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1 Introduction
In TSG RAN #32 it has been agreed that 3GPP will move forward with the standardization of MIMO for HSDPA, see [1], Section 9.4. The MIMO scheme to be used for FDD is a dual codeword MIMO scheme based on D-TxAA [2]. Besides other aspects of D-TxAA, it has not yet been discussed or decided what the size and the values of the possible precoding matrices in D-TxAA should be.

In this contribution we present system level simulation results that show the impact of using precoding codebooks of different size on the average per sector throughput. Based on the findings from these results, it is suggested that the precoding codebook would contain only 2 unitary 2x2 matrices that use the beamforming weight vectors that are already defined by the CLTD mode 1 antenna weights.
2 Precoding codebook definition
The set of predefined beamforming vectors that are available for MIMO operation according to the D-TxAA scheme is termed precoding codebook in what follows. Due to the current focus on two transmit antennas, see [3], it is further assumed that the available beamforming vectors are grouped into groups of two vectors, which form the set of available precoding matrices. Each of these matrices could be used to form two separate beams in D-TxAA that would carry two separately encoded data streams in case of dual stream scheduling in D-TxAA. In case of single stream scheduling, each of the available column vectors could be used for forming a single beam to a scheduled UE.
So far it is not clear what the codebook size for D-TxAA should be. Proponents of D-TxAA in 3GPP have used codebooks of size two so far, [4]
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[5]
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[6]
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[7], but it has not been discussed or evaluated whether larger codebook sizes would make sense. However, given that the potential gains even with a very large codebook (i.e. using an arbitrary number of precoding matrices) seem not to be significant due to the limitation to two transmit antennas (at least for the time being) and also taking into account to keep the D-TxAA operation as simple as possible, there might not be much motivation for going with larger codebook sizes. In this section we describe some options for the selection of the precoding codebooks that were used in system level simulations to evaluate potential gains.

2.1 Codebook size
Using a codebook size of 2 would allow for a total of 4 different beams for single stream transmission. For dual stream transmission there would be 2 groups of 2 beams that are defined by the column vectors of 2 precoding matrices with dimension 2x2. Only one selection bit would be needed per TTI to select 1 out of 2 precoding matrices. Additional selection information would need to be transmitted on the uplink to indicate preference of single versus dual stream transmission. In case of single stream transmission it would need to be indicated on which of the columns of the selected precoding matrix the single stream should be transmitted. 
If 2 bits for the selection of precoding matrices would be spent, a total of 4 different precoding matrices could be used in the codebook. This might allow adapting with a finer granularity to the desired precoding matrix and potentially increases MIMO throughput because of a potentially better separation between streams in the receiver, thus resulting in an increase of the per-stream SINR. Given that only 2 transmit antennas are available, the degrees of freedom for spatial stream separation are limited – in particular in channel conditions with angular spread – and therefore the potential gains with codebooks of size 4 relative to size 2 might not justify the additional complexity.

The increase of codebook size from 2 to 4 would require twice the amount of feedback bits in the uplink. Even larger codebook sizes would further increase the amount of control information to be signaled on the uplink. Not only the uplink signaling would be affected but also the downlink: As it was agreed to signal the chosen precoding parameters also to the scheduled UEs on the downlink, the increase of the precoding codebook size will have an impact on the amount of control information on the downlink as well. Furthermore, the larger the precoding codebook gets, the more hypothesis a UE has to evaluate in CQI reporting.
All in all the decision on the size of the precoding codebook is quite critical for a number of other L1 porcessing steps, signaling formats and required signaling bandwidth. Therefore, it is quite important to take that decision first, before all the other aspects that depend on the precoding codebook size are worked out.

2.2 Values of precoding matrices
The four possible weight vectors in closed loop transmit diversity mode 1 would actually allow to form two unitary precoding matrices. Using unitary precoding matrices would be quite desirable as in the case of a dual stream transmission (may it be for one UE or for two UEs), the resulting transmit signals’ covariance matrix would remain the identity matrix if the data streams are uncorrelated and the power on each stream is the same. Keeping the covariance matrix of the transmit signals unchanged would help to get a better and more robust adaptation of MIMO (and even non-MIMO) equalizers in the UE receiver.

