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1 Introduction

For the E-UTRA, precoding has been discussed as one of key factors for the use of multi-input multi-output (MIMO) techniques [1] – [4]. Since it was already agreed to use unitary precoding for single user MIMO, we will focus our attention to the Multi-User MIMO case here. The achievable gain of precoding depends on various elements such as channel conditions, transmission scheme, level of feedback information, precoding type, and so on. Among them, the precoding types can be categorized into two approaches, unitary and non-unitary precoding. In [5], The performance comparison between the unitary scheme and non-unitary scheme of [5]-[6] was given. In this contribution, we investigate the performance of another non-unitary precoding scheme for MU-MIMO transmission based on given parameters by link level simulation. We also study the impact of codebook size on performance tradeoffs.
2 Unitary Precoding vs. Non-Unitary Precoding
We compare two different approaches of precoding (unitary and non-unitary) in MU-MIMO. When E is a unitary precoding matrix of a codebook, then EHE=I.  Each UE selects the best unitary matrix from the codebook, which has the highest CQI, and feeds back the index of the matrix to the Node B together with the corresponding CQIs. For 1 CQI feedback, the UE also needs to feed back the index of the layer of the precoding. Actually, this can be thought of as that the UE feeds back a precoding vector. At the Node B, for MU-MIMO, only 2 UEs selecting the same unitary matrix and different layers can share the spatial channel together (for non-unitary precoding, this restriction does not apply). Finally, the Node B selects the unitary matrix with the highest sum rate of all the layers as the precoding matrix for downlink transmission.

For non-unitary precoding discussed in this paper, the only difference with the unitary one is at the Node B side. All CQI calculations at the UE assumes unitary precoding. Based on the feedback, the transmit precoding matrix can be generated by combining any 2 vectors from the unitary precoding matrices in the codebook, so that any 2 UEs with different indices of vector feedback can share the spatial channel. This may result in a non-unitary precoding matrix, which will also result in a CQI mismatch between the feedback CQI and real transmit CQI because the Node B may choose a different interfering precoding vector than the UE assumed during CQI calculation. So we consider a threshold (ρ) to confine the CQI mismatch. In this case, only 2 vectors with correlation lower than the threshold can be combined together to form the precoding matrix. Finally, the Node B compares all the allowable combination and selects the one with the highest sum rate of all the layers as the precoding matrix for downlink transmission.

3 Simulation Assumptions

The simulation parameters are given in Table 1 and Table 2.
Table 1. OFDMA parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	0.5/7 ms

	Sub frame duration
	0.5 ms

	TTI duration
	2 Sub frames (1 ms)

	Number of RBs
	25 (0.18 MHz per RBs)

	MCS
	QPSK (R = 1/3, 1/2, 3/4)

16QAM (R = 1/2, 3/4)

64QAM (R = 3/4)


Table 2. Simulation assumptions
	Parameter
	Assumption

	Channel model
	Typical urban

	Scheduling
	Proportional fair

	Initial Target BLER
	10%

	Antenna configuration
	2 x 2, 

	Spatial correlation
	0.5

	Traffic model
	Full buffer traffic

	MIMO detector
	MMSE

	UE speed
	30 km/h

	Feedback delay
	2 TTI

	HARQ
	Chase combining (Max. ReTx: 8)


4 Numerical Simulation Results
We investigate the throughput performance of MU-MIMO using unitary and non-unitary precoding. Fig. 1 shows the performances of unitary precoding and non-unitary precoding with different codebook sizes for different number of users when the Geometry is 10 dB. For non-unitary precoding, the threshold of the correlation is set to be ρ = 0.4 as in [7]. 
We can see that:

1) For unitary precoding, smaller codebook sizes have better throughput performance.
2) For non-unitary precoding, an increase of the codebook size will improve the performance. But, when codebook size is larger than 8 vectors (3 bits), the gain is getting small. 
3) With the same codebook size of 8 vectors (3 bits) and 16 vectors (4 bits), the non-unitary precoding is better than the unitary precoding when the number of users is lower. For high number of users, unitary precoding is better. 

4) Even with codebook size of 16 vectors (4 bits), the throughput performance of the non-unitary precoding is still worse than that of unitary precoding with codebook size of 2 matrices (2 bits). 
Fig. 2 shows the throughput comparisons vs. Geometry when the number of users is 10. Even in a given user subset, unitary precoding performs better than non-unitary precoding when the number of users is 10.
5 Conclusions

      In this contribution, we compared the performance of two types of precoding and evaluated the tradeoffs by link level simulations. From the simulation results, it is observed that unitary precoding is better than non-unitary in terms of throughput performance and trade-off with feedback overhead. We propose to agree on using the unitary precoding for support of MU-MIMO in E-UTRA.
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Figure 1. Throughput performance comparison of unitary and non-unitary precoding (G = 10 dB)
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Figure 2. Throughput performance comparison of unitary and non-unitary precoding (number of users = 10)
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