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1 Introduction

The maximum testable SNR is under discussion in RAN5, and at the moment not all the high SNR testpoints are possible to test. In [1] the different limitations were analyzed, and the conclusion was that the limitation that has biggest potential to be improved is the power backoff from P1dB due to waveform crest factor. The power backoff can be improved if clipping can be acceptable, but it is not known how much a certain clipping probability will affect the UE demodulation performance.

This topic is also part of an open RAN5 action point:

	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#89e.23
	RF
	Provide input on acceptable clipping frequency due to fading and/or acceptable fading crest factor margin for FR2 Demod performance and CSI test cases Provide input on the impact to TxEVM (and consequently SNR) for higher probabability of saturation of faded signal
FR2_Demod_MU
	Qualcomm, Anritsu, Keysight, E///, R&S
	R5-206168, R5-205702

R5-211083

R5-212961

R5-213335

R5-212030/31/32

R5-215661, R5-214204, R5-214852, R5-21402/3
	RAN5#93e
	Open



This paper presents link level simulations for different clipping probabilities and its impact on UE demodulation.
2 Simulation setup and results
2.1 Simulation model
The simulation setup is the same as the one used in RAN4 to determine minimum requirements (MMSE-IRC UE receiver). Parameters are specified in Table 1.
	Test number (TS38.101-4 7.2.2.2)
	SCS
	CBW
	MCS
	Antenna configuration
	Rank
	Channel model
	Tx EVM

	2-6
	120kHz
	100MHz
	64QAM / 0.43
	2x2
	2
	TDLA30-75
	6%

	1-4
	120kHz
	50MHz
	256QAM / 0.67
	2x2
	1
	TDLD30-75
	3%


Table 1: Simulation parameters
The clipping that we want to study is occurring at the TE power amplifier (PA). It is assumed that both fading and noise generation is done on digital baseband before upconversion to RF, meaning the clipping is inserted last in the chain just before the UE receiver. Since there is independent fading and noise on the two UE receive branches, the clipping is done per branch. The level of the clipping is at a power level of the average SNR per port plus PAPR (crest factor).

[image: image1]
Figure 1: Simulation model

2.2 Crest factor

For 64QAM, test 2-6 (SCS=120kHz, 100MHz, MCS17 rank 2, 2x2 TDLA30-75) was used when determining the power backoff used in current RAN5 spec as this test have highest SNR [2]. The SNR for test 2-6 is 18.6 + 1.7 = 20.3 dB which is in this paper rounded to 20 dB (17 dB per antenna) when determining the crest factor. 
For 256QAM there is only one test present in 38.101-4. The SNR for this test (1-4) is 20.3 + 1.8 = 22.1 dB which is rounded to 22 dB when determining the crest factor.

	Clipping probability
	PAPR (dB)

	No clipping
	18.99

	1e-6
	16.49

	1e-5
	15.49

	1e-4
	13.99

	1e-3
	12.25

	1e-2
	10.11

	1e-1
	7.23


Table 2: Crest factor for 64QAM (test 2-6) vs clipping probability with SNR = 20 dB and 428634000 samples per Rx
	Clipping probability
	PAPR (dB)

	1e-6
	15.43

	1e-5
	14.43

	1e-4
	13.18

	1e-3
	11.69

	1e-2
	9.79

	1e-1
	7.11


Table 3: Crest factor for 256QAM (test 1-4) vs clipping probability with SNR = 22 dB and 214312500 samples per Rx
2.3 Results
The UE throughput vs SNR is simulated with different clipping probabilities. The signal is clipped at the per branch SNR where 70% throughput is achieved plus PAPR for the clipping probability being simulated (as determined in section 2.2). This is done to capture the worst case with a marginal UE having 70% throughput at the SNR in the test case. Note we assumed SNR=15.5dB for 64QAM rank 2 and SNR=16dB for 256QAM rank 1 when we set clipping points because these points result in 70% thoughtput in our simulation environment. 
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Figure 2: UE throughput vs SNR for 64QAM
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Figure 3: UE throughput vs SNR for 256QAM
The simulations show that a very high clipping probability is possible without affecting the UE performance. A possible explanation for this is that most of the errors are happening at fading dips while the clipping is only happening at the fading peaks. 
Observation 1: For both 64QAM and 256QAM there is no degradation of 70% throughput with a clipping probability of 1e-2

Observation 2: If 1e-2 clipping can be accepted, the testable SNR is improved with 7.6 dB (17.71 – 10.11). 

2.4 Test points with testability issue
The testability per test point in current 38.521-4 V16.9.0 before any power backoff improvement is indicated in Table 3 below (red highlight means it is not testable). 

	Test Case
	Test point
	CHBW
	SNR test requirement
	Maximum testable SNRBB [dB]

	
	
	[MHz]
	[dB]
	n257
	n258
	n259
	n260
	n261

	7.2.2.2.1_1
	1-1
	100
	1.4
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]

	 
	1-2
	100
	3.6
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]

	 
	1-3
	100
	14.2
	[20.8]
	[20.8]
	[10.3] (-3.9)
	[14.5]
	[20.8]

	 
	2-1
	100
	5.8
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]

	 
	2-2
	100
	16.0
	[20.8]
	[20.8]
	[10.3] (-5.7)
	[14.5] (-1.5)
	[20.8]

	 
	2-3
	50
	15.7
	[24.0]
	[24.0]
	[13.6] (-2.1)
	[17.7]
	[24.0]

	 
	2-4
	100
	15.8
	[20.8]
	[20.8]
	[10.3] (-5.5)
	[14.5] (-1.3)
	[20.8]

	 
	2-5
	50
	16
	[24.0]
	[24.0]
	[13.6] (-2.4)
	[17.7]
	[24.0]

	 
	2-6
	100
	20.3
	[20.8]
	[20.8]
	[10.3] (-10)
	[14.5] (-5.8)
	[20.8]

	7.2.2.2.1_2
	3-1
	100
	20.7
	[20.8]
	[20.8]
	[10.3] (-10.4)
	[14.5] (-6.2)
	[20.8]

	7.3.2.2.1
	1-1
	100
	7.7
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]

	 
	1-2
	100
	4.3
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]

	7.3.2.2.2
	2-1
	100
	3.2
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]

	 
	2-2
	100
	0.2
	[20.8]
	[20.8]
	[10.3]
	[14.5]
	[20.8]


Table 4: Required SNR and testable SNR for all FR2 Demod test points in 38.521-4 V16.9.0.
Observation 3: If testable SNR is improved by 7.6 dB all test points except 2 will become testable. All bands except n259 can be fully tested.

Observation 4: With a more realistic clipping model than the hard clipping used in this paper, the power backoff can potentially be even further optimized. This could enable full testing of band n259 as well as the upcoming band n262.

3 Proposal

Proposal 1: Use 1e-2 clipping probability when determining required power backoff for both 64QAM and 256QAM
Proposal 2: Use 10.11 dB power backoff for 64QAM and 9.79 dB for 256QAM when calculating max testable SNR
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