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1 Introduction

Beamforming has been previously discussed by RAN1, for example in [1] and [2]. One key requirement for practical DL beamforming is for each receiver to have some knowledge of a suitable phase reference for demodulating the received signals. This can be achieved, for example, by some combination of common pilot symbols, dedicated pilot symbols and signalling of the beamforming  vector. This contribution considers the overhead which may be required by different schemes, and discusses the possible effect of errors in a dedicated phase reference.

2 Discussion

For transmission of only a single spatial stream,  in principle it is sufficient to provide a single phase reference for the receiver. Therefore we look at the overheads needed for dedicated reference symbols and compare this with signalling the beamforming/pre-coding vector.

2.1 Dedicated phase reference overhead

We consider the smallest supported TTI, consisting of two resource blocks, and comprising a total of 168 symbols in the time frequency space. Assuming the channel does not change significantly across these resources, it would be sufficient to provide a single pre-coded dedicated reference symbol. However, for robust channel estimation and tracking of channel variations more symbols are needed. If we assume the same pilot density is required for dedicated pilots as common pilots this would mean either 2 or 4 reference symbols per subframe.  Therefore the overhead (in the time/frequency domain) would be 4 or 8/168 = 2.4% to 4.8%.

2.2 Signalling overhead

For the case where the beamforming weights are signalled to the UE, we again consider the smallest supported TTI, consisting of two resource blocks,.. Assuming a codebook based approach with a vector size of 16, requiring 4 bits, with 1/3 rate coding and QPSK modulation, this would require six symbols. Therefore for the case of a 4 bit vector codebook the overhead in the (time/frequency domain) would be about 6/168 = 3.6%. However, the overhead would be higher if a larger codebook was required (e.g. for more than four antennas), or if the weight vectors were signalled directly.

3 Effect of errors from a dedicated phase reference

Since the achievable throughput will depend on minimising the effects of noise and interference and other errors on the receiver demodulation process, we briefly consider the sources of such errors, and in particular any arising from the use of a dedicated phase reference.  

Since one important scenario for beamforming is cell-edge operation, it must be effective at low SINR (i.e. high levels of inter-cell interference). We concentrate on this scenario. We may reasonably assume that there is no significant error in computing a phase reference arising from the use of a signalled pre-coding vector. But, in the case of a dedicated phase reference, the accuracy of this reference will mainly be subject to degradation due to inter-cell interference. However, the data symbols will typically suffer from similar inter-cell interference. This is equally the case for both a signalled pre-coding vector and a dedicated phase reference symbol.   This suggests that the use of multiple dedicated pilot symbols per subframe will mean that the impact of any errors arising from a dedicated phase reference will be significantly smaller than the interference on the data symbols. However, this conclusion should be verified by further study or simulation of the effect on the BER or BLER of errors on the phase reference.

4 Conclusion

From the above discussion we conclude that:

(1) The overhead in terms of time/frequency resources for signalling a beamforming vector using a codebook can be similar to the use of a dedicated pre-coded phase reference (up to around 5% depending on assumptions).

(2) The overhead from signalling the weight vectors directly could be much higher, particularly for large transmitter antenna arrays.

As a further consideration, at the RAN1 LTE TDD Adhoc Meeting in April 2007, it was agreed to support a single-stream dedicated reference signal based beamforming mode, in which in-band dedicated reference signals are used for data demodulation [3]. As far as possible, it is very important that consistency should be maintained for all modes of LTE (FDD and TDD). 

Our clear preference is therefore that the mechanism for providing a phase reference for DL beamforming should be dedicated reference symbols in FDD operation as well as TDD. 
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