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366 Transmit beamforming

4x2 TxBF

2x4 SDM w/ MRC

Figure 131  System advantage with 4 x 2 TxBF.

The 802.11n standard does not dictate a specific approach for determining the trans-
mitter weighting matrix. However, the most common approach is using singular value
decomposition to calculate the transmitter weights.

13.1 Singular value decomposition

The singular value decomposition (SVD) of the channel matrix H is as follows:
Hysir = UnxnSnxmVagxm (13.2)

where Vand U are unitary matrices, S is a diagonal matrix of singular values, and V* is
the Hermitian (complex conjugate transpose) of V. The definition of a unitary matrix is
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13.2 Transmit beamforming with SVD

Using the property of unitary matrices, we solve for the elements of Vas follows:

V3 Vi V2| —1
V4 Vi Vi - 0

ViV | M1

V3 -—V3 0
vty - 1
vk gen] L0

From v12 - v32 =0, we determine that v12 is equal to v3*. And from v12 +v32 =1, we arrive
atthe result of vy, v3 = \/- The same steps are taken to solve for the elements of U, which
also has the result that u;, u; = f Therefore,
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using Eq. (13.2).

Beyond this simple 2 x 2 example, SVD is computed numerically. LAPACK provides
routines to solve SVD (Anderson ef al., 1999). The SVD function in Matlab® uses
LAPACK subroutines.

Transmit beamforming with SVD

For this section, we assume the transmitter and receiver have full knowledge of the
channel state information. Subsequent sections discuss feedback mechanisms to acquire
the channel state information. Therefore, given knowledge of H, the matrix . V'is calcu-
lated by SVD according to Eq. (13.2). Subsequently, the first Ngg columns of Vare used
as transmit weights in Eq. (13.1).

The motivation behind using the matrix ¥ calculated by SVD is that it results in
maximum likelihood performance with a linear receiver, greatly simplifying receiver
design. We prove this as follows.

The maximum likelihood estimate of X from the received signal ¥ described by
Eq. (13.1) is given by the following equation, as discussed in Section 3.7:

X :argn/{,in W—H-vV-X| (13.5)
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