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1 Introduction
In the previous RAN WG1 meeting, the need for HS-DSCH traffic-to-pilot-ratio (TPR) signaling on DSCCH was discussed; no conclusion could be reached. In this document we analyze the theoretical and simulated performance of energy estimators that could be implemented in the UE. We also analyze the effect of imperfect traffic-to-pilot-ratio (TPR) estimation on M-QAM demodulation.

2 Notation

The doppler corrected and de-spread signal at the FHT I/P can be written as:
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We also note the following:
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3 Ect/Io Estimator
After Walsh de-covering of a single code over N chips (SF=N=16), the FHT O/P signal becomes:
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The statistics of the FHT O/P signal energy for a single code can be computed as follows.
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Accumulating the energy non-coherently over P codes, followed by M non-coherent accumulations during the estimation interval, we get:
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Therefore, the estimator statistics can be written as:
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Note that the estimator is biased with an Nt/Io component, which needs to be eliminated with the Nt/Io estimator O/P.

For a theoretical performance analysis of this estimator, we will assume that a perfect estimate of Nt/Io is available.

Figures 1 and 2 show the theoretical performance of the estimator at Nt/Io = -6 and -9 dB. The parameter M was chosen to be 160. This implies that the estimation interval is the first slot of a TTI. The number of codes (P) was chosen to be 4. It is seen that the 1-sigma estimate is within +/-0.5 dB.

[image: image7.wmf]
Figure 1
Ect/Io Estimator – Nt/Io = -9 dB – Theoretical performance

4 Nt/Io Estimator

The Nt/Io estimator, shown in Figure 3, implements a high-pass filter over the pilot signal with L coherent accumulations of 256 chips, followed by M non-coherent accumulations. The statistics can be summarized as follows.
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We will choose L=2, and M=(5,10) for (1,2) slot estimation interval. The theoretical performance is shown in Figures 4 and 5. 
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Figure 2
Ect/Io Estimator – Nt/Io = -6 dB – Theoretical performance


[image: image10.wmf] 

Low Pass

 

Filter (L)

 

L

 

Sum

 

+

 

-

 

X

 

Pilot

 

Nt/Io

 


Figure 3

Nt/Io Estimator

[image: image11.wmf]
Figure 4
Nt/Io Estimator – 1-slot

[image: image12.wmf]
Figure 5
Nt/Io Estimator – 2-slots

It is seen that when M=5, the 1-sigma estimation error is very large (in excess of +/- 2 dB in some instances). When M=10, the 1-sigma estimation error is within +/- 1.5 dB. We will assume M=10 from now onwards. However, a 2-slot estimation interval is an issue for high-speed terminals.

5 Ecp/Io Estimator

The Ecp/Io estimator is similar to the Ect/Io estimator with L coherent accumulations over N chips, followed by M non-coherent accumulations. Its statistics are summarized as follows.
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We will assume L=80 and M=2. Figures 6 and 7 outline the estimator performance, assuming a perfect estimate of Nt/Io. It is seen that the 1-sigma estimate is within +/- 0.5 dB.

[image: image14.wmf]
Figure 6
Ecp/Io Estimator – Nt/Io = -9 dB – Theoretical performance

[image: image15.wmf]
Figure 7
Ecp/Io Estimator – Nt/Io = -6 dB – Theoretical performance

6 Simulations

We simulated the Ect/Io, Nt/Io and Ecp/Io estimators, and computed the statistics. Therefore, the O/P of the Nt/Io estimator is used to compute the Ect/Io and Ecp/Io estimate, and the TPR estimate. Figures 8-13 show the results.

It is seen that the TPR estimation error is a function of TPR and Nt/Io. 

At Nt/Io = -9 dB and TPR = -3 dB, the 1-sigma estimation error is within +/- 0.7 dB. However, when TPR = -9 dB, the 1-sigma estimation error increases to +/- 1 dB.

Similarly, at Nt/Io = -6 dB and TPR = -3 dB, the 1-sigma estimation error is within +/- 1.1 dB. However, when TPR = -9 dB, the 1-sigma estimation error increases to +/- 2 dB.

[image: image16.wmf]
Figure 8
Ect/Io Estimator – Nt/Io = -9 dB – Simulated
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Figure 9
Ecp/Io Estimator – Nt/Io = -9 dB – Simulated
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Figure 10
Traffic-to-Pilot-Ratio – Nt/Io = -9 dB – Simulated
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Figure 11
Ect/Io Estimator –Nt/Io = -6 dB – Simulated
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Figure 12
Ecp/Io Estimator – Nt/Io = -6 dB – Simulated

[image: image21.wmf]
Figure 13
Traffic-to-Pilot-Ratio – Nt/Io = -6 dB - Simulated

7 M-QAM Demodulation

Figures 14 and 15 show the effect of a constant bias in the TPR estimate on 16-QAM and 64-QAM demodulation respectively.

For 16-QAM, a 10% amplitude error (TPR error = +/- 0.9 dB) leads to 0.25 dB loss in 
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, while a 20% amplitude error (TPR error = +/- 1.7 dB) leads to 1.2 dB loss in 
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. From figures 10 and 13, we conclude that 16-QAM demodulation is robust with respect to the energy estimators designed in sections 3, 4 and 5.

For 64-QAM, a 5% amplitude error (TPR error = +/- 0.45 dB) leads to 0.3 dB loss in 
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 , while a 10% amplitude error (TPR error = +/- 0.9 dB) leads to 1.5 dB loss in 
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. From figures 10 and 13, we conclude that 64-QAM demodulation is not robust with respect to the energy estimators designed in sections 3, 4 and 5. The loss in 
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 would be of the order of 1.5 dB.

8 Conclusions

Reception of 16-QAM modulated data without a priori code power information does not lead to significant performance degradation and is therefore feasible.

Reception of 64-QAM modulated data without a priori code power information results in noticeable degradation. Support of 64-QAM would therefore require explicit code power signaling on the associated control channel.
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Figure 14
16-QAM demodulation
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Figure 15
64-QAM demodulation
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