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1. Introduction

During discussions on the requirements for DL 64QAM the subject of modulation accuracy has been discussed including [1] to [4[In this meeting. A key aspect of the debate is the extent to which composite EVM vs. Relative Code Domain Error (Code EVM) should be used to set the minimum requirements. This contribution supplies some empirical measurement results to complement the theoretical analysis and simulations already provided.
2. Analysis of complex signal
It can reasonably be concluded that in the limit case, where the modulation error energy is evenly distributed across the active codes in the code domain, and code powers are equal, the quality of a signal can reasonably be described either in terms of its composite EVM or in terms of the RCDE, which will be constant for all codes. Reference [3] shows an example of such a signal using four codes. Furthermore, [4] extends the analysis for a more complex 44-code signal (TM6) which occupies most of the code domain and incorporates code powers varying from -11dB to -25 dB and spreading factors from 256 to 16. This simulation shows a close correlation between the power-weighted RCDE and the composite EVM, suggesting that either metric would be capable of describing the signal.
An empirical example of a similar signal (TM5) is shown in the figures below. Figure 1 shows the ideal signal in the code domain. A marker on C4(4) shows a CDP of -10.85 dB, CDE of -51.59 dB giving an RCDE of 40.74 dB. If this quality were maintained across the signal it would predict a composite EVM of 0.92%.
[image: image1.png]H-CDMA with HSDPA/HSUPA

BTS Ch Freq 1.00000 GHz Completed Src:Input
Code Domain 36PP

Marker 143.000

Ref 0.00 dB Code Domain Powepir #1: C4(4) 248ksps

18.%@7@? -10.85dB CDE_-51.594B f

dB/

o Spread Code 511
Slot# Scramble Code(pri) @ Scramble Code(ofs) 8
Ref 0.80 dB Code Domain Error

16.6¢
dB/

0 Spread Code
Slot#@

Marker
Select,
2 3 4

Normal

Delta

Function,|

Off!

Trace
Code Domainy,
Poner




.

Figure 1. Undistorted TM5 with 8 16QAM HS-PDSCH
Figure 2 shows the composite EVM as being 1.11% - which is very close to the figure predicted by measuring the RCDE of one code representing only 1/16th of the domain.
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Figure 2. Composite EVM of undistorted TM5 with 8 HS-PDSCH
This suggests that the error distribution in the signal is flat across the code domain. Figure 3 shows an alternative view of the CDE projected at SF 256.
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Figure 3. Undistorted TM5 with 8 HS-PDSCH projected at SF=256
The CDE in Figure 3 clearly shows a very even distribution of the error across the code domain and hence the close relationship between RCDE and composite EVM.

Figure 4 shows the same signal in the code domain with 50% │i + jq │clipping applied prior to the RRC filter.
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Figure 4. TM5 with 50% clipping
The marker on C4(4) shows -11.46 dB CDP and -23.66 dB CDE giving an RCDE of 12.2 dB. This predicts a composite signal quality of 24.5%. Figure 5 shows the clipped composite signal and EVM which measures 26.5%, very close to the figure predicted by the single code.
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Figure 5. TM5 with 50% clipping showing 26.5% EVM
The fact that the C4(4) code quality predicted the composite signal quality again suggests a flat error distribution. Figure 6 shows the CDE projected at SF=256.
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Figure 6. TM5 with 50% clipping showing flat CDE 
As expected, the CDE is very flat, even more so than in the undistorted case. The final view of the clipped signal is in figure 7 which shows the despread C4(4) code with a code EVM of 23.67%, consistent with the RCDE of 12.2 dB seen earlier.
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Figure 7. TM5 with 50% clipping showing 23.67% Code EVM
The consequence of the clipping on the 16QAM constellation can clearly be seen and this signal is likely to have decode errors.

The results so far confirm the simulation in [4] that the RCDE correlates well with the composite EVM when the code domain is full.
3. Analysis of four-code signal with constant CDP
Next we will analyze the 4 code signal simulated in [3]. Figure 8 shows the code domain view of the signal with no clipping.
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Figure 8. C6(9), C6(25), C6(32) and C6(48) no clipping

Without clipping this has very low 0.38% EVM. The same signal with clipping is shown in figure 9. A lower level of clipping of 75% was applied due to the lower starting PAR of this signal.
[image: image9.png]H-CDMA with HSDPA/HSUPA Advanced

Active Set Th
BTS Ch Freq 1.00000 GHz Completed Src:Input -10.09 dB;

Code Domain 36pP I Auto Han

Active ID Threshold Level -10.00 dB RRC Filter

Ref 0.00 dB I Code Domain Powerykr #1: C6(9) 60ksps N Off]
10.00] CDP  -6.80dB CDE ~19.60d5 ]

