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1.
Introduction:

The HSDPA Test Models 5 proposed in R4-020823 and R4-021015 were simulated and then degraded by addition of noise and by clipping. The degraded signals were then analyzed to measure Error Vector Magnitude (EVM), Peak Code Domain Error (PCDE) and PCDE margin.

2. The HSDPA signal generators:

We simulated the R4-020823 and R4-021015 HSDPA Test Models 5.

The simulations was exact with the following exceptions:

· The 2 HS-SCCH channels were implemented as DPCH channels.

· Contents of S-CCPCH channel may not be entirely according to specification.

· No time offsets were applied to the HS-PDSCH channels (irrelevant with random data).

· Instead of the 14-stage shift register, all bits were generated by the random number generator function provided by the test language.
2. The HSDPA signal analyzer:

The analyzer uses the stored chip sequence as the reference for EVM and PCDE analysis. The generator produces one frame of data. The analyzer steps through the frame 1 time slot at a time and computes EVM, PCDE and PCDE margin (defined as the difference between PCDE and PCDE expected if the EV were evenly distributed over the spreading codes). The PCDE analysis was done with SF = 256.

3. Simulation results and discussions:
In all the following tables, SNR, PCDE and PCDE margin are expressed in dB. EVM is expressed in percent.

Relationship between EVM and PCDE with AWGN channel

Tables 1and 2 show the relationship between EVM and PCDE margin for AWGN for the two test models. The tables indicate the mean and standard deviations of the values based on measurements over 15 time slots. The mean and standard deviation are separated by a slash. In this test, peak clipping was turned off. The PAR (Peak-To-Average) value at P = .0001 for this signal varies from run-to-run, but is around 9.5 dB for both test models.

	SNR setting
	20
	17.5
	15
	12.5
	10

	EVM %
	9.71/.10
	12.97/.11
	17.29/.26
	23.04/.18
	30.73/.32

	PCDE
	-41.08/.35
	-38.49/.40
	-35.91/.50
	-33.46/.30
	-30.98/.33

	PCDE_margin
	3.26/.34
	3.34/.39
	3.42/.43
	3.37/.29
	3.35/.33


Table 1. PCDE measurements versus SNR for R4-020823 TM5.

	SNR setting
	20
	17.5
	15
	12.5
	10

	EVM %
	9.72/.12
	12.97/.15
	17.27/.29
	23.03/.26
	30.72/.41

	PCDE
	-41.00/.43
	-38.31/.32
	-35.97/.47
	-33.27/.47
	-30.93/.48

	PCDE_margin
	3.33/.43
	3.51/.31
	3.362/.47
	3.57/.43
	3.40/.48


Table 2. PCDE measurements versus SNR for R4-021015 TM5.

Comparing measured PCDE with expected CDE based on the assumption that the CDE would be spread evenly over the channels gives PCDE margin. It can be seen that for an AWGN channel the margin is about 3.3 dB for all EVM results between about 10 % and 30 %. The results for the two test models are essentially identical (the differences are well within the measurement error limits). 

Relationship between EVM and PCDE with clipping channel

The second set of tests measured the relationship between EVM and PCDE for circular clipping applied to the chips prior to filtering. The clipping level (in dB) is specified relative to the mean signal level without clipping. The results are tabulated in Tables 3 and 4. PAR measured after clipping and filtering is included in the tables.

	clip dB above mean
	3.5
	3.0
	2.5
	2.0
	1.5

	PAR(.0001)
	6.9
	6.8
	6.7
	6.5
	6.2

	EVM
	11.66/.39
	13.78/.45
	16.21/.56
	18.50/.68
	21.36/.53

	PCDE
	-39.53/.51
	-38.26/.46
	-36.63/.49
	-35.53/.39
	-34.14/.36

	PCDE margin
	3.23/.46
	3.04/.29
	3.27/.35
	3.21/.37
	3.35/.36


Table 3. PCDE measurements versus clipping for R4-020823 TM5.

	clip dB above mean
	3.5
	3.0
	2.5
	2.0
	1.5

	PAR(.0001)
	6.90
	6.85
	6.73
	6.56
	6.34

	EVM
	11.83/.54
	14.13/.53
	16.54/.51
	18.73/.74
	21.56/.55

	PCDE
	-39.36/.71
	-37.75/.58
	-36.49/.50
	-35.44/.52
	-34.12/.32

	PCDE margin
	3.27/.48
	3.34/.51
	3.22/.47
	3.20/.37
	3.30/.30


Table 4. PCDE measurements versus clipping for R4-021015 TM5.

It can be seen that for a clipping channel the margin is about 3.2 dB for all EVM results between about 12 % and 20 %. The results for the two test models are nearly identical (the differences are within the measurement error limits).

Determination of PCDE level and channel variability

The standard deviations based on 15 repetitions are given for all EVM, PCDE and margin values in the above tables. The standard deviations only occasionally exceed 0.5 dB.

In all of the above tests the channel numbers for the Peak CDE were always different from run-to-run.
3.
Conclusions:

It is shown that for this test model with AWGN and clipping channels, the average PCDE measured at SF = 256 is about 3.3 dB higher than the value expected if the CDE is evenly distributed. The peak channel numbers were always different from run-to-run. The results for the two test models are nearly identical (the differences are within the measurement error limits). These results could be used as a reference for further discussions to finalize the definition of the Test Model 5.
References:

[1]
R4-020823, Motorola, “EVM and PCDE Tests for HSDPA”.
[2] R4-021015, Motorola, “Proposal of Test Model 5”.

2

