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1. Introduction
In the last meeting, the way forward [1] was agreed on UE demodulation performance for high frequency band under high speed scenario. In this contribution, we provide our analysis on the need for new demodulation test under high Doppler condition.
2. Simulation results
In this section, we provide the link level simulation results to investigate whether a new requirement is needed to differentiate good UE from bad UE under high Doppler condition.

Firstly we evaluate fixed reference channel for different transmission modes. Table 1 shows the simulation assumption for the existing TM1 ETU300 tests in TS36.101. 
Table 1  Simulation assumptions for the existing TM1 ETU300 tests
	Parameter
	Value

	
	Case 1
	Case 2

	Transmission mode
	TM1(SIMO)
	TM1(SIMO)

	Propagation condition
	ETU300

	Antenna configuration
	1x2 Low
	1x2 High

	Reference channel
	R.2 FDD (QPSK 1/3)
	R.3 FDD (16QAM 1/2)

	Reference receiver
	Rel-8 baseline receiver


Figure 1 shows throughput performance for both simple [2] and practical noise estimation. It can be observed that the throughput performance for simple and practical noise estimation are the almost same. The reason would be the target SNR range. According to Figure 1, 70% of the maximum throughput is achieved at -2dB for Case 1 and 8dB for Case 2. As shown in Annex, error in estimated noise power is not so large in this SNR range. It is noted that the accuracy of the practical noise estimation is comparable to ideal noise estimation in this SNR range even for EVA200.

Observation 1: The existing TM1 ETU300 tests are not sufficient to verify UE demodulation performance under high band and speed scenario.
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Case 1 TM1 QPSK 1/3 ETU300
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Case 2 TM1 QPSK 1/3 ETU300


Figure 1  Simulation results for existing TM1 ETU300 tests
Table 2 shows the simulation assumption for TM2(SFBC) cases.
Table 2  Simulation assumptions for the existing TM1 ETU300 tests
	Parameter
	Value

	
	Case 3
	Case 4
	Case 5

	Transmission mode
	TM2(SFBC)

	Propagation condition
	EVA200
	EVA200
	ETU300

	Antenna configuration
	2x2 Low

	Reference channel
	R.11 FDD (16QAM 1/2)
	R.35 FDD (64QAM 1/2)
	R.11 FDD (16QAM 1/2)

	Reference receiver
	Rel-8 baseline receiver


Figure 2 shows throughput performance for TM2 cases. There hardly is performance difference between simple and practical noise estimation. The reason is the same as for the existing TM1 cases.
Observation 2: The TM2 cases are not sufficient to verify UE demodulation performance under high band and speed scenario.
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Case 3 TM2 16QAM 1/2 EVA200
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Case 4 TM2 64QAM 1/2 EVA200
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Case 5 TM2 16QAM 1/2 ETU300
	


Figure 2  Simulation results for TM2
Table 3 shows the simulation assumption for TM3 (LD-CDD rank-2) cases.
Table 3  Simulation assumptions for TM3 cases
	Parameter
	Value

	
	Case 6
	Case 7
	Case 8
	Case 9
	Case 10

	Transmission mode
	TM3(LD-CDD rank-2)

	Propagation condition
	EVA200
	EVA200
	EVA70
	ETU300
	ETU300

	Antenna configuration
	2x2 Low

	Reference channel
	R.11 FDD

(16QAM 1/2)
	R.35 FDD

(64QAM 1/2)
	R.11 FDD

(16QAM 1/2)
	R.11 FDD

(16QAM 1/2)
	R.35 FDD

(64QAM 1/2)

	Reference receiver
	Rel-8 baseline receiver


Figure 3 shows throughput performance for TM3 cases. Even for 64QAM 1/2 ETU300, the degradation is less than 1dB at 70% of maximum throughput. Additionally no drastic degradation is observed even for ETU300 64QAM 1/2 unlike [2].
Observation 3: Even TM3 cases are not sufficient to verify UE demodulation performance under high band and speed scenario.
	[image: image6.emf]0

5

10

15

20

25

0 5 10 15 20

Throughput [Mbps]

SNR [dB]

Practical noise est.

Simple noise est.

70% of maximum throughput


Case 6 TM3 16QAM 1/2 EVA200
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Case 7 TM3 64QAM 1/2 EVA200
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Case 8 TM3 16QAM 1/2 EVA70
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Case 9 TM3 16QAM 1/2 ETU300

	[image: image10.emf]0

5

10

15

20

25

30

35

40

0 5 10 15 20 25

Throughput [Mbps]

SNR [dB]

Practical noise est.

