Noncoherent Eigenbeamforming for a Wideband Cellular Uplink

Noah Jacobsen, Gwen Barriac, and Upamanyu Madhow^1 Dept. Electrical and Computer Engineering University of California, Santa Barbara Santa Barbara, CA 93106 {jacobsen, barriac, madhow}@ece.ucsb.edu

We investigate wideband space-time communication on the uplink of an outdoor cellular system, in which the base station is equipped with N antennas and the mobile has a single antenna. We assume noncoherent reception at the base station, which incurs significantly less overhead than pilot-based estimation of the space-time channel from each mobile to the base station. Noncoherent communication techniques are particularly well suited to outdoor cellular systems for which channel time variations are significant due to mobility at vehicular speeds. As is common in outdoor cellular systems, we assume little or no scattering around the base station, so that, from the viewpoint of the base station antenna array, the incoming signal from a given mobile has a narrow power angle profile. Thus, the spatial channel covariance matrix is typically highly colored, having one or two dominant eigenmodes. We demonstrate that large beamforming gains are achievable without explicit estimation of the space-time channel, while only processing a relatively few number of dominant eigenmodes.

Consider the received signal Yf at frequency bin f in an OFDM system (1). The N ×1 space-time channel H f for each subcarrier is well-modeled as identically distributed complex Gaussian random vectors that decorrelate across frequency [1].

Yf = Hf x + Wf (1)

Thus, the spatial covariance matrix C = E[Hf H^†_f ] can be obtained by averaging over subcarriers, without requiring any pilot overhead. A spectral decomposition of the channel co-

C = UΛU^† (2)

variance matrix yields (2), where the eigenvector matrix U = [U1 . . . UN ] is unitary, and Λ is diagonal with eigenvalues {λ l} arranged in decreasing order. The eigenvalue λ l represents the strength of the channel on l^{th} eigenmode Ul.

We propose an eigenbeamforming receiver that projects the received signal in each subcarrier along the L (typically much smaller than the number of receive elements N) dominant eigenmodes of the estimated channel covariance matrix, {Ul}^L_{l=1}. Beamforming along the dominant eigenmodes of the channel creates parallel, independently fading channels for the same transmitted data. For each of the L eigenmodes, we employ noncoherent coded modulation strategies with turbo-like joint data and channel estimation, as in prior work on single antenna channels [2, 3, 4]. Thus, by appropriately leveraging the covariance estimate available in a wideband system, the noncoherent eigenbeamforming receiver provides many of the benefits of explicit space-time channel estimation without incurring its overhead. For example, beamforming gains in received SNR (relative to a single antenna system) are realized,

1This work was supported by Motorola and the University of California Cooperative Research Program under a Communications Research (CoRe) grant.

while incurring reasonable complexity by using a small number of dominant eigenmodes for demodulation and decoding.

In addition to an SNR advantage from scaling up the number of receive elements, diversity gains are provided by the L parallel, independent fading channels. To the end of quantifying noncoherent eigenbeamforming diversity gain, we have computed the capacity with QPSK signaling of L parallel block fading channels of possibly unequal strengths. Information-theoretic computations similar to those in [5] show that the capacity is relatively insensitive to the number of dominant eigenmodes at low SNR, while there is a diversity gain of up to 2 dB at high SNR. Thus, the penalty due to the relatively few spatial eigenmodes for outdoor channels is small for OFDM systems, assuming that there is enough averaging across frequency and time.

Figure 1: Block fading capacity with varying number of dominant, equal-strength eigenmodes

References

[1] G. Barriac and U. Madhow, “Characterizing outage capacity for space-time communication over wideband wireless channels,” in Proc. Asilomar Conf. on Signals, Systems, and Computers, Pacific Grove, CA, USA, Nov. 2002.

[2] M. Peleg, S. Shamai, and S. Galán, “Iterative decoding for coded noncoherent MPSK communications over phase-noisy AWGN channel,” IEE Proc. Communications, vol. 147, no. 2, pp. 87–95, Apr. 2000.

[3] R.-R. Chen, et al., “Joint demodulation and decoding for the noncoherent block fading channel: a practical framework for approaching channel capacity,” IEEE Trans. Communications, vol. 51, no. 10, pp. 1676–1689, Oct. 2003.

[4] N. Jacobsen and U. Madhow, “Reduced-complexity noncoherent communication with differential QAM and iterative receiver processing,” in Proc. Conf. on Information Sciences and Systems (CISS), Baltimore, MD, USA, Mar. 2003.

[5] T. Marzetta and B. Hochwald, “Capacity of a mobile multipleantenna communication link in Rayleigh flat fading,” IEEE Trans. Inform. Theory, vol. 45, no. 1, pp. 139–157, Jan. 1999.