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1. Introduction

This contribution proposes a codebook design for downlink precoding that provides very low computational complexity at the UE while providing near optimal performance.  The elements of the codebook matrix are chosen from the set {-1,+1,-j,+j} (for all ranks) which eliminates the multiplications needed when computing the product of the codebook matrix and the measured downlink channel.  Since these multiplications dominate the computations at the UE, the computational complexity in choosing a codebook matrix is greatly reduced.  To reduce the computational complexity even further, the codebook is also designed using the Householder transformation [3].
Advantages of using a codebook designed with elements consisting of {-1,+1,-j,+j} plus the Householder transformation are:

· Very low computational complexity at the UE because the multiplication of the codebook weight with the measured downlink channel is replaced with conjugations, negations, and additions.
· Codebook matrices designed with this set of elements can still have near optimal performance.
· The codebooks are constant modulus thus guaranteeing equal power transmission from each antenna (especially important for rank 1 transmissions).

· Up to rank four transmission is supported with these codebooks.

· The Householder structure can further simplify the SINR calculation for rank 2 and rank 3 [3].

2. Simulation Results
Table 3.
Simulation parameters.

	Parameter
	Value

	Carrier Bandwidth
	10 MHz

	TTI Duration
	1.0 ms

	FFT size
	1024

	Sampling rate
	15.36 MHz

	Propagation channels
	SCM-E Urban Macro (15 deg. A.S.); 

(tx,rx) spacing: (4,0.5)(

	Channel estimator
	Near-ML time of arrival estimator [1]

	Code type
	3GPP turbo code

	Modulation and coding rates
	1/6 QPSK, ¼ QPSK, 1/3 QPSK, ½ QPSK, ¾ QPSK, ½ 16-QAM,  ¾ 16-QAM, ¾ 64-QAM, 5/6 64-QAM

	# of TX antennas at Node B
	4

	# of RX antennas at UE
	2

	# of data streams
	1 or 2 (UE decides on number of streams at same time it chooses the modulation and coding rate)

	# of codebook vectors matrices
	16 (4 bits)

	Receiver method
	Linear MMSE combining

	HARQ method
	Chase combining

	Max. # of retransmissions
	4


SU-MIMO is tested using the simulation parameters shown in Table 1.  There are four transmit antennas at the Node B and two receive antennas at the UE.  All results are for up to two separately-coded data streams with the modulation and coding rate (MCR) fed back for each stream (one MCR level (per stream) is fed back for all RBs).  A different codebook matrix is fed back for each consecutive group of 24 subcarriers (i.e., 2 RBs) and an entry out of a matrix codebook containing unitary 4x2 matrices is fed back to the Node B.  Two codebook designs are compared.  The first is the DFT matrix from [2] with b=0,1,…,15 and the second is the codebook proposal from this contribution (i.e., codebook elements are chosen from {-1,+1,-j,+j}).  The UE uses a near-ML time of arrival (TOA) channel estimator [1] to estimate the channel to each antenna (using the working assumption resource symbol format).  For these results the MCR, the number of data streams (rank), and codebook feedback are sent error free.
Figure 1 shows throughput results with 4 Node B antennas for the proposed codebook and the DFT codebook.  The throughput performance of the proposed codebook and the DFT codebook had similar performance, however the proposed codebook has a much lower computational complexity at the UE.
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Figure 1. SU-MIMO throughput results for  4 transmit antennas at the Node B, up to 2 data streams, and 2 receive antennas at the UE.  Linear MMSE combining is employed.  The open-loop SU-MIMO adapts the modulation and coding rate for each stream as well as the number of streams.
3. Conclusions

This contribution proposes that EUTRA precoding uses a codebook designed using the Householder transformation and with elements consisting of {-1,+1,-j,+j}.  Codebooks constructed in this manner have the following advantages:  1) Very low computational complexity at the UE because the multiplication of the codebook weight with the measured channel is replaced with conjugations, negations, and additions.  2) Codebook matrices can be designed to have near optimal performance.  3) The codebooks are constant modulus thus guaranteeing equal power transmission from each antenna (especially important for rank 1 transmissions).  4) Up to rank four transmission is supported with the codebooks.  5) The Householder structure can further simplify the SINR calculation for rank 2 and rank 3  For these reasons it is proposed that the codebook matrix be constructed with elements consisting of {-1,+1,-j,+j} plus the Householder transformation.
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