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1. Introduction
In RAN WG4 #44, the requirement on modulation accuracy was altered to cover UEs supporting higher order modulation in the uplink. The basic structure of the requirement allows UEs to comply with one out of two options. Concerns were raised by a few companies that this structure with two alternatives is confusing and that an effort should be made to see if one of the alternatives could be removed. 
2. Current requirement

An excerpt from 25.101 showing the current status of the requirement is shown below.
When 16QAM modulation is used on any of the uplink code channels, the modulation accuracy requirement shall meet one or both of the following requirements:

1.
The Error Vector Magnitude does not exceed 14 % for the parameters specified in Table 6.15. 

2.
The Relative Code Domain Error requirements specified in 6.8.3a are met. 

3. Analysis of alternative 1

The analysis of alternative 1 is relatively straightforward. It aims at setting a requirement for composite EVM at 14%. 

4. Analysis of alternative 2

Alternative 2 uses the definition of code domain error that was used for enhanced uplink, but uses different definitions for codes not using 16QAM, and codes using 16QAM. The requirement for codes using 16-QAM is analysed first. 

4.1. Requirement for codes using 16QAM

An excerpt from ‎[1] is provided below. 
When 16QAM is used on any of the UL code channels, the Nominal CDP Ratio-weighted average of the Relative Code Domain Errors measured individually on each of the codes using 16QAM shall meet the requirements in Table 6.15D for the parameters specified in Table 6.15. The Nominal CDP Ratio-weighted average of the Relative Code Domain Errors means the sum  
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For the purposes of evaluating the requirements specified in Table 6.15D, the ECDP value is determined as the minimum of the individual ECDP values corresponding to the codes using 16QAM. 

Table 6.15D: Relative Code Domain Error minimum requirement

	ECDP dB
	Average Relative Code Domain Error dB

	-25.5 < ECDP
	≤ -18

	-30 ≤ ECDP ≤ -25.5
	≤ -43.5 - ECDP

	ECDP < -30
	No requirement


Analysing this requirement in more detail, an in particular the nominal CDP Ratio-weighed average yields the following.
1. Nominal CDP ratio is defined in ‎[1], section 6.2.3 as:

Nominal CDP ratio = 10*log((Nominal CDP) / (Sum of all nominal CDPs))

The nominal CDP of a code is relative to the total of all codes and is derived from beta factors. The sum of all nominal CDPs will equal 1 by definition.
2. Given the definition of nominal CDP, the definition of nominal CDP Ratio-weighted average of the Relative Code Domain Errors can be rewritten with linear variables as:
Eq. (1) CDEaverage = 
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where ek is the error power resulting from projecting the error ( obtained from the composite EVM measurement onto code k, sk  is the nominal CDP ratio expressed linearly and S is the total signal power. If ci denotes chip k of the combined spreading and scrambling sequence, and (i denotes the error contribution to each received chip, ek can be further expressed as:
Eq. (2) 
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Where the spreading sequence is normalized so that,
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It is important to note that if CDEaverage would be calculated over all used codes, and the covariance terms would all be zero, CDEaverage would equate to the composite EVM. Furthermore, if the covariance terms were zero, there would exist a simple relationship between composite EVM and CDE according to:

Eq. (3) Relative CDEAWGN = 20*log10(EVM) – ECDP - 10 * log10(256) – 3 dB.
However, as was shown in ‎[4], impairments in the transmitter generates correlation, such that the covariance terms are non-zero. In order to be able to make a comparison between the composite EVM requirement and the CDE requirement, some assumption must be made on how much higher the actual CDE becomes compared to the CDE calculated from (3). Such an assumption is stated below.

Eq. (4) Relative CDECompensated = 20*log10(EVM) – ECDP - 10 * log10(256) – 3 dB + 2 dB,

The addition of 2 dB is based on results from ‎[4], where a transmitter with a 10.5% composite EVM rendered a maximum CDE on the 16-QAM codes that would correspond to 12.5% composite EVM if the correlation terms had been zero. Using this assumption, CDE requirement can be converted to a composite EVM. However, as the sum over ek is only made over the codes using 16-QAM, CDEaverage can be expected to be lower than or equal to the composite EVM, all depending on how the noise is distributed in the code domain.  
Taking the analysis further, it is interesting to look at three scenarios:

Scenario 1: All the noise is on the 16-QAM codes (unlikely)
If all the noise would be correlated to the codespace occupied by the 16QAM codes, CDEaverage would capture all the noise in the signal, and the requirement would equate to a composite EVM of less than 12.5% (See Appendix for details). 
Scenario 2: All the noise is on the codes not using 16-QAM (unlikely)

If all the noise would be correlated to the codespace occupied by the non-16QAM codes, CDEaverage would be zero.

