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1 Introduction
Beamforming at the Node B by using large number of antennas with narrow antenna spacing can be used to mitigate inter-user interferences, especially inter-cell interferences for E-UTRA and it is very promising to increase the cell-edge throughput and coverage [1]-[4] . In last RAN1 meeting, some discussions about whether define the dedicated beamforming for FDD and TDD FS1 in the initial version of LTE has not made a decision. In this contribution we thus discuss some issues of dedicated beamforming supported in E-UTRA DL. 
2 Non-codebook Based Beamforming
Codebook based beamforming limit beams in a finite number of possibilities, and requires feedback overhead and control signal for beamforming codebook index indication. For non-codebook based beamforming with small antenna spacing, only DOA information is needed to construct the beamforming weight. Thereby non-codebook based beamforming can make the total signal overhead more efficient [6]. Non-codebook based beamforming can estimate DOA from uplink signals and calculate uplink beamforming weights to use straightly in downlink, this scheme has been used widely in TDD. In FDD uplink beamforming weight can not be used straightly for downlink beamforming because of the differences between the carrier frequency of uplink and downlink. In this case the uplink beamforming weight can be amended by using the following method to eliminate the influence caused by the differences between the carrier frequency of uplink and downlink.
In uplink receiving, antenna array oriented vector
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Where 
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 is the wavelength of uplink carrier frequency, N is is the total number of Node B antennas, 
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 is arrival angel of UE and 
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 is the distance between adjacent antennas. The arrival angel 
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of UE can be estimate with various algorithms and the beamforming weight 
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 is set by
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where 
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 receiving antenna in uplink. 

Due to the carrier frequency of uplink is different with downlink in FDD, the beam-forming weight 
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is not suitable to downlink any more and it must be amended by:
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Where 
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 is the carrier frequency of downlink, 
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 is the carrier frequency of uplink.

Figure 1 and Figure 2 show some examples using this amending method to eliminate the influence of differences between uplink and downlink carrier frequency in FDD. The red, blue and green antenna direction pattern is denoting the uplink beamforming, downlink beamforming by using uplink beamforming weight straight and downlink beamforming with amended uplink beamforming weight. From the figures it can be seen this amending method can work effectively and non-codebook based beamforming can be implemented simply with low complexity and overhead.
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Figure1 
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Figure2 
[image: image21.wmf]d

f

=2.14GHz, 
[image: image22.wmf]u

f

=1.95GHz, DOA=-30o
3 Dedicated Reference Signal for Beamforing
The necessity and advantage of using dedicated reference signal for beamforming is discussed in [2] [5] [6] [7]. 
· For the case of beamforming with more than four antennas, complicated RS design and large signal overhead will be needed to satisfy the antenna orthogonal property. Beamformed RS has less orthogonal reference signals requirement and easy to supporting more transmit antennas.
· For DL beamforming, each receiver needs to have some knowledge of a suitable phase reference for demodulating the received signals. Dedicated RS and signalling of the beamforming weight can be used for this purpose. However, the overhead from signaling the weight vectors directly will be much higher especially for large transmitter antenna arrays [5], thus dedicated RS is more promising.

· There is no requirement of weight vector/matrix indicator feedback by using dedicated RS.
· Supporting any type beam-forming.
· The estimation of beamforming channel is more exact due to both dedicated RS and common RS can be applied in channel estimation.
· Dedicated RS allow full flexibility in Node B antenna array design without the UE needing to be aware of (or to adapt to) the antenna array configuration.
· It was agreed to support a single-stream dedicated reference signal based beamforming and the inband dedicated reference signals are used for data demodulation of the single stream in TDD FS2. Using dedicated RS will be a better choice in FDD to keep consistency with TDD.
According to the advantages of dedicated RS listed above, we recommend adopting dedicated RS in beamforming.
4 Method to Improve Coverage of Control Channel
When beamforming is used in data channel, the coverage of data channel is increased with beamforming gains. The coverage of data channel is almost one and half times bigger than control channel. In order to increase the coverage area, increasing the coverage of the control channels is also indispensable. To extend the coverage of control channel, we can use power boosting or beam scanning.

Power boosting is increasing the transmitting power of control channel to extend coverage. Power boosting operates very simply, but the RF of transmitter and receiver become more complicated to increase of transmitting power and receiving sensitivity. Power boosting can’t assure the first and last several symbols to be transmitted in the slope of power increasing.

Beam scanning is using circular beam transmitting control information in common control channel, and using beam-formed transmitting control information in dedicated control channel. The design of RF of transmitter and receiver is similar with other MIMO schemes in beam scanning, but arranging process of beam scanning is more than power boosting.

5 Conclusion
This contribution showed our views on supporting of beamforming in E-UTRA DL. 
· Define non-codebook based beamforming with small antenna spacing in FDD and TDD FS1.
· Dedicated reference signal should be adopted in beamforming.
· Power boosting or beam scanning can be used to increase the coverage of control channel when beamforming is applied.
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