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1 Introduction

In RAN4 64bits meeting, the analysis and evaluation of high UE velocity were given in [1], which revealed current testing cases haven’t covered the high frequency band and high speed scenarios.  In [2], we suggested firstly to verify whether the existing SIMO ETU300 requirement is sufficient for high frequency and speed scenarios, and then investigate whether TM2 and TM3 performance requirements are necessary. Although [2] was not approved, the way forward online was to evaluate whether new UE demodulation performance requirements targeting high band and high speed scenario.
In this contribution, we follow the steps in [2] and online way forward to evaluate the feasibility of the requirements for the high frequency band and high speed scenarios.
2 Evaluation and analysis
2.1 Necessity of requirements for high band and high speed scenarios 
The Doppler frequency spreads caused by the same UE moving speed for higher bands and lower bands are quite different as shown in Table 1. As shown in [1], under the scenario with the reasonable speed, e.g., 100km/h, TM2 and TM3 are expected to bring about gain. And for the lower band, e.g., band 13, the performance under the above scenario has been covered by the requirements with assumptions of TM3 1/2 16QAM EVA70. But for higher bands, e.g., band4 and band 43, there is no such requirement to cover the 100km/h moving speed scenario. So to some extent, the performance under high frequency band would not be fully verified.
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


From the UE performance point of view, it is expected that there is no significant gap between higher band (e.g., band 4) and lower band (e.g., band 13) given the same UE moving speed. But according to the evaluation in [1], some improper demodulation algorithms especially some simple noise estimation will show quite bad performance in high Doppler frequency spread scenario at high SNR. 
The simple noise estimation algorithm under evaluation in [1] is shown in Figure 1. The Port 0 CRS RE is marked by red block and Port 1 CRS RE is marked by red “X”. UE will use a pair of CRS RE-s adjacent in frequency and time domain, e.g., RE labelled as “A” and RE labelled as “B” for the noise estimation.
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Figure 1 Simple noise estimation algorithm

After removing the RS sequence, the LS estimation of A and B is denoted by
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Then one noise estimate from this CRS RE pair is 
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After averaging the above estimates across the sub-carriers and OFDM symbols, UE can obtain the final estimation of noise. When the UE velocity is low, the channel along time varies slowly. So HA–HB approaches zero and the noise estimate is accurate. But when the UE velocity is high, the remaining error of HA–HB for noise estimation becomes large, which results in the “floor” for the noise estimation.  For example, when practical SNR is larger than 16dB, the remaining error of HA–HB becomes dominant compared to the real noise, thus the estimated SNR will not decrease with the practical SNR. In that way, although the actual noise decreases, its estimate is kept as constant, which degrades the MMSE performance and makes the reported CQI very conservative. 

Except for noise estimation, the poor channel estimation would also impact the performance. But it would be difficult to define a certain channel estimation algorithm as reference. In the following, we mainly focus on the comparison of the impacts between bad noise estimation and good noise estimation. The good noise estimation can be viewed as the minimum requirements for UE under high speed and high band scenario.
2.2 Evaluation of existing SIMO ETU300 cases
RAN4 has defined the ETU300Hz requirements for TM1. The test parameters are given in Table 2. In this section, the link-level simulation results are provided to investigate whether the existing SIMO ETU300Hz requirement is sufficient for verifying the UE performance under high band and high speed scenario.
Table 2: Simulation assumptions of the existing SIMO ETU300Hz testing cases* 
	Parameters
	Values

	
	Case1
	Case 2

	Bandwidth
	10MHz

	Propagation condition
	ETU300

	Antenna configuration
	1×2 Low
	1×2 High

	Reference channel
	Allocated resource: 50RB
Modulation and coding: QPSK 1/3
	Allocated resource: 50RB
Modulation and coding: 16QAM 1/2

	Reference receiver
	MMSE
	MMSE

	Reference value – SNR(dB)
	0.0
	9.4


* Parameters in this table comes from TS36.101 Table 8.2.1.1.1-2 

Figure 2 shows the simulation results of TM1 using the simple noise estimation and improved noise estimation. It can be observed that for TM1 the simulation results using both algorithms are similar. Therefore, we have the observation:
Observation 1: the existing ETU300Hz requirements for TM1 couldn’t rule out the bad noise estimation algorithm in high frequency and high speed scenarios.
The reason behind is that for the single stream transmission MMSE receiver is not sensitive to the noise estimation.
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(a) Case 1 SIMO TM1 1/3 QPSK ETU300
(b) Case 2 SIMO TM1 1/2 16QAM ETU300

Figure 2: Simulation results of existing SIMO ETU300Hz testing cases under different noise-estimation algorithms
2.3 Evaluation of TM2 cases

In this section, we will further investigation of the new test cases under TM2 and different reference channels. Table 3 gives the simulation assumptions for the proposed TM2 test cases.
Table 3: Simulation assumptions of TM2 cases 

	Parameters
	Values

	
	Case 3
	Case 4
	Case 5

	Bandwidth
	10MHz

	Propagation condition
	EVA200
	EVA200
	ETU300

	Antenna configuration
	2×2 Low

	Reference channel
	Allocated resource: 50RB

Modulation and coding: 16QAM 1/2
	Allocated resource: 50RB

Modulation and coding: 64QAM 1/2
	Allocated resource: 50RB

Modulation and coding: 16QAM 1/2


Figure 3 shows the simulation results of TM2 using the simple noise estimation and improved noise estimation. It can be observed that for TM2 the performance difference between simple noise estimation and improved one is marginal. The reason behind is the same as for TM1, i.e., for the single stream transmission MMSE receiver is not sensitive to the noise estimation. Therefore, we have the observation:
Observation 2: It would be difficult to use TM2 test cases to rule out the bad noise-estimation algorithm in high frequency and high speed scenarios.
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(a) Case 3 SFBC TM2 1/2 16QAM EVA200
(b) Case 4 SFBC TM2 1/2 64QAM EVA200
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(c) Case 5 SFBC TM2 1/2 16QAM ETU300

Figure 3: Simulation results of the TM2 test cases under the different noise estimation algorithms
2.4 Evaluation of TM3 cases
In this section, we will further investigation of the new test cases under TM3 and different reference channels. Table 4 gives the simulation assumptions for the proposed TM3 test cases.

