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1 Introduction

This contribution discusses several techniques to improve the channel estimation performance at high Doppler situations with TDM pilot structure for OFDMA scheme in the downlink transmission.
2 Downlink Pilot Structures  
At RAN WG1#42 and WG1#42bis meeting, several contributions on E-UTRA DL pilot structure were provided for discussion [1-6]. Two main concepts were proposed for the pilot structures in the input contributions of previous meetings:

1) TDM pilot 

2) Scattered pilot 

Several Concepts were widely accepted concerning the two pilot structures. TDM pilot performs well at speeds well beyond 120 km/h, but concerns were raised on accuracy of channel estimation at high UE velocities such as 250 - 350 km/h.  However, from the system operability point of view, staggered pilots may suffer the performance lose of 0.3-0.8 dB for shared control channel detection at high velocities. If other important aspects other than the performance of channel state estimation are considered in the designing of pilot structures, such as synchronization, cell search procedure, etc, TDM scheme may be more desirable from the implementation point of view.
In this contribution, we discuss possible solutions to improve the channel estimation performance for TDM pilot structure at high Doppler situations.
3 Possible Solutions 
1) Dedicated pilots
One possible solution to meet the requirements up to the highest velocity is the use of dedicated pilots inside the resource units in addition to TDM pilot. It is shown that by introducing dedicated pilots channel estimation performance close to the ideal case could be achieved [1]. However, the procedure of pilot density adaptation should be considered without the UE speed information at base stations.  In addition, additional pilot overhead should be carefully controlled in this case.
2) Semi-blind channel estimation 
Another possible solution to this problem is employing semi-blind channel estimation. The blind channel estimation can be designed based on the inherent cyclostationarity of cyclic prefix, the finite alphabet property of information-bearing symbols, etc. which does not require any training symbols. However, blind channel estimation suffers from disadvantages of slow convergence, high complexity, inefficiency in tracking fast channel variations and irresolvable ambiguity. As a result, semi-blind channel estimation which consists of coupling training sequence based and blind techniques seems more appealing. Proper semi-blind teniques can be applied in this case to allow a significant reduction in the number of training symbols and/or to reduce the bit error rate. It can be seen that the channel estimation performance improves considerably. And the overall complexity remains relatively low. Furthermore, no additional pilot overhead is required.
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Figure 1. Raw BER performance of TDM with common and dedicated pilots and semi-blind channel estimation, 

VA350, carrier frequency=2.6GHz, QPSK modulation
3) Decision-directed channel estimation

Decision-directed channel estimation can also be used to improve the poor estimation performance of simple linear interpolator for high speed users. However, it suffers from the well-known error propagation phenomenon and is responsible for catastrophic “run-away” effects at low SNR.

4 Conclusions

In conclusion, for OFDM based downlink transmission, several solutions can be considered to improve the channel estimation performance for high speed UEs with TDM pilot structure. Taking into account other aspects of implementation, TDM pilot structure appears to be a more promising candidate of downlink pilot structure for Evolved UTRA.
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