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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]. 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, precoding type can be categorized into two approaches, unitary and non-unitary precoding. In this contribution, we observe the performance comparisons of those two types of precoding and evaluate the tradeoffs based on given parameters by link level simulation. The performance bounds of different MIMO schemes are also shown for comparison purposes. 
2 Unitary Precoding vs. Non-Unitary Precoding
We compare two different approaches of precoding (unitary and non-unitary) in multi-user MIMO transmission (MU-MIMO) in terms of link level throughput when the active user set is given. We also study the impact of codebook size on performance tradeoffs. When E is a precoding matrix of a codebook, EHE=I for unitary precoding. For non-unitary precoding, the transmit precoding matrix can be generated by combining 2 vectors from the non-unitary precoding codebook, where the correlation of the combined vectors are lower than the threshold (ρ). In this case, EHE=I is not always satisfied. 
For MU-MIMO, CQI measurement at the UE and user scheduling with precoding at Node B are major differences in unitary and non-unitary precoding. In unitary precoding, each UE selects the best unitary matrix from the codebook which has the highest CQI. At the Node B, for MU-MIMO, only 2 UEs selecting the same unitary matrix and different layers can share the spatial channel together. In non-unitary precoding, each UE calculates the CQI for precoding matrix from combining any 2 precoding vectors. For each precoding vector, the UE uses the minimum CQI from all the allowable combinations. Finally, each UE feeds back the Index of the precoding vector with the highest minimum CQI. At the Node B, any 2 UEs with different indices of vector feedback can share the spatial channel.
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

	TTI duration
	7 OFDM symbols (0.5 ms)

	Number of RBs
	12 (0.375 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

	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
	3TTI

	Number of users
	10

	HARQ
	Chase combining (Max. ReTx: 8)


4 Performance Comparison of Unitary and Non-unitary Precoding

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 suggested in [5], [6] where this achieves the highest average capacity among all correlation values. For unitary precoding, smaller codebook sizes have better throughput performance. For non-unitary precoding, an increase of the codebook size improves the performance. But, when codebook size is more than 8 vectors (3 bits), the gain is negligible. Even when codebook size is 16 vectors (4 bits), its throughput performance 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.
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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)
5 Performance Bounds of SU-MIMO and MU-MIMO
We also compare different MIMO schemes for performance evaluation, in which the performance bounds of different MIMO schemes are also observed. In our simulation, the dirty paper coding (DPC) using iterative water-filling is considered as the upper bound of MU-MIMO, and that of SU-MIMO is SVD with water-filling power allocation. Other schemes for comparison include PARC, and receive diversity. All MIMO schemes except DPC bound follow the assumptions of Table 1 and 2. For upper bounds of the MIMO schemes, we use 2 CQIs feedback. In Fig. 3, DPC bound is positioned much higher than other schemes. However, for DPC performance perfect channel state information at Node B fed back from each UE is assumed. DPC MIMO is not practically implementable due to its heavy feedback overhead and complexity of transmitter and receiver. For SVD performance the unquantized perfect precoding is assumed. We can see from Fig. 3 that the upper bound of MU-MIMO outperforms that of SU-MIMO. 
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Figure 3. Performance bounds of SU-MIMO and MU-MIMO (number of users = 10)

6 Conclusions

      In this contribution, we observed the performance comparisons of those two types of precoding and evaluated the tradeoffs by link level simulations. The performance bounds of different MIMO schemes are also shown for comparison purposes. 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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