Table 4: Simulation assumptions of TM3 cases 

	Parameters
	Values

	
	Case 6
	Case 7
	Case 8
	Case 9

	Bandwidth
	10MHz

	Propagation condition
	EVA200
	EVA200
	EVA200
	ETU300

	Antenna configuration
	2×2 Low

	Reference channel
	Allocated resource: 50RB

Modulation and coding: 16QAM 1/2
	Allocated resource: 50RB

Modulation and coding: 64QAM 1/2
	Allocated resource: 50RB

Modulation and coding: 16QAM 0.6
	Allocated resource: 50RB

Modulation and coding: 16QAM 1/2


Figure 4 shows the simulation results of TM3 using the simple noise estimation and improved noise estimation. It can be observed that for TM3 the performance difference between simple noise estimation and improved one is noticeable. The improved noise estimation algorithm shows the significant gain in high SNR region, i.e., 12dB~20dB. For Case 7, Case 8 and Case 9, the performance differences are quite significant, i.e., the gap is larger than 1dB at 70% relative throughput. With increasing SNR, the gap will increase. For Case 6, the difference at 70% relative throughput is around 0.5dB. 
The reason behind is that the performance of MMSE equalizer is sensitive to the noise estimation with increasing SNR for TM3 two stream transmission, where the error of noise estimation will result in the higher level cross-stream interference. Therefore, we have the observation:
Observation 3: TM3 test cases could be used to rule out the bad noise-estimation algorithm in high frequency and high speed scenarios.
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(a) Case 6 LD-CDD TM3 1/2 16QAM EVA200
(b) Case 7 LD-CDD TM3 1/2 64QAM EVA200
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(c)  Case 8 LD-CDD TM3 0.6 16QAM EVA200
(d) Case 9 LD-CDD TM3 1/2 16QAM ETU300
Figure 4: Simulation results of TM3 test cases under different noise estimation algorithms
And we also compare the performance of Case 6 to the case with the assumption of TM3 1/2 16QAM EVA70 in Figure 5. It can be observed that the bad noise estimation will lead to 1dB gap between EVA70 and EVA200, while by using the improved noise estimation the gap will become less than 0.5dB, since the improved noise estimation will have more impact on EVA200 performance. In other words, given the same moving speed of 108km/h, the UE accessing band 4 would undergo 1dB performance loss comparing to accessing band 13 if the bad noise estimation was used. On the contrary, with good noise estimation, the loss will be less than 0.5dB.
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Figure 5: Simulation result comparison between EVA70 and EVA200 propagation conditions.

2.5 Evaluation of the impact on CSI reporting
In this section, the simulation results of TM3 link adaptation are given in Figure 6, which are copied from [1]. Expect for the impacts on MMSE equalizer, the bad noise estimation would also lead to the conservative CQI reporting, which lowers the maximum achievable throughput. Correspondingly, the performance gap for the UE with the same moving speed between under higher band and under lower band would be further increased.
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Figure 6: Simulation results of TM3 link adaptation with enhanced noise estimation
3 Discussions
From the above analysis, it is observed that both the existing TM1 SIMO ETU300 requirements and TM2 test cases are insufficient to rule out the bad UE. But for TM3 test cases, the performance gap between the good UE and bad one will increase with the increasing SNR. Among all the TM3 cases, the relative big gaps between bad UE and good UE can be found for Case 7, Case 8 and Case 9. And the ETU300 cases would be preferable for even higher band testing, e.g., band 43.

Therefore, we propose that 

Proposal 1: Introduce the new TM3 demodulation performance requirements to cover high frequency band and high speed scenarios. The following candidate cases can be taken into consideration
· TM3, EVA200, 64QAM 1/2
· TM3, EVA200, 16QAM 0.6
· TM3, ETU300, 16QAM 1/2
And the other observation is that the bad noise estimation will lead to the conservative CQI reporting and then limit the maximum achievable throughput. Therefore, we propose that
Proposal 2: Introduced a new CSI test under the assumption of TM3 EVA200 or TM3ETU300 to cover the high frequency band and high speed scenarios.

Regarding to band agnostic issue, the proposed requirements can be applicable for all the bands. But in order to minimize the test case number, it would be acceptable to apply the new test cases only for higher bands.
4 Conclusion
This contribution provides the analysis and evaluation of demodulation performance under high frequency band and high speed scenarios. The observations and proposals are summarized as follows:

Observation 1: the existing ETU300Hz requirements for TM1 couldn’t rule out the bad noise estimation algorithm in high frequency and high speed scenarios.
Observation 2: It would be difficult to use TM2 test cases to rule out the bad noise-estimation algorithm in high frequency and high speed scenarios.
Observation 3: TM3 test cases could be used to rule out the bad noise-estimation algorithm in high frequency and high speed scenarios.
Proposal 1: Introduce the new TM3 demodulation performance requirements to cover high frequency band and high speed scenarios. The following candidate cases can be taken into consideration
· TM3, EVA200, 64QAM 1/2
· TM3, EVA200, 16QAM 0.6
· TM3, ETU300, 16QAM 1/2
Proposal 2: Introduced a new CSI test under the assumption of TM3 EVA200 or TM3ETU300 to cover the high frequency band and high speed scenarios.
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