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1
Introduction
During the last RAN4 meeting in Jacksonville, urgent LS is received from RAN5 requesting simulation study of AWGN and signal flatness impact to CSI performance requirements [1]. Based on a similar study previously done in RAN4 for UE demodulation requirements, an evaluation framework [2] for CSI performance requirements outlining study approach, work plan, and selection of scenarios is approved in RAN4.

In this contribution, we provide our simulation results according to the guideline and selected test scenarios [2]. In addition, discussion of results analysis and deriving test limits for RAN5 are also provided in Section 3.
2
Simulation results
	 
	 
	 
	 
	 
	 
	Loss / Difference

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

	9.3.1 test_1
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	9 dB
	2.0 dB
	2.0 dB
	Alpha: 0.36%
Beta: 0.36%
	0.01
	0.007

	9.3.1 test_2
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	14 dB
	2.0 dB
	Flat
	Alpha: 2.0%

Beta: 7.2%
	0.05
	0.05

	9.3.1 test_2
	1x2 PUSCH 3-0 frequency selective scheduling
	2-tap full
	14 dB
	Flat
	2.0 dB
	Alpha: 3.24%

Beta: 1.04%
	0.05
	0.05

	9.3.2 test_1
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	6 dB
	2.0 dB
	Flat
	0.2%
	0
	0.05

	9.3.2 test_1
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	6 dB
	Flat
	2.0 dB
	2.25%
	0.02
	0.006

	9.3.2 test_2
	1x2 PUCCH 1-0 frequency non-selective scheduling
	EPA5 high
	12 dB
	2.0 dB
	2.0 dB
	0.06%
	0.03
	0.019

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	2.0 dB
	Flat
	6.4%
	0.07
	n/a

	
	
	
	-1 dB (rest)
	
	
	
	
	

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	Flat
	2.0 dB
	3.64%
	0.2
	n/a

	
	
	
	-1 dB (rest)
	
	
	
	
	

	9.3.3 test_1
	1x2 PUSCH 3-0 frequency selective interference
	2-tap full
	8 dB (1st SB)
	2.0 dB
	2.0 dB
	0.44%
	0.21
	n/a

	
	
	
	-1 dB (rest)
	
	
	
	
	

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

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding
	2.0 dB
	Flat
	n/a
	0.01
	n/a

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding
	Flat
	2.0 dB
	n/a
	0
	n/a

	9.4.1
	2x2 PUSCH 3-1 Single PMI
	EVA5 low
	60% of max throughput using random precoding
	2.0 dB
	2.0 dB
	n/a
	0
	n/a

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

	9.5.1 test_1
	2x2 PUCCH 1-1 RI reporting
	EPA5
	0 dB low
	2.0 dB
	Flat
	n/a
	0.04
	n/a

	9.5.1 test_2
	2x2 PUCCH 1-1 RI reporting
	EPA5
	20 dB low
	Flat
	2.0 dB
	n/a
	0.02
	n/a

	9.5.1 test_3
	2x2 PUCCH 1-1 RI reporting
	EPA5
	20 dB high
	2.0 dB
	2.0 dB
	n/a
	0.01
	n/a


Note that, the above results are the same provided in the results collection spreadsheet [3].

3
Discussion of results analysis and new test limits
Based on the above results, a numerical analysis deriving new test limits is provided in the attached spreadsheet. Analysis outcome (new test limits) is summarised in the following.
	Scenario
	Test #
	Type of Requirement
	Original Requirement Value
	New Test Limit

	CQI 9.3.1
	Test1
	Alpha
	2%
	1.6%

	 
	 
	Beta
	55%
	55.4%

	 
	 
	Tput Ratio
	1.1
	1.09

	 
	 
	BLER
	0.05
	0.043

	 
	Test2
	Alpha
	2%
	0.0%

	 
	 
	Beta
	55%
	62.2%

	 
	 
	Tput Ratio
	1.1
	1.05

	 
	 
	BLER
	0.05
	0.0

	CQI 9.3.2
	Test1
	Alpha
	20%
	17.8%

	 
	 
	Tput Ratio
	1.05
	1.03

	 
	 
	BLER
	0.02
	0.0

	 
	Test2
	Alpha
	20%
	19.9%

	 
	 
	Tput Ratio
	1.05
	1.02

	 
	 
	BLER
	0.02
	0.001

	CQI 9.3.3
	Test1
	Alpha
	60%
	53.6%

	 
	 
	Tput Ratio
	1.6
	1.39

	PMI 9.4.1
	 
	Tput Ratio
	1.1
	1.09

	RI 9.5.1
	Test1
	Tput Ratio
	1.0
	0.96

	 
	Test2
	Tput Ratio
	1.05
	1.03

	 
	Test3
	Tput Ratio
	1.1
	1.09


Observing the simulation outcomes in Section 2, the changes in performance caused by AWGN-only or signal-only or signal + AWGN ripples seem reasonable as no dramatic variation is recorded. And in most cases, the resultant new test limit looks acceptable (highlighted in green). However, in few cases where the original alpha and BLER requirements are low (i.e. just 2% or 0.05), the new test limits become rather meaningless for verification purposes.
Since these original requirement values are quite small, perhaps enough margins are already “built-in” and no further relaxation is needed. Below we give raw simulation results for these cases.

Scenario 9.3.1 Test 2 (14dB) spread results collection for 8 full size subbands

No ripple: Percentage at +0 offset:[ 18.12  15.44  17.96  15.04  18.24  15.28  19.56  15.2 ]

AWGN ripple: Percentage at +0 offset:[ 25.24  13.04  15.56  15.84  26.76  15.52  13.52  15.44]

Signal ripple: Percentage at +0 offset:[ 13.84  14.84  18.52  15.92  16.4   11.8   17.04  14.92]

Signal + AWGN ripple: Percentage at +0 offset:[ 16.08  14.72  19.16  15.84  17.96  14.0  18.12  14.92]

Scenario 9.3.1 Test 2 (14dB) BLER results

No ripples: BLER = 0.3682

AWGN ripple: BLER = 0.4178

Signal ripple: BLER = 0.318
Signal + AWGN ripple BLER = 0.3731

Scenario 9.3.2 Test 1 (6dB) BLER results

No ripples: BLER = 0.2451

AWGN ripple: BLER = 0.2971

Signal ripple: BLER = 0.2388
Signal + AWGN ripple BLER = 0.2673
Scenario 9.3.2 Test 2 (12dB) BLER results

No ripples: BLER = 0.2879

AWGN ripple: BLER = 0.3016

Signal ripple: BLER = 0.2854
AWGN + Signal ripple: BLER = 0.3067
For the spread results, reported percentage at 0 CQI offset range from 12% to 19.6% which is well above the 2% requirement. As for the BLER results, the minimum BLER ranges from 0.24 to 0.32 which is also well above the 0.02 or 0.05 (depending on the test case) requirement. This results observation is of course only based on one implementation. If results from using different implementations are available and they are not in the range close to the original requirements, we suggest keeping the original values for the yellow cases as the test limits for RAN5.
4
Conclusions
In this contribution, we provided our simulation results according to the guideline and selected test scenarios [2]. In addition, discussion of results analysis deriving test limits for RAN5 is also provided. Based on further raw results for tests with requirements that are already extremely low, we suggest keeping the original values as the test limits in these cases.
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