The available weight vectors for CLTD mode 1 according to TS 25.214 (after taking into account the 2-slot averaging and the rotation of the reference constellation in each slot) are basically:
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(2.1)

The weight vectors defined in (2.1) can be subdivided into two groups to form two unitary matrices:
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(2.2)

with the properties


[image: image3.wmf](

)

(

)

{

}

2

,

1

,

2

x

2

)

(

H

)

(

H

)

(

)

(

Î

=

×

=

×

i

i

i

i

i

I

W

W

W

W

.
(2.3)

That means the transmit signals’ covariance matrix (for dual stream transmission and uncorrelated signals on each beam) would be the identity matrix. If such a set of matrices would be used for the precoding codebook, there would only be need for one bit to select the precoding matrix in (indication from the UE to the Node B) or to signal its use in the D-TxAA transmission (from the Node B to the UE), while keeping it simple (phase shift only) and in line with the desire to have unitary precoding matrices.

Larger codebooks with unitary matrices that also use phase shifts only (no amplitude differences across antennas within the weights of one beam) but with finer granularity of phase shifts could be generated by
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with a set of predefined phase shifts 
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. More complicated designs of precoding matrices could also allow for beamforming weights with phase and amplitude shifts. However, these kind of precoding matrices were not furthere investigates since the possibility of falling back to a single stream transmission already provides some level of power adjustment (rough waterfilling) and the introduction of the capability to use both phase and amplitude shifts for the beamforming weights might cause unnecessary high complexity on the Node B side.
3 Simulation results
Results from system level simulations according to the assumptions summarized in [8] are captured in Figure 1 and Figure 2. In Figure 1 the average per sector throughput when using 0, 1, 2, or 3 bit feedback for the selection of the preferred precoding matrix in the MIMO evaluation scenario as agreed in [5] are depicted. It is assumed that 1, 2, 4, or 8 precoding matrices as defined in (2.4) are available as a function of the number of feedback bits. The phase shifts used to generate the precoding matrices were uniformly distributed. In case of only 1 feedback bit, the precoding is equivalent of using the CLTD mode 1 precoding weights as defined in (2.2). Two different receiver architectures (LMMSE and IS-SIC) as well as two spatial multiplexing strategies (static 2-stream transmission and dynamic 1-stream/2-stream transmission) have been compared. The scheduling assumed in here is round-robin scheduling. 
From these results it can be seen that in the case of liner receivers and dynamic switching between 1-stream and 2-stream transmission, the expected gain between no feedback (fixed beams) and 1 bit feedback (2 precoding matrices) is below 4% relative throughput increase. Going from 1 bit feedback (2 precoding matrices) to 2 bit feedback (4 precdoing matrices), the additional throughput increase is below 1% for the same receiver architecture. The relative throughput gains in case of IS-SIC capable receivers is even smaller: The difference between no feedback and 1 bit feedback is below 2% in that case and also below 1% when going from 1 bit feedback to 2 bit feedback.
When there is no additional isolation between the serving cell and other cells, the results depicted in Figure 2 apply. The relative throughput increase when going from 0 bit feedback to 1 bit feedback is below 6% for linear receivers and below 4% for IS-SIC receivers. Going from 1 bit to 2 bit feedback would increase throughput by 1% or less in both cases.

In order to keep the D-TxAA scheme as simple as possible (UE needs to “try out” the available precoding matrices in order to determine what is the best for CQI reporting, all the uplink feedback and downlink signaling depends on the codebook size) and because of the very limited performance gain observed in the simulation results above, it is suggested to use the CLTD mode 1 weights in D-TxAA as contained in the precoding matrices defined by (2.2).
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Figure 1. Sector throughput as when using 0, 1, 2 or 3 bit  feedback with phase shift precoding matrices as defined  in (2.4); MIMO evaluation scenario with 6 dB isolation
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Figure 2. Sector throughput as when using 0, 1, 2 or 3 bit  feedback with phase shift precoding matrices as defined  in (2.4); MIMO evaluation scenario with no isolation
4 Conclusions
It is suggested that a precoding codebook size of two is used to support MIMO based on D-TxAA. Furthermore it is suggested that the precoding matrices in the precoding codebook should comprise of the CLTD mode 1 beamforming vectors grouped into 2 unitary matrices.
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