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1. Introduction

According to the E-UTRA DL requirements in [1], the targets of E-UTRA cannot be achieved by single stream transmission. As a consequence, multi-stream transmission from the base station needs to be an integrate part of the E-UTRA functionality and therefore needs to be standardized as a set of E-UTRA features. When multiple streams are transmitted, it is possible to either encode the streams jointly (single codeword) or separately (multiple codewords). Use of multiple codewords allows for adjusting the code-rates of the streams separately, and also gives the possibility to use serial interference cancellation receivers. Single codeword approach results to less feedback and possibly to different type of receivers.
In this contribution, we study how the possibility of per stream code rate adaptation affects the performance of radio link by utilizing modular receiver structures with separate demodulation and decoding. It is shown that the performance difference between the two approaches depends crucially on the receiver. 
2. Simulation parameters
In this contribution we study the performance of single and multiple codeword approaches in case of LMMSE and reduced complexity ML receivers. We do not consider post decoding IC, and hence the results reflect solely the differences in the flexibilities of the two approaches. The results have been created assuming the basic OFDMA parameter set for the 10MHz case and the frame timing of [2]. Other basic simulation assumptions can be found in Table 1. 
	OFDM parameters
	According to [2], 10MHz case (600+1 subcarriers)

	Subframe length
	0.5ms according to [2]

	Antenna setup
	2TX and 2RX antennas

	Channel model
	Urban Micro

	UE speed
	v=3km/h

	CSI feedback delay
	4 subframes

	Resource block size
	600 subcarriers (adaptation over full bandwidth)

	Allocated for the user
	Whole subframe (all resource blocks)

	Considered Modulations
	QPSK, 16QAM and 64QAM

	Considered Receivers
	LMMSE, QRD-M with M=16

	Code rate
	1/3, ½, 2/3, ¾, 8/9

	Channel estimation
	Real channel estimation


Table 1. Simulation parameters 
3. Results

Differences between the single and multiple codeword approaches are depicted in Figure 1. It can be seen that in case of LMMSE receiver, the possibility of having independent codewords for the two streams increases the throughput. However, in case of more sophisticated reduced complexity ML receiver the benefit obtained from this additional flexibility and also from the increased amount of feedback is not visible.  
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4.  Conclusion

We have preseted results regarding the performance difference between single and multiple codeword approaches for spatial multiplexing. The main findings are as follows
· In case of LMMSE receiver, multiple codeword approach outperforms the single codeword approach.

· For QRD-M receiver the performance of the two approaches is approximately the same.
It can hence be concluded that the performance difference between the single and multiple codeword approcaches depends crucially on the applied receiver. With an advanced receiver in a modular receiver architecture, a multiple codeword approach does not provide gains. 
References
[1] 3GPP TR25.913, “Requirements for Evolved UTRA and UTRAN”
[2] TR 25.814, “Physical Layer Aspects of Evolved UTRA”
