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1 Introduction

In RAN4 meeting #65, a way forward[1] has been agreed to further evaluate the UE demodulation performance for high frequency band under high speed scenarios, which are:

· Evaluate whether the existing SIMO ETU300 requirements are  fully sufficient to verify UE demodulation performance under high band and high speed scenario;
· Evaluate whether a new requirement is needed to differentiate UEs with bad implementation (such as bad noise estimator) at high Doppler;
· Companies are invited to consider TM3 rank-2 transmission in the evaluation with high frequency band and high Doppler scenario.
· Other evaluations are not precluded
In this contribution, we further investigate the impacts of high frequency and speed scenarios on UE demodulation performance and give our proposal on high frequency band and high speed scenarios.
2 Analysis and evaluation

2.1 Background

For the demodulation and CSI testing, the high band and high speed scenarios will introduce the higher Doppler-frequency-spread as shown in Table 1.
Table 1: the Doppler frequency and corresponding UE velocity

	
	700MHz (Band13)
	2GHz (Band 4)
	2.6GHz (Band 7)
	3.6GHz (Band 43)

	5Hz
	7.7km/h
	2.7km/h
	2km/h
	1.5km/h

	70Hz
	108km/h
	37.8km/h
	29km/h
	21km/h

	200Hz
	308km/h
	108km/h
	83km/h
	60km/h

	300Hz
	462km/h
	162km/h
	124km/h
	90km/h


The following are the existing testing cases with high Doppler-frequency-spread in TS36.101 Table 8.2.1.1.1-2.
	Test num.
	Band-width
	Referencechannel
	OCNG pattern
	Propa-

gation condi-tion
	Correlation matrix and antenna config.
	Reference value
	UE cate-

gory
	CA capa-

bility

	
	
	
	
	
	
	Fraction of maximum

throughput (%)
	SNR (dB)
	
	

	3
	10 MHz
	R.2 FDD
	OP.1 FDD
	ETU300
	1x2 Low
	70
	0.0
	1-8
	-

	8
	10 MHz
	R.3 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	2-8
	-

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	1
	-


It could be observation that: 

· Observation 1: Current testing cases with high Doppler-frequency-spread only cover the Low/Medium SNR range and 1×2 SIMO transmission modes. 
From the simulation results in [2] and [3], it can be observed that 
· Observation 2: The performance of SIMO or SFBC is not sensitive to the poor noise estimation. 

2.2 Impacts of high band and high speed scenarios 

Following the UE demodulation implements, some steps may be affected by high Doppler frequency spread, and the detailed analysis are provided in this section.
2.2.1 Prediction of Doppler spread
The prediction of maximum of Doppler spread would be helpful for UE to perform some physical-layer algorithms, such as deciding the time-domain filter coefficients for the channel estimation.  High speed and high frequency band scenario would be more challenging for the channel estimation.
2.2.2 Noise estimation

Here are a summary of several Noise estimation methods: 
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Figure 1 Noise estimation methods, Method 1 (left) and Method 2 (right)
The noise estimation method 1) and 2) are illustrated as Figure 1, and the final output of noise power 
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The receiver models are:
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An improved estimation could be similar as how to estimate the interference-matrix as MMSE-IRC, noted as method 3).

2.2.3 CSI measurement and report
Firstly, the CQI estimation is based on the noise and interference estimation. The bad noise estimation performance will degrade the link adaptation performance. Secondly the high Doppler spread leads to fast fading channel, which will make the reported CQI accuracy even worse due to reporting delay. So under high speed and high frequency band scenario, the CQI measurement may be more challenging to ensure the good link adaptation performance.
2.2.4 Feasibility for TM3 rank-2 transmission
We evaluate the possibility for TM3 to be used in high speed and high frequency band scenario by evaluating the distribution of the reported rank for transmission mode 3. Table 2 provides the simulation assumption. And Figure 2 shows the results.
The results show that:

· In TM3 and high Doppler spread scenarios, the ratio of rank 2 will be bigger than that of rank 1 when the SNR become higher than 10~12 dB, which means that the TM3 rank 2 transmission may be a reasonable configuration under the high speed  and high frequency band scenarios.
Table 2: Evaluation assumptions of rank distribution 
	Parameters
	value

	Bandwidth
	10MHz

	Antenna configuration
	2×2 low

	Transmission mode
	TM3 adaptation

	CSI feedback 
	PUCCH 1-0

	Propagation condition
	EVA200/ETU300
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Figure 2: Simulation results of rank distribution when TM3 & high speed scenarios
2.3 Evaluation of noise estimation 
In our contribution [2], it had been shown that the SIMO ETU300 and TM2 ETU300 cases could be insufficient to rule out the bad noise-estimation implementation in high frequency and high speed scenarios. So in this section we give further evaluation of TM3 performance with respect to the different noise estimation algorithms. Table 3 provides the simulation assumptions. Figure 3 shows the simulation results.
From the above results, it can be observed that:
· The different noise estimation algorithms result in the different performances in both EVA200 and ETU300 scenarios. Method 3 shows the significant gain in high SNR condition, i.e., 12dB~20dB.
Table 3: Evaluation assumptions of to-be-investigated cases 
	Parameters
	Case 1
	Case 2

	Bandwidth
	10MHz

	Antenna configuration
	2×2 low

	Reference channel
	R.3 FDD:

Allocated resource: 50RB

Modulation and coding: 16QAM 1/2

	Transmission mode
	TM3 rank ==2

	Propagation condition
	ETU300
	EVA200

	Note: The different noise estimation algorithms are listed in section 2.2.3
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Figure 3: Simulation results of TM3 testing case under different noise-estimation algorithm
3 Conclusion
This contribution provides the analysis and evaluation results of high frequency band and high speed scenarios. Based on the analyses, we have the following observations and proposals:

· Observation 1: Current testing cases with high Doppler-frequency-spread only cover the Low/Medium SNR range and 1×2 SIMO transmission modes. 

· Observation 2: The performance of SIMO or SFBC is not sensitive to the poor noise estimation. 

Such kind of requirements couldn’t rule out the bad or improper implementations, such as band channel estimation or noise-estimation in high frequency/high speed/ MIMO transmission mode scenarios. So new testing case aimed on the high frequency/high speed/ MIMO transmission mode scenarios are needed.
· Proposal 1: Introduced the new TM3 rank-2 demodulation performance test to cover high-frequency-band and high-speed scenarios and the following cases can be taken into consideration:
· TM3, ETU300, 16QAM 1/2
· TM3, EVA200, 16QAM 1/2 (opinion)
· Proposal 2: Introduced the new TM3 rank-2 based CQI requirements under ETU300 or EVA200 to cover high-frequency-band and high-speed scenarios.
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