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1. Introduction

It was agreed in the UE demodulation and CSI Ad-Hoc at RAN4#52 meeting [1] that RAN4 should carry out an evaluation of the impact of the signal and noise flatness on the demodulation performance requirements and CSI performance requirements. The test scenarios of UE demodulation performance for the flatness evaluation were provided by [2]. At RAN4#57 in Jacksonville, R4-104910 [3] listed the final set of scenarios and demodulation performance loss results from different companies. 
The agreed filter tap-coefficients for UE demodulation performance requirements are presented in [4] [5]. As for CSI performance requirements, we re-use the same filter tap-coefficients. In this contribution, we select test scenarios for CSI requirement according to [3] and provide the simulation results in different scenarios to evaluate the impact of the signal and noise flatness on the CSI test tolerance.
2. Filter tap-coefficients and CSI test scenarios
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. As for CSI test tolerance, we re-use the same FIR filter designs as UE demodulation performance tests to simulate the effect of AWGN and signal flatness and observe the impact on the performance in CSI test scenarios. The taps of the filters in [4] [5] are set as follows:

Table 1- Filter taps
	Bandwidth
	h(0)
	h(1)
	h(2)
	h(3)
	h(4)
	h(5)
	h(6)
	h(7)
	h(8)

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


The properties of these filters are 

Table 2 - Filter properties
	Bandwidth
	Maximumripple
	RB to RB difference

	10 MHz
	4.0 dB
	0.58 dB


where the maximum ripple is 4dB between the minimum and maximum gain within the configured bandwidth and the difference is the maximum difference between two adjacent resource blocks. 
The CSI test scenarios are set up according to according to [3]. The following scenarios are hence considered:

Table 3 - Simulation scenarios
	 
	 
	 
	 

	Scenario
	Description
	Propagation model
	Verification Point

	9.3.1 test_1
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	9 dB

	9.3.1 test_2
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	14 dB

	9.3.2 test_1
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	6 dB

	9.3.2 test_2
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	13 dB

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)

	
	
	
	-1 dB (rest)

	Scenario
	Description
	Propagation model
	Verification Point

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding

	Scenario
	Description
	Propagation model
	Verification Point

	9.5.1 test_1
	2x2 PUCCH 1-1 RI reporting
	EPA5
	0 dB low

	9.5.1 test_2
	2x2 PUCCH 1-1 RI reporting
	EPA5
	20 dB low

	9.5.1 test_3
	2x2 PUCCH 1-1 RI reporting
	EPA5
	20 dB high


3. Simulation results 
The simulation results with the effect of AWGN and signal flatness are summarized in the table below:
	 
	 
	Requirement without ripple
	   Requirement loss / difference with AWGN / Signal ripple

	Scenario
	Verification
Point
	CQI Spread
	T-put Ratio
	BLER
	AWGN ripple
	Signal ripple
	Spread Dff.
	T-put Ratio Change
	BLER Diff.

	9.3.1 test_1
	9 dB
	Alpha：4.2%

Beta： 5.5%
	1.8451
	0.2412
	2.0 dB
	2.0 dB
	Alpha：1.2%
Beta：-6.7%
	0.0938
	-0.0258

	9.3.1 test_2
	14 dB
	Alpha：8.3%

Beta：9.0%
	1.8332
	0.187
	2.0 dB
	Flat
	Alpha：0.1%
Beta：0%
	0.0132
	-0.0002

	9.3.1 test_2
	14 dB
	Alpha：8.3%

Beta： 9.0%
	1.8332
	0.187
	Flat
	2.0 dB
	Alpha：-0.1%
Beta：-1.5%
	-0.0219
	-0.0062

	9.3.2 test_1
	6 dB
	Alpha：56.6%
	1.1628
	0.1852
	2.0 dB
	Flat
	Alpha：0.0%
	-0.0032
	0.0064

	9.3.2 test_1
	6 dB
	Alpha：56.6%
	1.1628
	0.1852
	Flat
	2.0 dB
	Alpha：0.6%
	0.0326
	-0.0102

	9.3.2 test_2
	13 dB
	Alpha：61.7%
	1.3139
	0.289
	2.0 dB
	2.0 dB
	Alpha：-1.2%
	0.0344
	-0.0814

	9.3.3 test_1
	8 dB (1st SB)
	Alpha：97%
	2.1014
	n/a
	2.0 dB
	Flat
	Alpha：0%
	0.0544
	n/a

	
	-1 dB (rest)
	
	
	
	
	
	
	
	

	9.3.3 test_1
	8 dB (1st SB)
	Alpha：97%
	2.1014
	n/a
	Flat
	2.0 dB
	Alpha：-2.1%
	-0.1504
	n/a

	
	-1 dB (rest)
	
	
	
	
	
	
	
	

	9.3.3 test_1
	8 dB (1st SB)
	Alpha：97%
	2.1014
	n/a
	2.0 dB
	2.0 dB
	Alpha：-2.2%
	-0.003
	n/a

	
	-1 dB (rest)
	
	
	
	
	
	
	
	

	Scenario
	Verification Point
	CQI Spread(%)
	T-put Ratio
	BLER
	AWGN ripple
	Signal ripple
	Spread Dff.
	T-put Ratio Change
	BLER Diff.

	9.4.1
	60% of max throughput using random precoding
	n/a
	1.3177
	n/a
	2.0 dB
	Flat
	n/a
	-0.003
	n/a

	9.4.1
	60% of max throughput using random precoding
	n/a
	1.3177
	n/a
	Flat
	2.0 dB
	n/a
	0.0067
	n/a

	9.4.1
	60% of max throughput using random precoding
	n/a
	1.3177
	n/a
	2.0 dB
	2.0 dB
	n/a
	0.0048
	n/a

	Scenario
	Verification Point
	CQI Spread(%)
	T-put Ratio
	BLER
	AWGN ripple
	Signal ripple
	Spread Dff.
	T-put Ratio Change
	BLER Diff.

	9.5.1 test_1
	0 dB low
	n/a
	1.2795
	n/a
	2.0 dB
	Flat
	n/a
	-0.0073
	n/a

	9.5.1 test_2
	20 dB low
	n/a
	1.094
	n/a
	Flat
	2.0 dB
	n/a
	0.035
	n/a

	9.5.1 test_3
	20 dB high
	n/a
	1.4415
	n/a
	2.0 dB
	2.0 dB
	n/a
	-0.0285
	n/a


4. Conclusions

In this contribution, we have shown the impact of the non-uniform signal and noise flatness on the CSI performance requirements. Based on the simulation results, there is no noticeable performance loss in CQI reporting，PMI reporting and RI reporting. 
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