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Discussion
1
Introduction
In RAN4#65, the need for new TM3 demodulation performance requirements in high frequency band and high speed scenarios was discussed. No consensus was found and the companies were invited to provide more analysis on the topic [1]. A way forward document on further evaluations was agreed in [2]. In this contribution, we provide link-simulation results on PDSCH demodulation in high Doppler scenarios and based on the results, we assess the motivation for introducing new demodulation tests.
2
Existing requirements for SIMO ETU300
As instructed in the way forward document [2], we evaluated, whether the existing requirements are sufficient to verify UE demodulation performance under high band and high speed scenario. PDSCH single-antenna port FDD Test 8 for 10MHz system bandwidth was evaluated with three different noise estimators [3]:
· CRS-based residual estimator

· CRS-based frequency correlation estimator

· CRS-based time difference estimator

The residual method has the highest computational complexity, as it requires a filtered CRS estimate as an input. As the filter for the CRS channel estimation is chosen according to the experienced Doppler shift, the residual method does not suffer from estimation bias in high Doppler scenarios.

Frequency correlation method is of low computational complexity, as no CRS filtering is required prior to the noise level estimation. The raw CRS samples are correlated in frequency direction, and the noise level is based on the ratios of the frequency correlations. However, in case of very high frequency selectivity of the channel, there may be bias in the estimator output.

Time difference method is also of low complexity. CRS samples are compared in time direction within one subcarrier, and the difference is interpreted as a result of additive Gaussian noise. The noise level is estimated from the absolute values of the difference samples. This estimator has bias, when the channel changes rapidly in the time direction, i.e. in very high Doppler scenarios.

The results of the single-antenna port simulation are presented in Figure 1. More detailed simulation assumptions are given in Annex A in Table 2. Implementation margin is not applied to the performance figures. The 70%-throughput level is depicted as a horizontal blue line in Figure 1.
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Figure 1: TM1 FDD Test 8, 10 MHz, 16QAM-½, ETU300


In TM1 test, no performance differences are observed between the noise estimators. This is the expected result, as single-layer reception is not vulnerable to noise estimation bias.
3
TM3 performance 
For TM3, no 3GPP test cases are available for high Doppler scenarios. In RAN4#65, there was no agreement on a detailed link-simulation framework. Therefore, we used TM3 simulation setup, based on the proposals from companies in the previous meeting [4]

 REF _Ref346027999 \r \h 
[5].
We evaluated TM3 rank-2 demodulation performance with

· EVA200 64QAM-½

· ETU300 16QAM-½

The results are given in Figure 2 and Figure 3. More detailed simulation assumptions for TM3 are given in Annex A in Table 3. Implementation margin is not applied to the demodulation performance. The 70%-throughput level is depicted as a horizontal blue line in the figures.
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Figure 2: TM3, 10 MHz, 64QAM-½, EVA200
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Figure 3: TM3, 10 MHz, 16QAM-½, ETU300


It is observed that with EVA200 64QAM-½, the frequency correlation estimator does not experience a throughput loss compared to the residual estimator. The time difference estimator produces a loss of 0.4 dB at the 70%-throughput point.

With ETU300 16QAM-½, the frequency correlation estimator experiences a loss of 0.2dB. The time difference estimator has the same loss of 0.4 dB.

We tabulated the SNR difference against the residual estimator at 70%-throughput point in Table 1.

Table 1: SNR-difference against residual estimator at 70%-tput point

	
	Time diff. est.
	Freq. correl. est.

	EVA200, 64QAM ½
	0.4 dB
	0.0 dB

	ETU300, 16QAM ½
	0.4 dB
	0.2 dB


All in all, the performance loss in TM3 rank-2 demodulation, in case a low-complexity noise estimator is used, is negligible. According to the presented results, a new TM3 test case for a high Doppler scenario with similar assumptions would not be able to distinguish a UE with low-complexity noise estimator. On the other hand, there is no clear reason to single out such UEs, as their performance, according to our findings, is on par with an advanced residual noise estimator in high Doppler scenarios. Based on the observations, we make the following proposal:
Proposal:

-
Existing demodulation tests for TM3 are sufficient to verify UE minimum performance.

4
Conclusion

We have studied the need for new TM3 demodulation performance requirements in high frequency band and high speed scenarios. Link level simulation results were provided for existing and proposed test cases, taking into account three different implementations of noise level estimator. Based on the simulation results, we propose the following:
Proposal:

-
Existing demodulation tests for TM3 are sufficient to verify UE minimum performance.
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Annex A

Simulation assumptions

Table 2: Link level simulation assumptions for TM1
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	1x2, high correlation

	Channel model / Doppler spread (Hz)
	ETU300

	PDSCH resource allocation
	50 PRBs

	Transmission scheme
	TM1, Single-antenna port

	HARQ
	Enabled

	Modulation and target coding rate
	16QAM-1/2

	Receiver
	MRC

	Noise level estimation
	1. CRS-based residual estimator

2. CRS-based frequency correlation estimator
3. CRS-based time difference estimator

	Simulation length
	50000 subframes


Table 3: Link level simulation assumptions for TM3

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler spread (Hz)
	· EVA200

· ETU300

	PDSCH resource allocation
	50 PRBs

	Transmission scheme
	TM3 rank-2, Open-loop spatial multiplexing

	HARQ
	Enabled

	Modulation and target coding rate
	· 64QAM-1/2 (EVA200)

· 16QAM-1/2 (ETU300)

	Receiver
	LMMSE (inter-stream interference rejection)

	Noise level estimation
	1. CRS-based residual estimator

2. CRS-based frequency correlation estimator
3. CRS-based time difference estimator

	Simulation length
	40000 subframes