L
a8/ Filter Alpha
]

Chip Rate

Spread Code 6000 1

0 511
Slot#8 Scramble Code(pri) @ Scramble Code(ofs) 8

Ref 0.00 dB Code Domain Error
10.00]

dB/ | |

Spread Code 255

ADC Range,

HNone’

0
Slot#8
Prototype Instrument - Not For Sale





Figure 9. C6(9), C6(25), C6(32) and C6(48) with 75% clipping
Figure 10 shows the same signal with an RCDE of 14.4 dB (20.22 - 6.02). This predicts a code EVM of 19.5% which is measured as 19.43%.
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Figure 10. C6(9) code EVM and constellation
It is also clear from Figure 9 that almost all the error energy projects onto the active codes and the general CDE noise floor of the unclipped and clipped signals remains constant at approximately -65 dB. This is consistent with the simulation in [3] and shows that for this type of signal the RCDE is again a good predictor of the composite EVM.
4. Analysis of four-code signal with non-constant CDP
A signal of the type in [3] can be further modified to demonstrate the impact of non-constant CDP. Consider any four-code signal Cn(a),Cn(b), Cn(c), Cn(d) of the type used above where the exclusive or of the codes = 0, i.e. where all error energy falls back on the active codes. In such a signal it can be shown mathematically that the main component of the error projecting onto any one code is a product of the third order distortion co-efficient and the other three codes. Figure 11 shows an example using  C6(9), C6(17) and C6(41) which creates a single spur at C6(48). Adding C6(48) into this signal would generate similar level spurs on C6(9), C6(17) and C6(41). Thus it can be seen that there is no strong relationship between the CDP of any code and the error projecting onto that code generated by the other three codes.
In the signal simulated in [3] the CDP of the four codes was the same as was the RCDE of each code leading to the conclusion that the composite EVM and power-weighted RCDE are closely linked and largely interchangeable. But consider in figure 11 what happens if C6(48) is added back into the signal e.g. at 10dB below the other codes.
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Figure 11. Three-code signal showing code spur at C6(48)

It can be easily concluded that as the CDP of C6(48) is reduced, its RCDE will reduce accordingly, and at some point become negative i.e. EVM will exceed 100% and yet the composite EVM will be reducing. Thus in such circumstances where CDP varies widely, predicting individual code performance from composite EVM is not reliable.
Figure 12 shows the alternative four-code signal used in [3] where the upper code is reduced to C6(47).
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Figure 12. C6(9), C6(25), C6(32) and C6(47) with 75% clipping
This example clearly shows how the code spurs can fall on unused codes. Integrating the power on the green code spurs to match the SF of the active codes (6 dB increase SF 256 -> SF 64) would show that much of the spur energy is falling on unused codes. This example is the extreme case where when the code spur distribution is not known, it is not reliable to base active code quality on a composite measure.
5. Analysis of multi-code signal with two HS-PDSCH

Finally, we look at a more realistic signal representing a more lightly loaded cell with eight DPCH and two HS-PDSCH. The clipped version of this is given in Figure 13.
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Figure 13. TM5 with two HS-PDSCH and no clipping
If we look at this signal at SF=256 in Figure 14  we see a very flat CDE distribution.
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Figure 14. TM5 with two HS-PDSCH and no clipping projected @ SF=256
If we then clip this signal and look again into the CDE distribution we get Figure 15.
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Figure 15. TM5 with two HS-PDSCH and 75% clipping projected @ SF=256
It can be seen from Figure 15 that the CDE distribution is no longer flat as was the case with the 8 HS-PDSCH. But it is also not at the other extreme as with the four code case. The variation in distribution has changed from about 3 dB to near 10 dB. This difference represents an opportunity to shape the error and allow the signal to be operated at a higher composite EVM without compromising the more important RCDE of the active codes. This spur dodging opportunity rises as the cell loading decreases.
6. Conclusion

This contribution has shown that the distribution of CDE can vary from almost flat when using signals with a full code domain allocation to very nonlinear when using sparse signals. Signals which are somewhere in between therefore show some non linearity in the error distribution. When the distribution is not linear it is not safe to conclude individual code quality from the composite error and in the general case when specifying signal quality it is safer to define this in the code domain rather than at the composite level. Special cases clearly exist where fully loaded signals of known CDP can be defined using a composite measure but to understand the consequence on specific codes it is still necessary to know the individual CDP. By specifying RCDE directly it is not necessary to define the CDP in the form of a test model or rely on the even distribution of errors in the code domain.
By specifying RCDE directly, this leaves open freedom in how the signal is generated, particularly in the case where the Node B is lightly loaded as may be the case in a small cell or Home Node B. This could have advantages in power amplifier design etc. Specifying performance only with composite EVM would remove this freedom.
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