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1 Introduction

In meeting 64bis document [1] started a discussion about the need to increase the test coverage to test high Doppler with TM2 and TM3. Currently TM 1 is the only transmission mode which is tested with very high Doppler, i.e. 300Hz. 
Document [1] showed potential performance degradation at high Doppler conditions which are especially visible when rank 2 is scheduled, i.e. TM3. The performance degradation was due mainly to a particularly/deliberately bad noise estimation implementation which highly overestimate the noise+interference  when high speed is considered, i.e. when the channel can not be considered as constant over 2 samples used for the estimation. 
In the last meeting the following way forward was agreed [2]:
· The same UE moving speed corresponds to different Doppler frequency spread (as shown in the following table)

	Doppler spread
	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


· 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 (e.g., 2GHz, other values are not precluded) and high Doppler scenario (e.g., 200Hz, other values are not precluded).

· Other evaluations are not precluded

In this contribution we resubmit simulation results as in [3] and we discuss the need for a new test.

2  Discussion and Initial simulation results
According to the way forward, analysis should be provided when 200Hz Doppler is considered in the context of TM3. The same deliberately wrong noise estimator as defined in [1] has been implemented in order to understand whether this can be the only source of the degradation loss. The performance is compared with a standard noise estimator algorithm. The results are provided in terms of throughput vs SNR.
At least one operator has expressed interest on the definition of performance requirement for high Doppler case; the rationale being that some losses have been encountered in the field, in particular when TM3 is schedule to users which are driving in freeways. 
It would be beneficial to have more detailed information about the scenarios, the amount of losses and the behavior of the UEs under these scenarios in order to possibly define a test which prevents the wrong behavior encountered in field test. Information about the conditions where problems are seen, such as channel measurements, bandwidth, PRB allocation, modulation at which the problem is seen (or SNR range) coding rate, rank, antenna configuration and so on would be beneficial. We think this is of primary importance to understand the source of the problem.
In [1] it was mentioned that particularly bad performance can be obtained if the UE implements a very simple noise estimator which does not take Doppler into account and uses 2 consecutive samples in time domain into account to perform the estimation. They showed that the performance is particularly affected by the noise estimator implementation. The noise estimator which has been used in [1] is particularly poor and can not be representative of a typical UE implementation. 
In Figures 1-3 we provide the performance results according to the following conditions
· EVA5, EVA200, EVA300
· 10MHz, all RB used
· 16QAM ½ with Rank 1 and 64QAM, rank =2
· Receiver: practical receiver with practical noise estimator and noise estimator from [1]
· Antenna configuration: TM 2 2x2 rank 1, TM3 2X2 low, rank 2
From these figures it is shown that the degradation due to high Doppler is acceptable also for 300Hz for practical receiver and practical noise estimator. Additionally the same noise estimator as shown in [1] which is defined to provide deliberately poor performance still provide acceptable performance also at 300Hz Doppler. The drastic loss in performance shown in [1] in this case is not visible in Figures 1-3 not even for large Doppler as 300Hz. 
This shows that the noise estimator is not the only cause of the performance degradation, and the additional performance loss can come also for the particular choice of the outer decoder. 

Hence it can be concluded the proposal in [1] to consider the use of a standard noise estimator is not needed, not even in high speed scenarios, and legacy (correct) noise estimator algorithms do not show the drastic loss in performance shown in [1].

Observation. There is no need to consider an advanced noise estimation algorithm specifically for high Doppler TM 3 case. Normal noise estimators can be considered without substantial drop in performance
According to our simulation results it is considered as difficult to discriminate between good and bad UE implementation and the performance loss is too small.
Additionally it should be also taken into account that because of the high speed it is possible that a large spread of the results will be present which would require high margins for the definition of the performance, which at the end make it difficult to discriminate between good and bad UE implementation.

It should be also noted that that normal/regular PDSCH demodulation tests are defined at 70% of the maximum throughput.  According to figures 1 and 3 70% of the maximum throughput is achieved for SNR in the range of 5dB for TM2 and 16-17dB for TM3. However, even in [1] the effect of bad noise estimators at these SNR ranges is highly reduced. Hence it seems difficult according to our results to discriminate between wrong and correct UE implementations. 
The table in section 1 shows the conversion of Doppler shift into speed depending on the band. In particular 200Hz represents the following speed values:

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


200Hz is a valid assumption in terms of Doppler only for bands above 2GHz, while for lower bands the speed value is too high and does not represent a typical speed of users in freeways. Hence the following is proposed:
Proposal. While it is recommended that the test should be defined independently from the band, i.e. by defining the Doppler rather than the speed, it should be also noted that 200Hz can be considered as an acceptable Doppler shift only for certain bands. For example one could consider this test scenario to be applicable only for bands which are above 2GHz. This can be achieved via a note in the specification.
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Figure 1. TM 2 performance for several Doppler values with standard noise estimator and with the noise estimator used in [1] denoted ad ‘simple noise est.’
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Figure 2. TM 2 performance for several Doppler values with standard noise estimator and with the noise estimator used in [1] denoted ad ‘simple noise est.’
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Figure 3. TM 3 performance for several Doppler values with standard noise estimator and with the noise estimator used in [1] denoted ad ‘simple noise est.’
3 Conclusions

In this paper we have discussed the possible introduction of high speed demodulation tests. The following proposals have been made:
Proposal 1. If operators sees the need for a new high Doppler test for TM3, a single regular PDSCH additional test based on TM3, 200Hz Doppler 2X2 rank 2 can be considered. However, before defining the details of the test, the following observation should be considered.
Observation. It would be beneficial to have more detailed information about the scenarios, the amount of losses and the behavior of the UEs under these scenarios in order to target a PDSCH test which prevents wrong behavior encountered in field test. This information is needed in order to identify the source of the performance limitation (possibly wrong noise estimator is not the only source of errors).

Proposal 2. While it is recommended that the test should be defined independently from the band, i.e. by defining the Doppler rather than the speed, it should be also noted that 200Hz can be considered as an acceptable Doppler shift only for certain bands. For example one could consider this test scenario to be applicable only for bands which are above 2GHz.

Proposal 3. There is no need to consider an advanced noise estimation algorithm specifically for high Doppler TM 3 case. Normal noise estimators can be considered without substantial drop in performance.
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