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1.
Introduction

Following presentation of R4-093178 [1] at RAN4#52 in Shenzhen, which showed a change in 64QAM demodulation SNR due to imperfect flatness of signal and AWGN, it was agreed that other scenarios should be simulated.

After discussion on the RAN4 e-mail reflector, the simulation scenarios were proposed in [2] and updated in [3]. Three companies kindly provided simulation results, in [4], [5] and [6].
This document gives a collation of the results, and proposes a way forward so that RAN5 can determine the Test Tolerances for the relevant tests.
2.
Results
2.1: Results provided by Huawei in [4]
The results in [4] were provided based on the filter defined in [2]. To align these with the revised filter defined in [3], some results need to be offset as described in the e-mail from Nokia on the RAN4 e-mail reflector, 05-Oct-2009. The relevant extract from the e-mail is given here:
We have identified an error in the filters proposed for the flatness evaluation.

As a background, the total power of the filter taps is currently normalized to unity. This however implies that the gain in the frequency domain, averaged over the whole filter bandwidth, is normalized to unity. This is generally not correct, as the gain averaged over the allocated bandwidth (6, 25, 50, or 100 RB) should be normalized to unity instead and these two averages would be only equal in few specific cases.

The current filters might hence, depending on how the SNR is accounted in the simulator, produce erroneous results for the cases where there is only signal or noise ripple. It is nevertheless important to note that the bug does NOT affect the cases where the ripple is applied to both noise and user signal i.e. constant SNR.

The correct filter coefficients are given below:

[0.0032    0.0012    0.0621    0.9324    0.0621    0.0012    0.0032]

[1.0066         0    0.2280]

[0.9509         0         0         0    0.2154]

[0.9638         0         0         0         0         0         0

0    0.2183]

The impact on the average gain of the signal or noise filter is given below as well, a minus sign implying that the gain was x dB too high in the original filter.

1.4 MHz: -0.57 dB

5 MHz:   +0.27 dB

10 MHz:  -0.22 dB

20 MHz:  -0.10 dB

It might be hence possible either to scale the obtained performance losses of a/b cases with the above coefficients, or re-simulate with the correct filter taps
The table below gives the results from [4], shows the correction to be applied for the a/b cases, and gives aligned results in the final column (turquoise highlight).
Table 2-1: Huawei demodulation performance loss results
	Scenario
	Description
	Propagation model
	AWGN

ripple
	Signal

ripple
	Perform-ance loss [dB]
	Loss correct-ion [dB]
	Perform-ance loss [dB]

	1.4
	1x2 QPSK 1/3 10MHz
	HS-train
	(2.0 dB
	(2.0 dB
	0.5 dB
	0 dB
	0.5 dB

	1.6
	1x2 16QAM 1/2 10MHz
	ETU70
	(2.0 dB
	(2.0 dB
	0.2 dB
	0 dB
	0.2 dB

	1.6a
	1x2 16QAM 1/2 10MHz
	ETU70
	(2.0 dB
	flat
	0.2 dB
	-0.22dB
	0.0 dB

	1.6b
	1x2 16QAM 1/2 10MHz
	ETU70
	flat
	(2.0 dB
	-0.1 dB
	+0.22dB
	+0.1 dB

	1.7
	1x2 16QAM 1/2 10MHz
	ETU300
	(2.0 dB
	(2.0 dB
	0.2 dB
	0 dB
	0.2 dB

	2.1
	1x2 QPSK 1/3 1.4MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0 dB
	0 dB
	0 dB

	2.1a
	1x2 QPSK 1/3 1.4MHz
	EVA5
	(2.0 dB
	flat
	0.5 dB
	-0.57dB
	-0.1 dB

	2.1b
	1x2 QPSK 1/3 1.4MHz
	EVA5
	flat
	(2.0 dB
	-0.5 dB
	+0.57dB
	+0.1 dB

	2.3
	1x2 64QAM 3/4 5MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0.3 dB
	0 dB
	0.3 dB

	2.5
	1x2 64QAM 3/4 20MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0.3 dB
	0 dB
	0.3 dB

	2.5a
	1x2 64QAM 3/4 20MHz
	EVA5
	(2.0 dB
	flat
	0.2dB
	-0.10dB
	0.1dB

	2.5b
	1x2 64QAM 3/4 20MHz
	EVA5
	flat
	(2.0 dB
	0.3 dB
	+0.10dB
	0.4 dB


2.2: Results provided by Nokia in [5]
The results in [5] were provided based on the revised filter defined in [3], and can therefore be used “as is”:
Table 2-2: Nokia demodulation performance loss results
	Scenario
	Description
	Ref. Chan
	Propagation model
	Ant. Corre-lation
	Verification point
	AWGN

ripple
	Signal

ripple
	Perform-ance loss [dB]

	1.4
	1x2 QPSK 1/3 10MHz
	R.2
	HS-train
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0.0

	1.6
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	(2.0 dB
	(2.0 dB
	0.1

	1.6a
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	(2.0 dB
	flat
	-0.2

	1.6b
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	flat
	(2.0 dB
	0.2

	1.7
	1x2 16QAM 1/2 10MHz
	R.3
	ETU300
	high
	70% tp
	(2.0 dB
	(2.0 dB
	0.1

	2.1
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0.0

	2.1a
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	(2.0 dB
	flat
	-0.05

	2.1b
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	flat
	(2.0 dB
	0.0

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0.3

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0.2

	2.5a
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.0 dB
	flat
	-0.05

	2.5b
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	flat
	(2.0 dB
	0.5


2.3: Results provided by Ericsson, ST- Ericsson in [6]
The results in [6] were provided based on the revised filter defined in [3], and can therefore be used “as is”:

