Vector Orthogonal Frequency-Division Multiplexing

Vector orthogonal frequency-division multiplexing (VOFDM) was proposed by Xiang-Gen Xia in 2000 in
[1] [2] for single transmit antenna systems. VOFDM replaces each scalar value in the conventional
OFDM by a vector value and is a bridge between OFDM and the single carrier frequency domain
equalizer (SC-FDE). When the vector size is 1, it is OFDM and when the vector size is at least the channel
length and the FFT size is 1, it is SC-FDE.

In OFDM systems, assume [V is the number of subcarriers, i.e., the FFT size, and a discrete time signal of
length N, z,,0 <n < N —1, is to be transmitted. One takes the N-point inverse FFT (IFFT) of
T,,0 < n < N — 1, and obtains another discrete time signal of length N as X;,0 < k < N — 1. Then,
one adds a cyclic prefix (CP) of length I' to this sequence as

X0, X1,...,XN-1,X0,X1,...,X1_1,

which is transmitted at a transmit antenna sequentially.

L
Assume the channel in the z-transform domain is H(z) = Z hiz *where hy,0 < k < L, are the
k=0
multipath channel coefficients. If the CP length is at least L, i.e., I' > L, then at the receiver, after the CP
is removed from the received signal and taking the IN-point FFT, the received signal becomes

yn:Hnwn'i'wnaOSnSN_l’ (1)

L
where H,, = H(exp(2mjn/N)) = Z hy exp(—2mjkn/N) and wy, is the additive noise (it is assumed
k=0
white noise here). From (1), one can see that the original intersymbol-interference (ISI) channel is
converted to N many ISI free subchannels.

In VOFDM, assume M is the vector size, and each scalar-valued signal z,, in OFDM is replaced by a
vector-valued signal x,of vector size M, 0 <n < N —1. One takes the N-point IFFT of
X,,0 <n < N —1, component-wisely and gets another vector sequence of the same vector size M,
X4%,0 < k < N — 1. Similar to OFDM, one adds a vector CP of length I'* to this vector sequence as

Xo, X1, o, Xn-1,X0,X1,...,Xpr_1.

This vector sequence is then converted to a scalar sequence by sequentializing all the vectors of size M,
which is transmitted at a transmit antenna sequentially.
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Similar to OFDM, when the CP length satisfies I'* > [H-l’ then at the receiver, the received scalar

sequence is first converted to the vector sequence of vector size M, after the vector CP is removed from
the vector sequence and the IN-point FFT is implemented component-wisely to the vector sequence of
length IV, one obtains

Y, =H,x, +w,, 0<n<N-1, (2)

where w,, are additive white noise and H,, = H(exp(2mjn/N)) = H(z)|
following M x M polyphase matrix of H(z):

e—exp(2mjn/nv) 204 H(2) is the

[ Ho(z) 2z 'Hpy_1(2) --- z1Hy(2)]
2 z oozl Hy(z
ao- | PO RO )|
| Hy-1(2)  Hm2(2) - Ho(z) |

where Hp, (z) = Z Rasi4m 2" is the mth polyphase component of the channel H (2),0<m<M-1.
l

From (2), one can see that the original ISI channel is converted to N many vector subchannels of vector
size M. There is no ISI across these vector subchannels but there is ISI inside each vector subchannel. In
each vector subchannel, at most M many symbols are interfered each other. Clearly, when the vector size
M =1, the above VOFDM returns to OFDM and when M > L and N = 1, it becomes the SC-FDE. The
vector size M is a parameter that one can choose freely and properly in practice and controls the ISI
level.

Note that there exist many other different generalizations/forms of OFDM, to see their essential
differences, it is critical to see their corresponding received signal equations as (1) and (2). The above
VOFDM is the earliest and the only one that achieves the received signal equation (2) and/or its
equivalent form, although it may have different implementations at transmitter vs. different IFFT
algorithms. It has been shown in [3] that applying the MMSE linear receiver to each vector subchannel
(2), it achieves multipath diversity.
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