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1. Introduction

3GPP’s LTE-Advanced is expected to support 8 transmit antennas at the base and 8 receive antennas at the UE. This multitude of antennas leads to numerous possible MIMO schemes for the LTE-A downlink channel. However, it is critical to identify a small good subset of these many possible schemes due to signalling and complexity considerations.
In this contribution we demonstrate the performance of the downlink 8x8 SU-MIMO as a function of the numbers of codewords with MMSE and SIC receivers. It is shown that the Rel. 8 selection of 2 code words is also a sensible selection for LTE-A. 
2. Number of codewords for 8x8 SU-MIMO
The maximal number of codewords in spatial multiplexing directly affects the control overhead (number of CQI reports, number of HARQ processes) and the UE complexity. In Rel-8 the number of codewords was limited to 2 in view of the small performance advantage of larger numbers of codewords in 4X4 configurations. With LTE-A the effect of this number needs to be evaluated in order to determine the optimal trade-off between data throughputs, signalling overhead and complexity [1].
We evaluate the performance using a link level simulator with ideal link adaptation and channel estimation. The layer-to-codeword mapping is based on an extension of Rel-8 to 8 layers. Since the specific codebook for LTE-A is not yet decided, we examined two precoding codebooks: one being the direct-product precoder described in [2] which is a straightforward extension of the existing Rel 8 codebook and the other being a DFT precoder described in [3] that was also considered for Rel 8. 
Figures 1 and 2 show the spectral efficiency as a function of the maximal number of codewords (2,4,6 and 8CW) with an MMSE receiver for both precoders. As can be seen the loss due to limiting the number of codewords to 2 is negligible. Note that an effort was made to examine a worst case scenario that will emphasize the 2CW losses so that: 1.) a UE with 8 Rx antenna was assumed; 2.) the Tx & Rx antenna correlation was assumed to be zero; and 3.) a flat fading channel was used so as to maximize the variability between the different layers. 

Figures 3 and 4 show the results for a SIC receiver. At the highest SNR region one can see some loss (up to 5%) in performance when the maximal number of codewords decreases from 8 to 2. However, we expect that for a non-ideal SIC receiver this loss will be much smaller. Again the above uncorrelated 8x8 flat fading channel set-up was assumed.
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Figure 1: Spectral efficiency with different number of codewords, MMSE receiver, direct product CB
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Figure 2: Spectral efficiency with different number of codewords, MMSE receiver, DFT CB
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Figure 3: Spectral efficiency with different number of codewords, SIC receiver, direct product CB 
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Figure 4: Spectral efficiency with different number of codewords, SIC receiver, DFT CB 

3. Conclusions

We examined the performance of LTE-A downlink 8x8 SU-MIMO with different number of codewords. With MMSE receiver we showed that there is a negligible loss from limiting the maximal number of codewords to 2. With a SIC receiver such a limitation incurs a marginal loss at high SNR, but we expect that with practical link adaptation and channel estimation even this loss will disappear. These results were obtained under a worst case set-up of uncorrelated 8X8 flat fading channel. We therefore recommend limiting the maximal number of codewords to 2, which is also backwards compatible with today’s Rel 8.
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