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1
Introduction
As in [1], dual layer BF can efficiently improve DL throughput by nearly 20 percent. In order to make full use of channel reciprocity of TDD system, the antennae calibration should be considered. The eNB antennae calibration has been agreed, however many companies expressed different views about UE antennae calibration need to be carried out or not. In [2], the summary of email discussions proposed to evaluate the performance loss due to the UE TX-and RX-mismatch.

In this paper, we evaluate impact of calibration error of UE antennae on CQI and throughput.
2
Modelling of Tx and Rx Mismatch 
Let’s define:
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are RF factors respectively in Tx chain and Rx chain for antenna i (i=1…n) at eNB, and 
[image: image3.wmf]l

UE

T

、
[image: image4.wmf]l

UE

R

are RF factors respectively in Tx chain and Rx chain for antenna l(l=1…m) at UE[3]. Assuming calibration between Tx chain and Rx chain for each antenna at eNB was perfectly done

The SRS transmission in uplink is based on antenna switching at UE, and that means there is only on RF path in transmission side. So there is no issue on calibration of antenna at transmission side. Therefore this paper focus on Rx paths exist calibration error at UE. 

Then DL propagation channel which signal experienced from eNB to UE is:
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Where H is actual propagation channel between eNB antennae and UE antennae. Consider Tx/Rx mismatch UE only, assume 
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is unity diagonal matrices, 
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is the error factor which should to be calibrated. Therefore：
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Now we use the ideally calibrated channel in DL to derive the precoding vector 
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based on EBB algorithm, the obtained precoding vector will satisfy the following equation:
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Where 
[image: image13.wmf]l

 represents the eigenvalue of the ideal calibrated channel. When there is calibration error rearranging the equation we get
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Further, model the calibration error as the following diagonal matrix[4]:
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 represent the amplitude and phase error between 
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 Rx and Tx chain at UE, respectively. 
where 
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 is corresponding eigen vector of channel covariance matrix.

When with calibration error
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is real scale, i.e. biggest and second biggest eigenvalues, 
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is complex number caused by calibration error.

Then the received signal is 
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Where 
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are precoding vector of corresponding
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, X is 
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vector of two layer, N expresses noise.
After equalization the signal is
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Assume each code of dual layer is independence, the middle term can be seen as interference in (8).

The SINR of data signal can be expressed:
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where 
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is the power of signal、interference、noise respectively.
The calibration error can bring additional interference, and more important, it impacts the eigenvalues of channel matrix, and arouses severe divergence of two eigenvalues.

Calibration error will result in mismatched MCS selection because CQI feedback is based on the evaluated SINR of each stream. When calibration largen the SINR, system will transmit data based on higher MCS level, it can bring higher BER. The other way round, system will transmit based on lower MCS level, it can result in throughput degradation. The far-flung error impact the link performance greatly. 
3 Impact on throughput 
Optimal selection of rank number and CQI index play an important role in system throughput. The differences between eigenvalues impact on the decision of rank number. The absolute values of eigenvalues impact on the selection of CQI levels of each stream. If the receiver obtained less channel gains or intensity of signal, it would transmit data at lower CQI level, namely less data rate and throughput. So evaluate impact of calibration error on CQI levels is very important.
In the following, the elements of calibration error matrix 
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 in equation (5) are diagonal matrix. Amplitude divergence is 1dB between two antennae and 
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 is normalized, phase calibration factor is neglected. Figure 1、2 is CQI level curve of first stream in different SNR at transmitter.
[image: image39.emf]0 50 100 150 200 250 300 350 400 450 500

7.5

8

8.5

9

9.5

10

10.5

Block Index

CQI level

 

 

w/o error

with error


                       Fig.1  6dB curve of CQI level vs. block index (the first layer)
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                              Fig. 2   8dB CQI level vs. block index (the first layer)

From above figures we can see that calibration error impact the CQI selection of transmission. Figure 3 is the throughput curve of no calibration error vs. with calibration error 1dB. 
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                          Figure 3 throughput curve of no calibration error vs. calibration error 1dB

From figure 3 we can see that calibration error fiercely impact the link performance. In 8dB SNR, the throughput without calibration error is 2.656235 and it declined to 2.364585 when with calibration error. Performance loss is 10.98%. Figure 3 displayed that calibration at UE is needed. From simulation we also find the effect that calibration error impact intensity of received signal is more than that caused by precoding vector mismatch.
4 Conclusion
UE calibration is needed to fully exploit channel reciprocity for DL BF in TDD, for the amplitude of calibration error impact the link performance. It impact the CQI selection and throughput, and the effect that calibration error impact on intensity of received signal is more than that caused by precoding vector mismatch. UE calibration should be to carry out in Dual-layer BF.
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Appendix 

                                    Simulation parameters
	Parameter
	            Assumption

	Carrier Frequency
	2.0 GHz

	system bandwidth
	20MHz

	UE Speed
	3km/h 

	Number of Antennae
	8×2 

	Channel Model
	SCM-E(urban_macro)

	Calibration error modeling
	Perfect calibration at eNB. 

calibration error at UE.

	CodeWord
	2

	Number of Layers 
	2

	AMC
	CQI calculation based on UE received signal

	Rank Adaption 
	fixed rank=2

	Harq
	NO

	BF processing
	Eigenvector based beamforming (EBB) based on UL channel in TDD

	PDSCH Channel Estimation
	LS

	number of PRBs
	6 

	DetectionType
	MMSE
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