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1. Introduction

In [1] we provided performance comparison between unitary and non-unitary precoding for MU-MIMO. In this contribution we study the impact to performance due to the using probability of different precoding case. 
2. Selection of Precoding Operation Flow
In this section, we describe the precoding operation flow in BS side. The details on precoding codebook format and preferred precoding vector selection are provided in [1]. For unitary and non-unitary precoding, the codebook format is 
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 respectively. The selection criterion of preferred precoding vector is maximizing the sum throughput through comparing all precoding vectors.  

For unitary precoding, BS operation can be categorized into two approaches:

a) BS pairs all UE according to the feedback precoding vector, if the preferred precoding vectors of different users are orthogonal, the pairing is permited. Calculate the total throughput of all user pairs and the throughput of all single users that engross two transmit streams, chose transmission mode that has maximal throughput. This scheduling approach is named “full unitary” in the simulation results.

b) Considering the multi-user case preferentially, chose the user pair that has the maximal throughput to schedule and transmit if the multi-user can be paired. If there are no users can be paired currently, calculate the throughput of all single users that engross two transmit streams and chose the user that has the maximal throughput to schedule and transmit. This approach is named “unitary” in the simulation results.
For non-unitary precoding, BS operation can be categorized into three approaches:
c) If the preferred precoding vectors of different users are orthogonal or the correlation is small, the pairing is permitted. Calculate the total throughput of all user pairs and the throughput of all single users that engross two transmit streams, chose transmission mode that has maximal throughput. This scheduling approach is named “full non-unitary” in the simulation results.

d) Pair the users whose preferred precoding vector are orthogonal and chose the transmission user pair. If there are no orthogonal users, then pair the users whose preferred precoding vector is non-orthogonal but the correlation is small and chose the transmission user pair. If there are no users can be paired, consider the single user case. This approach is named “non-unitary” in the simulation results.

e) Compared with unitary precoding, the SINR loss appears as a multiplicative coefficient
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 for non-unitary precoding [1], when we calculate throughput and chose MCS scheme, the SINR loss can be counted in. Thus we can reselect the MCS scheme and evaluate the throughput. In this approach, for non-orthogonal pairing, the SINR of two users are divided by a coefficient
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firstly, and then calculate throughput and chose MCS scheme. It is named “CQI reduce” in the simulation results. All the “CQI reduce” results are based on “full non-unitary” approach.
From above description, there are two precoding cases for unitary precoding: orthogonal multi-user case and single user case. And for non-unitary precoding there are three precoding cases: orthogonal multi-user case, non-orthogonal multi-user case and single user case. The throughput performance will be affected by using probability of different precoding case.
3. Simulation Assumptions and Results
3.1 Simulation Assumptions

The simulation parameters are given in Table 1.

Table 1 List of simulation parameters

	System Bandwidth
	10MHz

	Frame duration
	0.5ms

	Symbols/frame
	7

	FFT Size
	1024

	Useful Carriers
	600 (24 RB)

	MCS
	QPSK, Rate 1/3

QPSK, Rate 1/2

QPSK, Rate 2/3

QPSK, Rate 3/4

16QAM, Rate 1/2

16QAM, Rate 2/3

16QAM, Rate 3/4

64QAM, Rate 1/2

64QAM, Rate 2/3

64QAM, Rate 4/5

	Channel Estimation
	Error-free channel estimates assumed

	Channel Model
	Pedestrian B, 6-path

	Antenna Configuations
	(2Tx ,2Rx)

	UE speed
	3 km/h

	Receiver
	MMSE Receiver


3.2 Simulation Results
Figure 1 present the performance comparison of different precoding type when the number of schedulable user is 5. Figure 2 ~ Figure 4 is the using probability of different precoding case in different precoding type. 
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Figure 1 Comparison of different precoding type (5 schedulable users)
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Figure 2 probability of different precoding case in non-unitary precoding
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Figure 3 probability of different precoding case in unitary precoding
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Figure 4 probability of different precoding case in non-unitary precoding (count SINR loss in)
From Figure 1 to Figure 4, we can find:

· “Full unitary” is the optimal precoding approach in the current feedback assumption, non-unitary precoding is relative worse than unitary precoding in throughput due to the SINR loss.

· Under low and moderate SNR, due to the probability of non-orthogonal multi-user case is relatively high in “full non-unitary”, the throughput of “full non-unitary” is very low.
· In unitary precoding, when different precoding case used together, more throughput can be obtained. 
· With the increasing of estimation coefficient
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, the using probability of non-orthogonal multi-user case decreases, and the throughput increases. Thus, the increase of throughput does not rest with the accuracy of CQI estimation but due to the affect of probability of non-orthogonal multi-user case. 
4. Conclusion

In this contribution, we study the impact to performance due to the using probability of different precoding case. From simulation results we can find that the using probability of different precoding case will affect the throughput performance, when the using probability of non-orthogonal multi-user case is high, the performance will be degraded. Furthermore, according to the conclusion in [1], unitary precoding outperforms non-unitary precoding due to the SINR loss of non-unitary precoding; when the feedback information is increased, non-unitary precoding has throughput gain compared to unitary precoding but only when the number of schedulable user is small and the SNR is low. Considering above factors, we propose to adopt unitary precoding for support of MU-MIMO in E-UTRA.
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