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1. Summary

In [1], we presented the performance of unquantized precoded MIMO and compared it with PARC. In this contribution we present the performance with a basic quantization scheme akin to the closed loop transmit diversity (TxAA) mode 1 scheme of HSDPA.  Since at lower SNRs single stream transmission is expected to perform better than dual stream, we also present single stream results which defaults to TxAA for the pre-coding method and either selection transmit diversity (STD) or a space time block code (STBC) for the PARC method.

We see that the performance gain over PARC is still significant even with the quantization loss.  In these simulations, we observe performance gains as high as 20% over PARC.

2. discussion

We simulate the well known family (see e.g. [
]) of closed loop MIMO and transmit diversity approaches that use orthogonal sets of transmit adaptive array (TxAA) weights.  The TxAA weights can be calculated for each OFDM resource block as the right singular vectors of a flat fading channel matrix.  That is, the unquantized weight can be calculated using the SVD (which is defined in e.g. [
]):
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Where:
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is an (MxN) matrix of complex channel matrix coefficients for each resource block, with each element corresponding to the channel between one of the M UE receive antennas and N transmitting antennas
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are the matrices of left and right singular vectors, respectively, and 
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 is the diagonal matrix of singular values.

The quantization procedure uses one of the antennas as the reference. The weights (i.e. the columns of V) are then quantized using two bits to represent the phase of each of the remaining antennas relative to the reference antenna. We equalize the gain of each antenna such that the total transmit power is conserved. The TxAA weights for each resource block are adapted independently.  The MIMO streams are coded independently, transmitted at equal power, and their data rates are adjusted independently.

The PARC [
] simulations are quite similar.  The only difference from the precoded case is that the TxAA weights are not used.  One stream is transmitted on each antenna, and the modulation and coding selection (MCS) states on the antennas are adapted to maximize throughput. The MCS adaptation as well as the antenna weight adaptation can be performed for each resource block (RB) or commonly for all resource blocks. The simulations use one MCS for all RBs. Furthermore, each stream is coded and adapted independently, that is, multi-codeword transmission is used.

As in [1], we consider both the cases where the UE antennas and Node B antennas are and are not correlated.  In the correlated case, we assume a modest amount of inter-element correlation at the base and at the UE (magnitude of 0.4) as a simple example.   The remaining simulation assumptions are given in the appendix.

Figures 1 and 2 below show the results.  We observe that even with quantization loss, precoding provides as much as 10% gain over PARC at SNRs in the range 10-20 dB, and as much as 18% at SNRs below 10 dB (single stream), for the uncorrelated case.  In the correlated case, the gains are greater, around 20% in the whole range of SNRs shown. 
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Figure 1: Performance of Precoding with Quantized Weights, UE Antennas Uncorrelated
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Figure 2: Performance of Precoding with Quantized Weights, UE Antennas Correlated (0.4)

3. ReferenceS

Appendix: Simulation ASSUmptions

Table 1 shows the modulation and coding selection (MCS) levels used. The remaining assumptions are shown in Table 2. 

Table 1: MCS Level and CQI value 

	Bit/Modulation Symbol
	Modulation and Coding

Selection (MCS)

	0.5
	R=1/4, QPSK

	1
	R=1/2, QPSK

	1.5
	R=3/4, QPSK

	2
	R=1/2, 16QAM

	2.5
	R=5/8, 16QAM

	3
	R=3/4, 16QAM

	3.6
	R=3/5, 64QAM

	4
	R=2/3, 64QAM

	4.5
	R=3/4, 64QAM


Table 2: Simulation parameters

	Parameter
	Value
	Remarks

	Bandwidth
	5 MHz
	

	Sub-carrier Spacing
	15 kHz
	

	Total Number of sub-carriers
	300
	

	Resource block size
	25
	Sub-carriers

	Number of Resource blocks
	12
	

	TTI size
	0.5 ms
	

	Number of symbols per TTI
	7
	

	Channel Estimation
	Ideal
	Perfect knowledge 

at Node B and UE

	CQI Estimation
	Ideal
	

	Channel Model
	Vehicular A
	

	Max retransmissions
	3
	With combining

	Rate Matching
	Modified from TS25.212
	

	Node B Tx, UE Rx Antennas
	2,2
	

	Antenna Correlation 

At Base and At UE
	0 or 0.4
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