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1. Introduction
As we presented in [1], the beamforming at a Node B employing multiple antennas with a narrow antenna spacing is very promising. Although there is ongoing discussion on the precoding codebook design for narrow antenna spacing (high correlation between antennas), the discussion focuses on the number of Node B antenna up to four. Obviously, the achievable beamforming gain, i.e. coverage increase, is expected increase according to the increase in the number of antennas. Therefore, this contribution discusses how to support the beamforming at the Node B using more than four antennas. Our conclusion is that the specification of the downlink dedicated reference signal is the simplest way, and therefore we recommend to support the downlink dedicated reference signal in E-UTRA. Furthermore, we present field experiments on the achievable beamforming gain.
2. Adaptive Beamforming Using More Than Four Antennas
2.1. Problem in Precoding-Based Actualization of Adaptive Beamforming
Let us assume the Node B antenna configurations shown in Figs. 1(a) and 1(b). Figure 1(a) shows a case without antenna grouping. The merit of this configuration is a narrower beamwidth (larger beamforming gain), while the demerit is less diversity in the uplink. Figure 2(b) shows a case employing antenna grouping with two groups. By using antenna grouping, although the beamwidth becomes wider, the space diversity effect is obtained in the uplink.
Currently, we consider MIMO with precoding assuming up to four antennas. Therefore, we cannot support either configuration illustrated in Figs. 1(a) or 1(b), because we require the following physical layer specification for MIMO precoding.

· Orthogonal reference signals for all transmit antennas

· Precoding codebook, in which configuration must be changed according to the number of antennas

· Associated L1/L2 control signalling such as the employed precoding vector or antenna-group switching for the case with antenna grouping
Since these are required to change the configuration according to the number of antennas at the Node B, the support of adaptive beam-forming using more than four antennas by using a precoding approach is very complicated.
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Figure 1 – Example of antenna configuration (Total of 8 antennas)

2.2. Simplified Support of Adaptive Beamforming Using Downlink Dedicated Reference Signal

The merit of a narrow antenna spacing is that we can generate the downlink adaptive beamforming weight without feedback from the user equipment (UE) even in the frequency division duplex (FDD) mode. This is because the optimum beamforming weight only tracks the average channel conditions such as the direction of arrival (DOA) and the average received signal power since almost the same instantaneous fading is experienced by all antennas. When the Node B can generate a downlink adaptive beamforming weight based on the received uplink channels, we do not need an orthogonal reference signal, codebook, or associated signalling, which are normally required to estimate the optimum beamforming weight on the UE side and to feed this information back to the Node B.


We only require the downlink dedicated reference signal to support adaptive beamforming for the antenna configurations in Figs. 1(a) and 1(b) from the physical layer viewpoint. Figures 2(a) and 2(b) show a simplified configuration of the reference signal for the case without antenna grouping and with grouping, respectively.
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Figure 2 – Achievement of adaptive beamforming using downlink dedicated reference signal

The case without antenna grouping is straightforward. When antenna grouping is used, we can assume that it is a combination of 2-by-2 MIMO and beamforming within antenna group. Thus, the UE feedback is based on the precoding derived from the 2-by-2 MIMO using the orthogonal common reference signal for two antenna groups. Then, the Node B first generates the beamforming weight within an antenna group based on the uplink measurement such as the DOA etc. Subsequently, the generated beamforming weight for different antenna groups is further precoded based on the UE feedback if necessary.

Therefore, using the precoding functionality for up to four antennas and additional support of the downlink dedicated reference signal enable a flexible Node B antenna implementation to achieve additional beamforming gain in order to increase the coverage in a large cell.

3. Field Experiment Results on Beamforming [2]-[3]
3.1. Experimental Configuration
In this section, we present the achievable beamforming gain based on DOA measurements in the uplink in an actual channel environment based on field experiments. Table 1 gives the major parameters in the field experiments. Figure 3 shows the block diagram of the experimental Node B transceiver. The carrier frequency is 4.635 GHz and 4.9 GHz for the downlink and uplink, respectively. For the downlink, OFDM radio access with a 100-MHz bandwidth is used. For the uplink, single-carrier access with a 20-MHz bandwidth is used. The reason for these parameters is that this experiment was originally targeted at broadband radio access (beyond the 3G). However, the achievable gain shown in the next section should also be applicable to the E-UTRA. The number of antennas at the experimental Node B is set to 8. The sub-frame length (TTI length) is 0.5 msec. We used 16QAM modulation with the turbo coding rate of 1/2 for the downlink and QPSK modulation with the turbo coding rate of 1/3 for the uplink. The DOA is estimated using the uplink reference signal and based on the estimated DOA, and the receiver antenna weight is generated based on Fourier-based weight generation. For the downlink, the transmitter antenna weight is generated so that the main-beam is directed toward all the multipaths detected in the uplink. In the downlink, channel estimation is performed using dedicated reference signal transmitted with same antenna weight as in data channel.
The field experiments in a actual multipath fading channel were conducted in an urban area of Yokosuka city nearby Tokyo. Figure 4 shows the measurement course and the location of the cell site. The heights of the Node B and UE antennas are approximately 50 and 3 meters from the ground, respectively. The antenna at the Node B is a sectored-beam antenna with the 3 dB-width of 90 degrees in azimuth and the gain of 19 dBi using 24 element co-linear antennas. Eight antennas are linearly arranged with the adjacent antenna separation of half a wavelength. Meanwhile, two-dipole antennas with the gain of 2 dBi each are used for the experimental UE receiver. A measurement vehicle equipped with a mobile receiver is driven along the measurement course at the average speed of approximately 30 km/h. The look angles from the measurement course is from +10 degrees to +20 degrees. Furthermore, the majority of the measurement course is under non-line-of-site (NLOS) conditions due to residential apartment buildings and stores between the Node B and the UE. Figures 5 and 6 show examples of the measured power delay profile and the time variation of the measured DOA of each path along the test course, respectively. The measured average values of the r.m.s. angle spread and r.m.s. delay spread are approximately 2.0 degrees and 0.39 sec in the measurement course, respectively.
Table 1 – Major radio parameters for field experiments
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Figure 3 – Block diagram of the experimental Node B transceiver
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Figure 4 – Measurement course
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Figure 5 – Example of the measured power delay profile            
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Figure 6 – Time variation in the measured DOA of each path and average DOA along the test course
3.2. Field Experiment Results

