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ABSTRACT on preserving all the received signals within a predefined un-
certainty set centered around the channel state estimate. How-

We present a new algorithm for collaborative uplink transmit ever, only line-of-sight (LOS) propagation was considered in
beamforming with robustness against mismatches in the chan- all these receive beamforming algorithms. Moreover, it was
nel state information. The beamforming coefficients are com- assumed that the array elements are located within a single
puted at the base station using the uplink measurements and processing unit, and hence, these algorithms are not suitable
fed back to the cooperating terminals. This can be considered for collaborative transmission scenarios where the array el-
as a robust feedback of the channel state. Our beamformer is ements are distributed among different relay terminals with
derived by minimizing the total transmitted power while pre- each terminal having an estimate (together with its associated
serving the received signal at the base station for all the chan- uncertainty) of its channel vector only. This limits the ability
nel realizations within a prescribed uncertainty set. The prob- of these approaches to exploit the good estimates that some
lem is formulated as a second-order cone program that can be terminals may have of their channels [6].
efficiently solved using interior point methods. Simulations In this paper, we consider the problem of robust collabo-
results are presented showing the superior performance of our rative beamforming for uplink transmission. First, we present
technique compared to classical transmit beamforming. a unified signal model for both LOS and flat fading channels.

Our signal model divides the available channel information
1. INTRODUCTION into two parts: a perfectly known part that corresponds to the

second-order statistics of the channel or the local array man-
Multihopurelayinwiresoellofarnthe workmodification tohbe ah ifolds of the cooperating terminals, and a possibly erroneouschitecture of wireless cellulLar nretworks to acbieve the high esimt of th chne relzto drvn. etohtcp
data rates envisioned for fourth generation wireless systems. tures the chanlnel ranldomnless anld is assumned to belonlg to aIn these systems, multiple relay terminals can collaboratively prescrie uneraintset. We for ule o beaong
transmit the signal of a nearby user to a distant base station. prsrie unetit.. . efruaeou emomn

problem as minimizing the total transmitted power by the co-Hence, multiple antenna signaling techniques can be used operating terminals subject to a constraint that preserves theto exploit the spatial characteristics of the channel. Trans-
mit beamforming is one of the approaches to exploit these receive in at thentarget base station for all the channel
characteristics as it is capable of providing spatially matched corsei theunetin problem isonvertedto
transmiLssion that increases the received signl-to-noise ratio aoneopiztonrblmhtcnbesvdefcetywith polynomial complexity using interior point methods [7].(SNR) at the target destination and reduces interference to We also introduce additional convex constraints that limit thenon-targeted base stations [1]. interference received by nearby stations even in the presenceOptimum collaborative transmit beamforming requires ex- of channel mismatches. Hence, using the uplink measure-
act knowledge of the channel state at the transmitting relay ments, the base station can compute and feedback the uplink
terminals. However, this information might be difficult to ac- . o .
quire at the terminials due to the timne varyilng nrature of the bemoincefcetsothcoprigtrial.Tscan be viewed as a robust feedback of the channel state. Simu-channel [2], and/or relative phase and frequency offsets be- lation results are presented showing the superior performance
tween the various terminals [3]. Many adaptive beamforming of our beamformer compared to classical beamforming tech-
algorithms have been recently proposed to provide robustness
against various mismatches in the array manifold (e.g., [4],
[5] and the references therein). These algorithms are based
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