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1 Introduction

Document [1] compares the performance of some MU-MIMO feedback schemes. One key requirement is for each receiver to have at least some knowledge of the channel, and the pre-coding applied to its transmission. This can be achieved, for example, by some combination of common pilot symbols, dedicated pilot symbols and signalling of the pre-coding 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

In [2] it is shown in the case of a single receive antenna it is sufficient to provide a single phase reference for the receiver. For the case of two receive antennas good performance can also be obtained with a phase reference, with only a small performance loss compared with full channel knowledge. Therefore we look at the overheads needed in this case and compare this with signalling the feedback 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 is sufficient to provide a single pre-coded dedicated reference symbol per user. However, to make these reference symbols orthogonal it would be necessary to leave gaps for the reference symbols for other users, up to the number of transmit antennas.

 Therefore for the case of four transmit antennas the overhead (in the time/frequency domain) is up to about 4/168 = 2.4%

2.2 Signalling overhead

Again considering the smallest supported TTI, consisting of two resource blocks, the pre-coding vector can be signalled to the user. Assuming a vector size of 16, requiring 4 bits, with ½ rate coding and QPSK modulation, this would require four symbols. However, if we assume that these signalling resources cannot be re-used simultaneously by other users, the overhead is effectively increased by the number of users, up to the number of transmit antennas.

 Therefore for the case of four transmit antennas the overhead in the (time/frequency domain) is up to about 16/168 = 9.5%

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 in MU-MIMO, and in particular any arising from the use of a dedicated phase reference.  

Since MU-MIMO is likely to be most effectively used at high SINR (i.e. low 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, this should be made orthogonal to the transmissions to other users in the same cell (as mentioned in section 2.1). Therefore the accuracy of this reference will mainly be subject to degradation due to inter-cell interference. However, the data symbol swill typically suffer from both intra-cell and inter-cell interference. This is equally the case for both a signalled pre-coding vector and a dedicated phase reference symbol.  Since in MU-MIMO we usually expect the intra-cell interference to be the more significant limitation on performance, this suggests 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 the following with respect to MU-MIMO:

1) The overhead in terms of time/frequency resources for signalling a pre-coding vector can be significantly greater than the use of a dedicated pre-coded phase reference (up to 6% depending on assumptions).

2) Errors due to interference on a dedicated phase reference seem likely to be significantly smaller than the effect of interference on the data symbols themselves. Therefore the higher accuracy of a signalled precoding vector may provide little benefit in throughput. This point may require further study.  

Therefore the use of dedicated pre-coded reference symbols for MU-MIMO should remain under consideration for UMTS LTE. 
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