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1. Introduction

There have been various contributions [1] through [6] recently on defining relative code domain error for E-DCH. During discussions at this meeting the issue of how to evaluate the error for BPSK signals has arisen and it appears there are two different ways in which this could be done. It is not clear at this stage if the current definition of EVM, elaborated in Annex B of 34.121 is explicit or not.
The reason this issue is important is that it may change the assumptions used during the analysis of the minimum requirements for relative code domain error. In the simple Gaussian noise case this issue shifts the definition of performance by 3 dB. In the more common non-Gaussian noise cases the difference in definition could be much larger risking the specification of minimum requirements that could be inappropriate for the required performance.
2. Discussion

Consider the following BPSK signal which represents an isolated code on the Q branch with no signal on the I branch on this spreading code:

When represented in the complex domain there are two ways in which the error of the signal relative to the ideal symbol constellation can be evaluated.
· The complex rms error between the symbols and their ideal constellation points

· The Q-plane rms error between the symbols and their ideal constellation points

For this particular constellation the result would probably not be that different.

But if the noise is not Gaussian in nature we may have a constellation such as this:


For this constellation it is clear that the complex evaluation of relative code domain error will be much larger than the error evaluated only in the Q plane.

The question therefore is which definition makes more sense since in any practical uplink signal there is going to be a lot of leakage between I and Q branches of the same spreading codes and the above non-Gaussian noise distribution is an expected error.

Consider now the more likely case where signals exist on both the I and Q planes for the same spreading code. E.g. DPDCH on I and HS-DPCCH on Q giving a dual BPSK consteallation.

It is a requirement to independently measure the relative code domain error of both the DPDCH and HS-DPCCH. Since the symbol data of the DPDCH and HS-DPCCH are uncorrelated and the spreading factors are probably also different it is clear that the constellation points in each quadrant are the sum of the symbol energy for each channel. It would be possible to compute the rms relative code domain error for the dual BPSK (QPSK) constellation at one spreading code but this would provide a single composite answer for both DPDCH and HS-DPDCH. From this particular constellation it can be seen that noise on the Q plane is less than the noise on the I plane. This is a familiar error mechanism likely caused by an IQ quadrature error causing the higher power HS-DPCCH energy to project onto the DPDCH I plane. 

In order to measure the relative code domain error of the DPDCH and HS-DPDCH independently, and for that matter to demodulate the codes themselves, it is necessary to consider only the energy that falls on the plane correlated with the code. Thus for the HS-DPCCH we would get:

From this projection it is clear that the relative code domain error for the HS-DPCCH is much lower than that for the DPDCH. This is an important result and indicates that in order to differentiate the errors for codes in the I and Q planes it is necessary to evaluate the error only in the plane relevant to that code. This also is the natural way in which a demodulator would work since it is impossible to demodulate I from Q without discarding the energy in the unwanted plane. When discarding the unwanted code the noise correlating with that code is also discarded.
3. Conclusion
The evaluation of BPSK relative code domain error needs to be clarified. For signals containing both I and Q codes it appears that the relative code domain error can only be evaluated by considering the energy which correlates with the I or Q branch of interest. This makes the evaluation a linear rather than complex operation.

For isolated I or Q codes it is possible to evaluate in the linear or complex domains. This will give two different results which is undesirable and one option should be chosen. Since the linear method has to be used for dual BPSK it is suggested this is the default for single branch codes as well. Otherwise, the measurement definition and hence result of an isolated code would change when adding a second perfect code and this does not sound reliable. The 34.121 annexes should be checked for consistency with this assumption.

In addition, the consequence for the dual BPSK method of linear relative code domain error evaluation needs to be checked against the analysis of the minimum requirements for relative code domain error in [1] and [2] since the N0 which exists in the channel is not the same as the N0 when evaluating the Es/N0 at the symbol level, the latter N0 having been converted from the complex to linear domain. In the simple Gaussian case this could introduce an error of 3dB in the analysis of the impact of relative code domain error on the link budget.
Since this issue only came up on the second last day of the meeting it is proposed to resolve it at the next meeting.
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