Figure 7 shows the measured average packet error rate (PER) performance as a function of the average received signal-to-interference plus background noise power ratio (SINR) per antenna, using eight-antenna adaptive beam-forming reception in the uplink [2]. Here, the average received SINR is averaged over 100 msec. The PER with one-antenna reception are also shown for comparison. Furthermore, laboratory experimental result with path-independent weight generation is also shown (in the laboratory results, we assume an exponential decay model, in which the average signal power is reduced by 0.5 dB in descending order starting from the first path. A Laplacian distribution with the r.m.s. angle spread of 2 degrees and an L = 12-path Rayleigh fading profile are employed, in which the average received power of each path is decayed by 0.5 dB from the largest path and each path suffers from independent Rayleigh fading based on the observed power delay profile under NLOS conditions, with the fading maximum Doppler frequency of fD = 140 Hz, which corresponds to the average vehicle speed of approximately 30 km/h at a 5-GHz carrier frequency).
Figure 7 shows that the loss in the required average received SINR of the field results nearly coincides with that in the laboratory results for L = 12 and  = 2 degrees. Furthermore, the figure shows that the required average received SINR employing adaptive beamforming reception at the average PER of 10-2 is reduced by approximately 6.0 dB compared to that with one-antenna reception. We should note that the improvement in the required average SINR by employing eight-antenna adaptive beamforming reception of approximately 6.0 dB from one-antenna reception indicates a reduction in the required average energy per bit to noise power spectrum density ratio (Eb/N0) of approximately 9.0 dB considering the impact of multipath interference since we assumed a simple Rake receiver in the experiment. We conclude that the adaptive beamforming reception based on DOA estimation using the uplink reference signal is effective in reducing the required Eb/N0, resulting in an extension in the coverage area.
The average PER performance with the adaptive beamforming transmitter in the downlink is plotted in Fig. 8 as a function of the measured average received SINR per antenna of the common reference signal with a sectored beam over 100-msec [3]. The PER performance using the single-antenna transmission and the laboratory experimental results are also shown for comparison. In the laboratory results, the same assumptions that were used in the uplink evaluation are applied. Figure 8 shows that the loss in the required average received SINR in the field experiments compared to that in the laboratory experimental results following the propagation channel model conditions in the test course is within only 1 dB. We see that the required average received SINR at the average PER of 10-2 using adaptive beamforming is reduced by approximately 7 dB compared to that with single-antenna transmission. Here, we again explain the non-linear relationship between the actually measured SINR and transmit Es/N0 in the downlink. (note that in the field experiments, we cannot measure the transmit Es/N0 directly). It was confirmed in the laboratory experiments that the decrease in the received SINR from 6 to -1 dB corresponds to that in the transmit Es/N0 from approximately 9 to 1 dB. Therefore, the improvement in the required average received SINR of approximately 7 dB by employing the eight-antenna adaptive beamforming transmitter compared to that for the single-antenna transmission indicates a reduction in the required transmit Es/N0 of approximately 8 dB. 
It should be noted that although we assumed single user transmission in this contribution for simplicity, the adaptive beamforming with a narrow antenna spacing is also effective in reducing the spatial domain interference in space division multiple access (SDMA) [5], [6].
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Figure 7 – Measured average PER performance as a function of the average received SINR per antenna using 8-antenna adaptive beamforming reception in uplink
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Figure 8 – Measured average PER performance with the adaptive beamforming transmitter in downlink as a function of the measured average received SINR per antenna of common reference signal
4. Conclusion

We believe that the support of beam-forming at the Node B using multiple antennas even more than four is very beneficial to increase the coverage per cell and allow flexible deployment of LTE system for operator. From the discussion in this contribution, we clarified that the specification of the downlink dedicated reference signal in addition to the specification of up to 4-by-4 MIMO with precoding is a simplest way in order to support adaptive beam-forming using more than 4 antennas. Therefore we recommend to support the downlink dedicated reference signal in E-UTRA.
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