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1. Introduction
It was shown in ‎[1] that the AWGN and signal uncertainty values proposed in ‎[2] would have a noticeable impact on the UE demodulation performance of the 64QAM scenarios. However, the filter applied in ‎[1] resulted to a larger deviation of the noise and signal flatness than would be permitted by the current RAN5 working assumption contained in ‎[2].
It was furthermore agreed in the UE demodulation and CSI Ad-Hoc of the RAN4#52 meeting ‎[3] that RAN4 should carry out an evaluation of the impact of the signal and noise flatness on the demodulation and CSI requirements. RAN5 would then continue with the information provided by RAN4 and define suitable test tolerances.
Simulation parameters for the flatness evaluation were provided in the RAN4 reflector by Anritsu ‎[4]. A correction of the filter coefficients was later provided by Nokia ‎[5].
In this contribution, we provide simulation results according to the agreed setup and give some recommendation on the way forward. 
2. Simulation setup
The simulations are set up according to the parameters defined in ‎[4]. The following 12 scenarios are hence considered:
Table 1 - Simulation scenarios
	Scenario
	Description
	Ref. Chan
	Propagation model
	Ant. Corre-lation
	Verification point
	AWGN

ripple
	Signal

ripple

	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

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

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

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

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

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

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

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

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

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

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


The test equipment imperfections are modeled by feeding either the AWGN noise or the user signal, or both, through a normalized FIR filter with a sinusoidal-kind-of frequency response. The taps of the filters are set as follows, assuming symbol-spaced sampling. Note that the filters account the correction on the power normalization provided in ‎[5].
Table 2 - Filter taps
	Bandwidth
	h(0)
	h(1)
	h(2)
	h(3)
	h(4)
	h(5)
	h(6)
	h(7)
	h(8)

	1.4 MHz
	0.0032
	0.0012
	0.0621
	0.9324
	0.0621
	0.0012
	0.0032
	n/a
	n/a

	5 MHz
	1.0066
	0
	0.2280
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	10 MHz
	0.9509
	0
	0
	0
	0.2154
	n/a
	n/a
	n/a
	n/a

	20 MHz
	0.9638
	0
	0
	0
	0
	0
	0
	0
	0.2183


The properties of these filters are 

Table 3 - Filter properties
	Bandwidth
	Maximumripple
	RB to RB difference

	1.4 MHz
	1.4 dB
	0.59 dB

	5 MHz
	4.0 dB
	0.58 dB

	10 MHz
	4.0 dB
	0.58 dB

	20 MHz
	4.0 dB
	0.58 dB


where the maximum ripple is the difference between the minimum and maximum gain within the configured bandwidth and the RB to RB difference is the maximum gain difference between two adjacent resource blocks
The ripple is hence set to the maximum value allowed in ‎[2] (+/-2 dB), except for the 1.4 MHz bandwidth where the maximum ripple cannot be reached due to the limitation for the RB to RB gain difference. The maximum gain difference is slightly higher than what is allowed in ‎[2] (0.5 dB).
The frequency responses of the filters are shown in Annex A.
3. Simulation results

The simulation results are summarized in the table below:
	Table 4 - Simulation 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


The following observations can be made based on these results:

· There is no significant performance loss in QPSK modulated scenarios.
· There is up to 0.2 dB performance loss in 16QAM scenarios. The worst-case situation occurs when the ripple is applied to the signal component only.
· There is up to 0.5 dB performance loss in 64QAM scenarios. As with 16 QAM, the worst-case situation occurs when the ripple is applied to the signal component only.
4. Conclusions

We have shown in this contribution the impact of the non-uniform signal and noise flatness on the UE demodulation performance. Based on the simulation results, no extra test tolerances seem to be needed for the QPSK modulated scenarios. For 16QAM and 64QAM modulated scenarios, the following extra tolerances could be considered:
· 0.2 dB for 16QAM

· 0.5 dB for 64QAM
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Annex A – Frequency responses of the applied filters
[image: image1.png]



[image: image2.png]2 3 4 5 6 7 8 9 10 11 12 18 14 15 16 17 18 19 20 21 22 23 24 25




[image: image3.png]1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49




[image: image4.png]1.5

0.5

-15

1 5 9 18 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 8 89 93 97




Gain [dB]





Resource block





Resource block





Gain [dB]





5 MHz bandwidth





Gain [dB]





Resource block





1.4 MHz bandwidth





Gain [dB]





Resource block





10 MHz bandwidth











20 MHz bandwidth