Simple noise est.

70% of maximum throughput


Case 10 TM3 64QAM 1/2 ETU300
	


Figure 3  Simulation results for TM3
Secondly we evaluate TM3 link adaptation. Table 4 shows the simulation assumptions. It should be noted that no outer loop link adaptation (OLLA) is used.
Table 4  Simulation assumptions for TM3 link adaptation
	Parameter
	Value

	Transmission mode
	TM3

	Propagation condition
	EVA200

	Antenna configuration
	2x2 Low

	Feedback mode
	PUCCH 1-0, Npd = 5ms, No OLLA

	Reference receiver
	Rel-8 baseline receiver


Figure 4 shows throughput performance. It can be observed that the throughput for simple noise estimation almost saturate in the SNR region higher than 20dB while the throughput for practical noise estimation linearly increase. This is because the UE with simple noise estimation report pessimistic CQI and RI in high SNR region. It is noted that the probabilities of rank-2 reporting for simple and practical noise estimation are 93.5% and 49.2% respectively.
Observation 4: The throughput for simple noise estimation drastically degrades due to pessimistic CQI and RI reporting for SNR higher than 16dB.
[image: image11.emf]0

5

10

15

20

25

30

35

40

0 5 10 15 20 25 30

Throughput [Mbps]

SNR [dB]

Practical noise est.

Simple noise est.


Figure 4  Simulation results for TM3 link adaptation under EVA200
3. Discussion

From the above simulation results, no big performance loss is observed even for TM3 LD-CDD rank-2 in fixed reference channel cases. This implies that there could be other causes of the performance degradation. The estimated noise power could be used in not only equalization but also channel estimation. Thus channel estimation would be one of possible cases. Therefore we conclude that the need for new FRC demodulation test for high frequency band and under high speed scenario is questionable.
Observation 5: The need for new FRC demodulation test for high frequency band and under high speed scenario is questionable.
Proposal 1: Not to define new FRC demodulation tests for high frequency band and under high speed scenario.
On the other hand, we observed that the pessimistic CQI and RI reporting in simple noise estimation results in throughput degradation in high SNR region. Apparently the performance gap seems sufficient to differentiate good UE from bad UE. However closed loop operation would not work well under such high speed scenarios since the reported CQI and RI rapidly becomes out of date. In fact, the throughput performance for practical noise estimation is worse than that for simple noise estimation around 10dB. Some sort of OLLA may alleviate this to some extent. However the efficacy is not clear. Therefore we conclude that introduction of a new CSI test should be carefully studied.
Proposal 2: Introduction of a new CSI test should be carefully studied.
4. Conclusion

In this contribution, we provided our simulation results and analysis for high band under high speed scenarios. The observations and proposals are summarized below.
Observation 1: The existing TM1 ETU300 tests are not sufficient to verify UE demodulation performance under high band and speed scenario.
Observation 2: The TM2 cases are not sufficient to verify UE demodulation performance under high band and speed scenario.
Observation 3: Even TM3 cases are not sufficient to verify UE demodulation performance under high band and speed scenario.
Observation 4: The throughput for simple noise estimation drastically degrades due to pessimistic CQI and RI reporting for SNR higher than 16dB.
Observation 5: The need for new FRC demodulation test for high frequency band and under high speed scenario is questionable.

Proposal 1: Not to define new FRC demodulation tests for high frequency band and under high speed scenario.
Proposal 2: Introduction of a new CSI test should be carefully studied.
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Annex. Analysis of simple noise estimation algorithm in [2]
In this chapter, the simple noise estimation algorithm is theoretically analyzed. After pattern canceling the CRS sequence, the zero forcing estimate of channel at t-th OFDM symbol and f-th subcarrier is described by
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The noise power is estimated by averaging the square error between the zero forcing channels between adjacent CRS REs in frequency and time domain, i.e.
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Here we assume
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Considering Rayleigh fading and approximating multipath model by exponential decay model, the correlation can be expressed by
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Here J0(x), fD and rms are zero-order Bessel function of the first kind, Doppler frequency and delay spread respectively. Figure 5 shows the noise power esitmates for EVA70, EVA200 and ETU300. The noise floor can be obeserved due to channel variation in time and frequency domain.
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Figure 5  Estimated noise power of simple noise estimation algorithm [2]
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