3GPP TSG-RAN WG4 Meeting #65                                                          R4-126642
New Orleans, Luisiana, 12-16 November 2012
Agenda item:           6.
1.4.2
Source:
Ericsson/ST-Ericsson

Title:
High Doppler Test
Document for:         Discussion
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 the following conditions are considered for the definition of performance tests:

· TM1: EVA5, ETU70, ETU300, HST;

· TM2 (Transmit diversity with 2 tx antenna ports): EVA5, HST;

· TM2 (Transmit diversity with 4 tx antenna ports): EPA5, ETU70;

· TM3 (Large Delay-CDD): EVA5, EVA70;

· TM4 (Closed-loop): EPA5, EVA5, ETU70;

· TM8, TM9: EPA5, EVA 5

Document [1] concluded that the existing tests are not sufficient to discriminate between a good UE implementation and a bad UE implementation, i.e. a UE could implement a very poor noise estimator and do not achieve good performance for high Doppler in particular for TM 2 and TM 3.  Additional a wide list of additional tests was proposed to be studied and added to cover TM2 and TM3 under high speed propagation conditions e.g. EVA200 for high bands (band 4).

This contribution discusses this matter.
2 Discussion and Initial simulation results
A certain speed value lead to different Doppler frequency which depends on the band it is selected. Doppler shift introduces a shift in the frequency domain, similar to a frequency error. LTE is particularly sensitive to frequency error which may deteriorate the orthogonality between the carriers because of the introduction of ICI. 

If performance is defined depending on the speed, it may lead to the introduction of band dependent performance requirements. Hence the following is proposed.

Proposal 1. Keep defining tests in a band independent manner by fixing the Doppler rather than the speed value. 

In [1] it was mentioned that the performance are 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. By using this poor noise estimator a large loss in performance was shown for example for TM 3 for high Doppler levels (200Hz) while a good noise estimator could provide small performance loss compared to smaller Doppler level (70Hz).

In Figures 1-3 we provide the performance results according to the following conditions
· EVA5, EVA70, 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. It can be concluded that an enhanced noise estimator is not necessarily needed.
Additionally if the goal is to introduce new tests to prevent such poor noise estimator implementation, it is not certain that such demodulation test will be useful in discriminating between a good and a bad noise implementation estimation algorithm, as performance loss may be due to other implementation aspects.
It should be noted that 300Hz corresponds to 124km/h  at 2.6GHz and 162km/h at 2GHz. A scenario based on TM 3 at speed level higher than 120km/h is considered as unrealistic (it is very likely that at such high speed rank=1 will be used).  Under such high speed the use of outer loop can be questionable as channel state information reporting can be rapidly out of date. 
Additionally SNR is in general selected such that 70% of the maximum throughput is achieved. 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.
Currently, requirements are specified for TM 1 with ETU300 with 16QAM and ETU300 and HST with QPSK and for TM 2 with 2 tx ports with HST and QPSK. In order to motivate further discussions we think it is important to demonstrate that the current available requirements defined for the above mentioned tests can not sufficiently penalize a bad UE implementation.
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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

This contribution discusses the need for additional demodulation tests to prevent bad UE implementation at high speed. 

First it is proposed to keep defining tests in a band independent manner by fixing the Doppler rather than the speed value. 
The following is concluded:

· An enhanced noise estimator is not necessarily needed,

· If the goal is to introduce new tests to prevent such poor noise estimator implementation, it is not certain that such demodulation test will be useful in discriminating between a good and a bad noise implementation estimation algorithm, as performance loss may be due to other implementation aspects.

· 300Hz corresponds to 124km/h  at 2.6GHz and 162km/h at 2GHz. A scenario based on TM 3 at speed level higher than 120km/h is considered as highly unrealistic (it is very likely that at such high speed rank=1 will be used).  
· At SNR levels corresponding to 70% of the maximum throughput the degradation due to bad noise implementation is highly reduced.
In order to motivate further discussions we think it is important to demonstrate that the current available requirements (in TM 1 mainly with 16QAM and ETU300) can not prevent a bad UE implementation.
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