Table 2-3: Ericsson, ST- Ericsson demodulation performance loss results
	Scenario
	Description
	Ref. Chan
	Propagation model
	Ant. Corre-lation
	Verification point
	AWGN

ripple
	Signal

ripple
	Perform-ance loss [dB]

	1.4
	1x2 QPSK 1/3 10MHz
	R.2
	HS-train
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	-

	1.6
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	(2.0 dB
	(2.0 dB
	0.2

	1.6a
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	(2.0 dB
	flat
	0

	1.6b
	1x2 16QAM 1/2 10MHz
	R.3
	ETU70
	Low
	30% tp
	flat
	(2.0 dB
	0.1

	1.7
	1x2 16QAM 1/2 10MHz
	R.3
	ETU300
	high
	70% tp
	(2.0 dB
	(2.0 dB
	0.3

	2.1
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0

	2.1a
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	(2.0 dB
	flat
	-0.3

	2.1b
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	flat
	(2.0 dB
	0.3

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0.2

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.0 dB
	(2.0 dB
	0.3

	2.5a
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	(2.0 dB
	flat
	0

	2.5b
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	flat
	(2.0 dB
	0.4

	Note 1: Where both AWGN and signal are shown with ripple, both are passed through the same filter and therefore track. Where only AWGN or signal is shown with ripple, it is passed through the filter and the other is flat. 

Note 2: Reference Channels, Propagation models and correlation are defined in 36.101

Note 3: Original unmodified demodulation scenarios “x.y” were defined in R4-090188.


2.4: Collated results
The aligned results from all 3 simulations are shown in Table 2-4 below:

Table 2-4: Collated demodulation performance loss results
	Key scenario parameters
	Performance loss

	Scenario
	Description
	Propagation model
	AWGN

ripple
	Signal

ripple
	Huawei
	Nokia
	Ericsson
	Largest

	1.4
	1x2 QPSK 1/3 10MHz
	HS-train
	(2.0 dB
	(2.0 dB
	0.5 dB
	0.0 dB
	-
	0.5 dB

	1.6
	1x2 16QAM 1/2 10MHz
	ETU70
	(2.0 dB
	(2.0 dB
	0.2 dB
	0.1 dB
	0.2 dB
	0.2 dB

	1.6a
	1x2 16QAM 1/2 10MHz
	ETU70
	(2.0 dB
	flat
	0.0 dB
	-0.2 dB
	0 dB
	0.0 dB

	1.6b
	1x2 16QAM 1/2 10MHz
	ETU70
	flat
	(2.0 dB
	+0.1 dB
	0.2 dB
	0.1 dB
	0.2 dB

	1.7
	1x2 16QAM 1/2 10MHz
	ETU300
	(2.0 dB
	(2.0 dB
	0.2 dB
	0.1 dB
	0.3 dB
	0.3 dB

	2.1
	1x2 QPSK 1/3 1.4MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0 dB
	0.0 dB
	0 dB
	0 dB

	2.1a
	1x2 QPSK 1/3 1.4MHz
	EVA5
	(2.0 dB
	flat
	-0.1 dB
	-0.05 dB
	-0.3 dB
	0 dB

	2.1b
	1x2 QPSK 1/3 1.4MHz
	EVA5
	flat
	(2.0 dB
	+0.1 dB
	0.0 dB
	0.3 dB
	0.3 dB

	2.3
	1x2 64QAM 3/4 5MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0.3 dB
	0.3 dB
	0.2 dB
	0.3 dB

	2.5
	1x2 64QAM 3/4 20MHz
	EVA5
	(2.0 dB
	(2.0 dB
	0.3 dB
	0.2 dB
	0.3 dB
	0.3 dB

	2.5a
	1x2 64QAM 3/4 20MHz
	EVA5
	(2.0 dB
	flat
	0.1dB
	-0.05 dB
	0 dB
	0.0dB

	2.5b
	1x2 64QAM 3/4 20MHz
	EVA5
	flat
	(2.0 dB
	0.4 dB
	0.5 dB
	0.4 dB
	0.5 dB


3. Analysis of results
The following conclusions can be drawn from the analysis of results:

· The results show a performance loss of up to 0.5dB

· In a few cases, the results show a performance gain of up to 0.3dB

· There seems to be no clear correlation of performance loss to modulation order, propagation model, or channel bandwidth.

· Applying the ripple to AWGN only, or to signal only, does not in general appear to give significantly worse results than applying the ripple to both AWGN and signal.
The largest sensitivity factor seen, being the ratio (effect on the test result in dB) / (size of test equipment uncertainty in dB) is (0.5dB/2dB) = 0.25. For simplicity, we propose to use this value for all scenarios given here.
It is reasonable to assume that the uncertainty due to ripple will be uncorrelated to the other uncertainties applicable to performance tests, which are generally gain uncertainties. Following the normal root-sum-square treatment of uncorrelated uncertainties in RAN5, we may note that allowing an extra uncertainty of ±0.5dB due to ripple would increase the Test Tolerance in faded cases from 0.6dB to 0.8dB.
4. Recommendations

· Make an uncertainty allowance of ±0.5dB for the effect of ±2dB AWGN flatness and signal flatness, to be applied to all applicable scenarios.  
· Send the LS [7] to RAN5, giving guidance on the sensitivity factor (0.5dB/2dB = 0.25), which would give an additional ±0.5dB uncertainty allowance to be made for AWGN flatness and signal flatness.
· There is no need to separately specify signal-to-noise ratio variation for any resource block, relative to average over downlink transmission Bandwidth, for the tests under consideration here.
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