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1 Introduction

The performance of various precoding schemes has been considered for LTE. One important aspect is the amount of channel state information to be signalled in the uplink in order to provide good performance in the downlink. In the case of correlated channels, a beamforming approach based on angular information shows good performance compared with other schemes that have been proposed. Each UE reports channel state information in the form of an index corresponding to a quantised angular direction and the amplitude of the angular channel response along the reported direction. The Node B utilises this information to select a subset of users for transmission and to design a beamforming matrix such that the cell-sector throughput is maximised. If the scattering is localised at the UEs, this method allows the Node B to steer the beams for the selected users along the directions with the best propagation conditions and minimise the mutual interference.

A description of a possible measurement process is given in the Annex. Some initial comparison with unitary precoding is given in the following sections. 
2 Performance Results

2.1 Simulation assumptions

The following assumptions were adopted

· 4 element uniform linear array at the Node B

· Antenna pattern covers 120 degree sector 

· UE’s are randomly scattered within the sector

· Single UE receive antenna (for the sake of initial evaluation)

· Channel model – line-of-sight with normalised path loss and perturbation of the channel coefficients to model local scattering at the UE’s [1]

· MU-MIMO: more than one UE may be scheduled for downlink transmission

· UE signals channel state (quantised with 4 bits) and CQI (unquantised)

· Node B computes beamforming vectors based on signalled channel states, by using a modified version  of the throughput maximisation technique presented in [2], but which is more robust against channel uncertainties

2.2 Results

With the above assumptions we have computed the achievable throughput for the proposed signalling scheme combined with a robust beamforming technique (red curve). For comparison we plotted the achievable throughput of the PU2RC technique for MU-MIMO (green curve) [3]. The achievable throughput is averaged over an ensamble of independent channel realisations. The number of feedback bits is set to be the same for the proposed technique and PU2RC, equal to 4 bits to signal the channel state plus a real-valued CQI, which is assumed unquantised in these simulations. As a reference Fig. 1 also shows the sum-rate capacity of the system achieved by dirty-paper coding (DPC curve) and the achievable throughput provided by designing the beamformers with perfect CSI according to the technique by Stojnic-Vikalo-Hassibi (SVH with differential evolution, SVH-DE) [2]. We also reported in Fig. 2 the average number of active users as a function of SNR.  
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Fig. 1 Average achievable throughput
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Fig. 2  Average number of active users

3 Conclusions

The proposed scheme shows the following potential advantages

· It supports ad-hoc beamforming by the Node B

· It gives the Node B flexibility to design the beamformers according to different optimisation criteria, e.g. throughput maximisation or others, without need to change the signalling information

· It allows the Node B to transmit to more users on average than codebook-based beamforming, as the number of allocated users does not depend on the codebook size. For codebook-based beamforming the average number of users choosing the same beamforming matrix decreases with the codebook size

· It requires much less computational effort by the UE’s to compute the index and CQI values, compared to codebook-based beamforming

· The signalling scheme can be compatible with codebook-based solutions, as the feedback information consists in an index and a CQI value

We propose:

· The UE should be able to signal the channel state in terms of a preferred angle and a CQI value associated with this angle, to be used by a beamformer at the Node B. 
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5 Annex: Measurement of angular information

We assume that the Node B has a uniform linear antenna array (ULA).

Let us denote with 
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the M-dimensional vector of channel measurements that a generic UE has derived for a given receiving antenna, by sensing the common pilots embedded in the resource block. M is the number of transmit antennas at the BS. We assume that n bits of the uplink signalling channel are reserved for reporting an index value, representing an angular direction in an angular quantisation grid with 
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 levels. Each terminal computes an L-point IDFT of 
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, and take the absolute value, i.e. forms a vector 
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This vector represents a quantised version of the angular-domain response amplitude of the channel 
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, given by
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where 
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 is the angle formed by a given propagation direction with the boresight of the transmit array, and 
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 is the transmit antenna separation normalised by the carrier wavelength.

The terminal then reports one point (or more) of the function 
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, typically the peak index and the peak value, computed as
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We note that the transformation for the angular-domain representation of the channel measurements is an IDFT because of the geometry of the transmit array, which is assumed to be an ULA (uniform linear array). Different geometries imply different transformations from the spatial to the angular domain. However, the terminal could still be reporting channel measurements in terms of angular indices, under the assumption of a transmit ULA, even if the actual array geometry was different. It is, then, up to the BS to associate these indices with the correct angles and corresponding unit spatial signatures, depending on the array geometry. This step may be needed for the BS to be able to steer a beam in the correct angular direction.

Note that the terminal does not need to know the antenna spacing at the transmitter. However, this parameter is known to the BS, hence it can associate the reported peak index with a physical propagation angle. In fact, the IDFT operation encompasses a uniform quantisation of the directional sine, 
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, with step size 
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. As a consequence the quantisation of the angle 
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 is non-uniform. Angles are more finely quantised around the boresight (
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) than around the array broadside. This is a desirable property as an ULA has maximum angular resolution, approximately equal to 
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 radians, along its boresight.

The angular information is derived by the BS as follows
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where fix() denotes the round-towards-zero operation. Note that if the antennas are densely spaced (
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) the equation above may have no solution. However, this is a case of very little practical interest, as the antenna arrays are usually designed with 
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for maximum uncorrelation properties. Moreover, as the antenna spacing decreases below half a wavelength, the radiation pattern becomes more and more similar to that of an omnidirectional antenna, and the directional information becomes less significant.

Example: as an example of how the feedback information is computed, let us consider a 4-antenna ULA covering a 120° cell sector. The normalised antenna spacing is set to 
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. The number of bits reserved for signalling the angular index is fixed to n=3, thus L=8. Fig. 3a shows the 8-level angular quantisation grid resulting from the calculation of the angular response via an 8-point IDFT. Fig. 3b illustrates the quantisation function. Note that the directional sine is uniformly quantised. Fig. 4a and 4b show the amplitude of the angular domain response of a channel realisation (normalised by the peak value) in a Cartesian and polar plot, respectively. The red bullets represent the quantised version computed by (1), while the solid line denotes the function (2). Note that in order to plot the angular response, knowledge of the antenna spacing is needed, which is necessary to associate the IDFT indices to angular values. This information however is not required at the UE side. In addition the BS needs to derive an estimate of the angular spread of the main lobe at 3dB. This could be based on a measurement reported from the UE. In this example the 3-dB angular spread is roughly 25°, as can be seen from Fig. 4a.

[image: image24.png]Base station
array

=0

boresight




[image: image25.png]-40¢-

i N
o o
~N

80
60¢- -
40

i
o
D

(soa163p) O

-60+ -

-80+ -

0.8

«©
[=)
1

A sin(0)




Fig. 3a  Angular quantisation







Fig. 3b Mapping from sine to angular domain
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Fig. 4a Example angular response









Fig. 4b Example polar response
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