Scenario3: The noise correlates evenly over the codespace (likely but simplified)

For this case, CDEaverage would be dependent on the ratio of the codespace used for the 16QAM codes. With a well constructed test case this could for example be 75 % (two code-channels with SF2 and two code-channels with SF4). For this particular case, CDEaverage would only measure 75% of the noise compared to scenario 1, and consequently the equivalent composite EVM would be around 14.4% as explained in Eq. (5) below.

Eq. (5) 
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If less that 75% of the codespace would be used in a testcase, the requirement would correspond to an equivalent composite EVM even higher than 14.4%.
4.2. Requirement for codes not using 16QAM

For codes not using 16QAM, it is straightforward to compare the numbers in table 6.15C and table 6.15B, and conclude that the requirement for the non 16-QAM codes has been tightened. 
5. Considerations on removal of carrier leakage from requirement

It is worth noting that this measurement value is defined excluding carrier leakage, with a separate requirement on maximum carrier leakage of -17 dBc. When comparing this number to the legacy 17.5% value it thus needs to be adjusted according to:

(2) EVMtot = 
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If the worst case allowed carrier leakage is assumed the maximum EVM including carrier leakage corresponds to (assuming that the two noise sources are uncorrelated and can be added in an rms sense):

(3)
EVMtot =  
[image: image8.wmf]199

.

0

14

.

0

14

.

0

2

2

=

+


A similar calculation exercise can of course be made on alternative 2, for which the equivalent requirement is relaxed from 14.4% to 20.2%.
We thus conclude that for designs where carrier leakage uses a large part of the EVM budget, the new requirement can be equivalent to a relaxation by almost 2% compared to the original QPSK requirement of 17.5%. 
6. System impact with the current requirement

Simulations showing the impact of EVM were made in ‎[3], where a link simulation for composite EVM figures of up to 17.5% (modeled as AWGN) were simulated. It can be seen that the impact of the current EVM requirement is severe, and more than 7.5 dB of additional Ec/N0 per antenna is needed to maintain the 95% throughput. It would therefore make sense to investigate if it is feasible to tighten the requirement for Rel. 8. 
7. Discussion

The two alternatives for EVM have been analyzed, it can be concluded that a straight off comparison is not possible unless some assumption is made on the effects of the correlation characteristics of the error signal. Using a basic assumption of a 2 dB increase of CDE compared due to correlation effects, the equivalent composite EVM levels are 19% for Alternative 1 and 19.4 % for Alternative 2.
 A summary of the pros and cons of the two methods is shown in Table 1 below.
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As can be seen there are benefits of keeping both requirements, one giving a baseline requirement for all codes, the other ensuring that the transmitter does not introduce an excessive amount of correlation that will distort the symbol after despreading. Considering also that the added complexity for making both measurements is fairly low, it is proposed to make both requirements mandatory.
8. Conclusion

Two options for specifying modulation accuracy for 16QAM in the uplink have been analysed. Using assumptions on the correlation effects in the transmitted signal, which in reality are implementation dependent, the two requirements seem to be close to equivalent. However, since the validity of the assumption used in the conversion is not ensured, and there are benefits of both, it is proposed to make both requirements mandatory.
Considering that carrier leakage has been removed from the measurement, it is concluded that the requirement levels have been substantially relaxed. The system impact of this relaxation is severe, and it is therefore proposed to investigate if the levels can be tightened for Rel. 8
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10. Appendix

The relationships in Eq. (3) and Eq. (4) expresses the Relative CDE as a linear function of ECDP, where the value for ECDP = 0 is proportional to the underlying composite EVM. In order to easily convert between composite EVM and the bias of the linear relationship, a few examples have been provided in Table 1.

Table 1 Relationship between bias of linear requirement and underlying assumption of composite EVM.
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12,50% -45,1 -43,1

15,00% -43,6 -41,6

17,50% -42,2 -40,2

20,00% -41,1 -39,1

22,50% -40,0 -38,0

25,00% -39,1 -37,1
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