to match to a RF loop. This is illustrated in Figure 16.
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Figure 16: Loop filter, 2nd order Butterworth used in our simulations.

  EVM caused by transmitter phase noise is shown in Figure 17.
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Figure 17: EVM contribution due to transmitter phase noise.

Degradation to required Îor/Ioc for achieving 10% TER for FRC1.1 and FRC1.2 are shown in Figure 18 and Figure 19.
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Figure 18: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter phase noise for FRC1.1.
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Figure 19: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter phase noise for FRC1.2.

5.5
Clipping

In our study, we apply clipping at the sample level. When a sample has an amplitude greater than the clipping level, its amplitude is set to the clipping level. The clipping level is set to be a certain dB above the average amplitude. Thus the resulting EVM for a given clipping level depends on the peak-to-average ratio  (PAR) of the total base station signal. This is illustrated in Figure 20. It can be seen that for the same clipping level, the case of Ec/Ior=-1 dB has the smallest EVM, whereas the case of Ec/Ior=-13 dB has the highest EVM. This is because the case of Ec/Ior=-1 dB has the smallest PAR, and the case of Ec/Ior=-13 dB has the highest PAR as shown in Figure 2 and Figure 3.
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Figure 20: EVM contribution due to transmitter clipping.

Degradation to required Îor/Ioc for achieving 10% TER for FRC1.1 and FRC1.2 are shown in Figure 21 and Figure 22.
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Figure 21: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter clipping for FRC1.1.
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Figure 22: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter clipping for FRC1.2.
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Figure 23: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter clipping for FRC1.1.
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Figure 24: Degradation to required Îor/Ioc for achieving 10% TER due to transmitter clipping for FRC1.2.

6. Summary and Proposal

In this contribution, we studied the effect of modulation inaccuracy on HS-PDSCH link performance.

First, the modulation inaccuracy of Node B was modeled as additional additive white Gaussian noise at the transmitter. The power of this transmitter impairment is determined by the error vector magnitude (EVM). The transmit power out of Node B antenna is maintained constant, and therefore the power of overall useful signals is reduced accordingly. 

Second, the effects due to the most common transmitter impairment factors were studied, including IQ amplitude imbalance, IQ phase imbalance, DC offset, phase noise, and clipping.

	Loss in Data Throughput / %
	AWGN
	IQ Amplitude Imbalance
	IQ Phase Imbalance
	DC offset
	Phase noise

	
	Ec/Ior / dB
	Ec/Ior / dB
	Ec/Ior / dB
	Ec/Ior / dB
	Ec/Ior / dB

	
	-1
	-5
	-13
	-1
	-5
	-13
	-1
	-5
	-13
	-1
	-5
	-13
	-1
	-5
	-13

	QPSK
EVM=17.5%
	2.9
	4.9
	22.2
	3.1
	4.8
	24.6
	1.6
	2.5
	12.5
	2.1
	5.2
	31.9
	5.7
	5.1
	6.2

	QPSK EVM=12.5%
	1.5
	2.6
	11.9
	1.4
	2.3
	12.1
	0.9
	1.2
	6.3
	1.1
	2.5
	16.8
	2.6
	2.3
	2.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	16QAM EVM=17.5%
	4.2
	8.7
	38.8
	4.6
	8.9
	38.8
	2.3
	4.3
	30.1
	4.6
	11.4
	38.8
	14.4
	14.1
	13.8

	16QAM EVM=12.5%
	2.2
	4.5
	26.1
	2.5
	4.3
	30.2
	1.2
	2.2
	13.9
	2.5
	5.3
	38.8
	6.3
	5.8
	5.6


Table 5: Summary of losses in data throughput as function on the transmitter inpairment modell.

The degradation in all cases, as summarized in Table 5, are quit similar to AWGN if the loss in data throughput is at a reasonable level. 

The scenario where HS-PDSCH has an Ec/Ior=-13 dB corresponds to a transmission with a single code. Since the reference channels have 4 and 5 codes respectively the –13dB level is not a realistic choice. For that case the power of one single DPCH is larger than all of the HS-PDSCH codes combined (nevertheless, results for –13dB are still included for completness in Table 5).

Therefore, the following proposals are based on an Ec/Ior=-5dB, which corresponds to a single HS-PDSCH code power of –12dB in case of FRC 1.1 (QPSK) and –11dB in case of FRC 1.2 (16QAM). In case of QPSK the present R99 EVM requirement of 17.5% will results in a loss of data throughput of approx. 5%. In case of 16QAM approx. 5% loss in data throughput can be kept with an EVM value of 12.5%, as can be seen in Table 5.

	Loss in Data Throughput / %
	Clipping

	
	Ec/Ior / dB

	
	-1
	-5
	-13

	QPSK, Clipping level 5dB
	4.4 
	6.1
	13.9

	QPSK, Clipping level 5.5dB
	3.2
	4.3
	10.9

	QPSK, Clipping level 6dB
	1.9
	2.4
	7.6 

	
	
	
	

	16QAM, Clipping level 5dB
	7.8
	11.4 
	33.4

	16QAM, Clipping level 5.5dB
	5.5
	8.0
	26.9

	16QAM, Clipping level 6dB
	3.1
	4.4 
	17.1


Table 6: Summary of losses in data throughput as function of the clipping level.
The clipping level has to be choosen by the base station manufactorer based on a „worst case“ signal with a high PAR (see Figure 2 and Figure 3). This „worst case“ signal in this study is with an Ec/Ior=-13 dB. As indicated in Figure 20, that would result in a clipping level of > 5 dB for an EVM value of 17.5% and a clipping level of > 6 dB for 12.5% EVM. As summarized in Table 6, in case of QPSK, the 5 dB clipping level would give approx 6% loss in data throughput and in case of 16QAM, the 6dB clipping level give approx. 4.4% loss in data throughput. Therefore, an EVM of 17.5% or 12.5% will lead to a loss in data throughput in the same order as the other impairments.

It is proposed to keep a composite EVM requirement of 17.5% in case of a base station supporting QPSK modulation (either with or without supporting HS-PDSCH) and to increase the composite EVM requirement to 12.5% in case of a base station supporting 16QAM modulation.

Proposal summary:

1. No new tests for out-of-band emission in case of 16QAM is foreseen to be required since 16QAM modulation does not result in significant higher PAR, as shown in Figure 2 and Figure 3.

2. A base station supporting QPSK modulation should have a composite EVM not worse than 17.5%, as today for R99/REL-4.

3. A base station supporting 16QAM modulation should have a composite EVM not worse than 12.5%.

- Text Proposal for 25.104 REL-5 -

6.8.2.1 Minimum requirement

The Error Vector Magnitude shall not be worse than 17.5 % when the base station is transmitting a composite signal using only  QPSK modulation.
The Error Vector Magnitude shall not be worse than 12.5 % when the base station is transmitting a composite signal  that includes 16QAM modulation.
6.8.3.1 Minimum requirement

The peak code domain error shall not exceed -33 dB at spreading factor 256 when the base station is transmitting a composite signal using only  QPSK modulation.
The peak code domain error shall not exceed –[TBD] dB at spreading factor 16 when the base station is transmitting a composite signal that includes 16QAM modulation.
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