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1. Introduction
Support of pre-coding has been agreed for MIMO in LTE, both for FDD and TDD. For FDD, The use of a codebook is a natural choice, since it, unlike TDD, cannot rely on channel reciprocity. For TDD, there are two approaches for pre-coding under consideration, non-codebook-based pre-coding and codebook-based pre-coding similar to FDD. 
In previous contributions [1] [2], we evaluated the performance of non-codebook based precoding with ideal channel estimation. In this paper, simulation results are given for pre-coding in TDD with some realistic assumptions, e.g. channel estimation, uplink sounding feedback delay, and uplink and downlink calibration accuracy. 
2. Simulation setup
2.1.  Pre-coding matrices
For TDD, there are two approaches for pre-coding
· Non-codebook based pre-coding: Pre-coding matrices are generated by singular value decomposition (SVD) of the channel matrix H which is from uplink. 
· Codebook-based pre-coding: Codebook used in our simulation is based on Grassmanian codebook [3], with design criterion max-min SINR.
2.2. Simulation assumptions 
For comparison with realistic assumptions the following simulation assumptions listed in Table 1 will be used.
Table 1, Simulation realistic assumptions for downlink pre-coding MIMO
	
	Non-codebook based pre-coding
	Codebook based pre-coding

	Channel estimation for downlink data demodulation
	ideal
	ideal

	Channel estimation for precoding 
	Real (LS)
	Real(LS)

	Feedback delay
	0.675ms 
	3.0375ms 

	Calibration error
	1dB in magnitude, 3 degree in phase
	N/A

	Codebook size
	N/A
	 16

	Feedback error
	N/A
	4%, when the error occurs, select randomly a wrong pre-coding matrix.

	Downlink control signalling error
	N/A
	0.2%, when the error occurs, select randomly a wrong pre-coding matrix.


The detailed simulation models with realistic assumptions are discussed in following.

· Pre-coding delay modelling
In TDD, the minimal pre-coding delay of non-codebook based pre-coding is 0.675ms, i.e. the pre-coding matrix is decided by the CSI in TS3, see figure 1a. The minimal pre-coding delay of codebook-based pre-coding is 3.0375ms, i.e. the pre-coding matrix is decided by the CSI in TS0, see figure 1b. The ratio of up/down time slot in figure 1 is 3:4. The minimal pre-coding delay is assumed for both simulation cases. 
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a) For non-codebook based pre-coding
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b) For codebook based pre-coding
Figure 1, pre-coding delay modelling
·  Calibration error modelling
For UE, assuming that the transmitted and received signals without calibration error are
[image: image3.wmf]UE

n

s

, 
[image: image4.wmf]UE

n

r

 (n=1, 2), the transmitted and received signals with calibration error will be
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Where 
[image: image9.wmf]x

denotes the modulus of x and 
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are the calibration error of amplitude (dB) and phase (degree), respectively. 
For Node B, similarly, assuming that the transmitted and received signals without calibration error are
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 (m=1…4), the transmitted and received signals without calibration error will be
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· Feedback error and control signalling error modelling
Regarding to the simulation assumption in [4] for R7 MIMO evaluation, here the feedback is also set as 4%, which is also assumed uncoded PVI feedback, and downlink control signalling error is also set as 0.2%. A wrong pre-coding matrix shall be selected randomly when error occurs.
3. Simulation parameters and result
The detailed simulation parameters are listed in table 1. 
Table 1, Single user throughput simulation parameters for downlink pre-coding MIMO
	Parameter
	Assumption

	Bandwidth
	5MHz

	Carrier frequency 
	2.0GHz

	Basic transmission parameters
	See Table 7.1.1-2 in TR25.814 [1] with alternative TDD frame structure

	Number of used PRBs
	1

	PRB size
	12

	Modulation and coding rates
(for adaptive MCS)
	QPSK (R=1/5  1/4  1/3  1/2  2/3  3/4  4/5) 
16-QAM (R=1/2  2/3  3/4  4/5)

 64-QAM (R=2/3  3/4  4/5 )

	Code type
	3GPP turbo code

	Retransmission number in HARQ
	3

	Antenna configuration
	4x2, The antenna spacing at transmit is 4 wavelengths

	Channel model
	SCM, TU 12ray

5 degrees RMS angle spread at Node B

35 degrees RMS angle spread at UE

	MIMO detector
	MMSE

	UE speed
	3km/h

	Target BLER
	1%


All the simulations are based on 2 codewords, i.e. two separately-coded data streams with different MCS for each stream. Different pre-coding matrix is calculated for each consecutive 12 sub-carriers (i.e., 1PRB).  
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Figure 1, Simulation results for pre-coding
The simulation results are shown in figure 1, for non-codebook based pre-coding, calibration and no calibration are both considered. From the simulation results, it can be found that [4.7%-9.2%] throughput gain can be achieved when considering calibration error. It is noted that the calibration error may be reduced by efficient calibration algorithm and keeping elements more identical. When there is no calibration error, the throughput gain can reach [6.8%-14.4%]. It should be noted that the using ideal channel estimation for downlink demodulation will not affect comparison results, because ideal channel estimation is used for both non-codebook based pre-coding and codebook based pre-coding.
Anyway, with non-codebook based pre-coding, the pre-coding matrix feedback overhead can be reduced in uplink and downlink. It should be noted that the uplink sounding reference signal can also be used for uplink channel-dependent scheduling, and downlink reference signal overhead is also be reduced with dedicated reference signal [5]. So, it can be concluded that, non-codebook based pre-coding should be supported in EUTRA at least for TDD operation.
4. Conclusions

In this paper, simulation results are given for pre-coding in TDD with some realistic assumptions, e.g. channel estimation, uplink sounding feedback delay, and uplink and downlink calibration accuracy. From the simulation results, it can be concluded that non-codebook based pre-coding can obtain higher performance when considering realistic assumptions. And considering the feedback overhead reduction, it is proposed that non-codebook based pre-coding should be supported in EUTRA at least for TDD operation.
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