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1 Introduction

For the E-UTRA, precoding type can be categorized into two approaches, unitary and non-unitary precoding. Compared with unitary precoding non-unitary precoding has more freedom in scheduling, but the actual output SINR is less than the unitary precoding case. This contribution considered these two affects and compared the link level throughput of unitary and non-unitary precoding for MU-MIMO.

2 Unitary Precoding vs. Non-Unitary Precoding
2.1 Output SINR Loss of Non-unitary Precoding
For unitary precoding, a 2×2 general unitary matrix format is given by 
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[8]. When the codebook size is 4, 
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 is fixed to
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 is 4-order quantized uniformly, the structure of codebook element is given by
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. It can be regarded as 8 column vectors for vector based precoding and denoted with the general format 
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). For non-unitary precoding, the precoding matrix format is as
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. Commonly when the non-unitary precoding is used, the output SINR is less than unitary precoding case. In MIMO-OFDM system, the relation between channel transfer matrix and selected precoding vector can not be expressed simply, the output SINR of multi-carrier has to be combined to equivalent SINR by using non-linear method. Thus we can use statistical method to get the SINR loss of non-precoding and this process must consider the user scheduling. 
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Figure 1 SINR loss of non-unitary precoding

Figure 1 is the statistical result in actual precoding system. Considering 3 and 5 users case, each UE feedback the optimal precoding vector and the paired vector as well as the corresponding CQI of two streams, BS schedule and transmit the optimal group. When the two scheduled vectors are not orthogonal, the SINR loss is obtained by using statistic method. From Figure 1 we can see the SINR loss appears as a multiplicative coefficient under high SNR and the value is about 1.4. We will use this coefficient to estimate the non-unitary precoding SINR loss in the following simulations. It needs to point out that this coefficient is experiential and it depends on various elements such as the number of schedulable users, occupied bandwidth of single user, channel model, scheduling algorithm, and so on.
3 Selection of Precoding Operation Flow
3.1 Unitary Precoding Operation Flow
1. UE estimates the channels for all subcarriers and calculate the output SINR of each subcarrier.

2. Combine the output SINR of all subcarriers with EESM and chose the preferred precoding vector for UE through comparing the throughput of all precoding vectors. The vector that is orthogonal to the preferred precoding vector is as hypo-precoding-vctor. When the maximal value of throughput is not uniquely, the preferred precoding vector is chosen according to the hypo-precoding-vctor that has higher throughput.

3. UE feedback the preferred precoding vector and hypo-precoding-vctor as well as the corresponding output SINR to BS.

4. 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 user that engross two transmit streams, then chose transmission mode that has maximal throughput. The above mentioned feedback and scheduling approach did not ensure priority of multi-user precoding but can maximize the system throughput in unitary precoding. 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.

3.2 Non-unitary Precoding Operation Flow
For non-unitary precoding operation, it is same with unitary precoding in feedback (from 1 to 3), the difference is the users can be allowed to schedule when the precoding vector is non-orthogonal but the correlation is small. There are three scheduling approaches for non-unitary precoding:

(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 user that engross two transmit streams, then 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 user pair that has the maximal throughput to schedule and transmit. If there are no users can be paired currently, chose the single user that has the maximal throughput to schedule and transmit. This approach is named “non-unitary” in the simulation results.
(e) Due to the output SINR loss for non-unitary precoding, when we calculate throughput and chose MCS scheme, the SINR loss (according to Figure 1) 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.
4 Simulation Assumptions and Results
4.1 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


4.2 Simulation Results
Figure 2 is the performance comparison of SU-MIMO and MU-MIMO when the number of schedulable users is 5 and 10. The MU-MIMO result is based on “full unitary” in (a). It can be seen that MU-MIMO can get higher throughput than SU-MIMO.
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Figure 2 Comparison of SU-MIMO and MU-MIMO (5 and 10 schedulable users)
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Figure 3 Comparison of different precoding type (5 schedulable users)

Figure 3 present the performance comparison of different precoding type when the number of schedulable user is 5. From this figure we can conclude that

· “Full unitary” is the optimal precoding approach in the current feedback assumption because the global optimum transmission scheme is selected. 

· It will bring on SINR loss by using non-unitary precoding, but the statistic-based estimation of SINR loss just can ensure the accuracy of mean value, in each random event the SINR loss of non-unitary precoding can not be achieved compare to unitary precoding. If the SINR loss is underestimated, the expected throughput can not be reached due to the high order MCS scheme. But the overvalued SINR loss will also result in performance degrade.

· The throughput is increased with the coefficient
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increasing, this is because the affect of probability that use non-unitary precoding. When
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approaches to infinity it will become to unitary precoding case.  

· Assuming the CQI estimation of unitary precoding is accurate, non-unitary precoding is relative worse than unitary precoding in throughput and scheduling complexity due to the SINR loss.

From the above simulation results, non-unitary precoding is worse than unitary precoding because the SINR loss can not be estimate accurately. Thus we consider increasing the feedback information and UE operation complexity. If UE feedback 3 CQI information: the output SINR of preferred precoding vector, the output SINR of hypo-precoding-vctor, the output SINR of preferred precoding vector when using non-unitary precoding. In this case, we can study the scheduling gain and multi-user diversity without considering the estimate accuracy of SINR loss. 
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Figure 4 performance of non-unitary precoding with increasing feedback information

From Figure 4 it can be seen there is no throughput gain when the feedback information is increased for non-unitary precoding. 
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Figure 5 performance of non-unitary precoding with increasing feedback information（SNR=4dB）
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Figure 6 performance of non-unitary precoding with increasing feedback information（SNR=10dB）
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Figure 7 performance of non-unitary precoding with increasing feedback information（SNR=16dB）

From Figure 5 to Figure 7 we can see non-unitary precoding has throughput superiority compared to unitary precoding only when there are few schedulable users at the same time the SNR is low. 
5 Conclusion

In this contribution, we observed the performance comparisons of unitary and non-unitary precoding. We can draw the following conclusions from simulation results:

· Compared to unitary precoding, non-unitary precoding has output SINR loss. The statistical SINR loss can be described with linear approximation.

· When the feedback information is same for two precoding approaches, unitary precoding outperforms 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. 
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