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1. Introduction
As we presented in [1] and [2], adaptive beamforming at a Node B employing multiple antennas with a narrow antenna spacing is very promising for coverage increase. We showed that the specification of the downlink dedicated reference signal is the simplest way to support beamforming using more than four antennas. At the previous RAN WG1 #48 and #48bis meetings, in order to increase the coverage in a large cell, it was argued that increasing the coverage is also necessary for the common reference signal and common/shared control channels such as the synchronization channel (SCH), broadcast channel (BCH), and L1/L2 control channel as well as the shared data channel. This contribution presents our views on how to increase the coverage of the common/shared control channels. It also presents simulation results on a comparison pertaining to 8-antenna direction of arrival (DOA)-based adaptive beamforming with 3 sectors and 4-antenna codebook-based beamforming with 6 sectors from the viewpoint of the user throughput at the cell edge and system throughput.
2. Coverage Increase of Common Control Channel
In order to increase the coverage area, increasing the coverage of the common/shared control channels is indispensable since the cell range is determined by the coverage of the common/shared control channels.  One way to do this is to utilize the transmission power amplifier (PA) resource of all the antennas. By applying the method in [3], sectored beam transmission with multiple antenna transmission can be achieved. Figure 1 shows an example of the sectored beam pattern using multiple antenna transmission assuming a 120-degree sectored cell.
The figure shows that an almost uniform antenna gain is obtained over a ±60 degree area. Since this sectored beam generation method does not fully solve the coverage problem of the common/shared control channels, power boosting of the common/shared control channels should be employed at the expense of puncturing of other signals transmitted simultaneously for the SCH and BCH and limiting the number of scheduled UEs per sub-frame for the L1/L2 control channel (FFS).
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Figure 1 - Sectored beam pattern using multiple antenna transmission
3. System Evaluation Using Adaptive Beamforming
In this section, we present our system simulation results employing the 8-antenna DOA-based adaptive beamforming based on a comparison using another technique to increase the coverage, i.e., higher sectorization. Assuming the same total number of antennas at the Node B, we compare the user and system throughput between 8-antenna DOA-based adaptive beamforming with 3 sectors and 4-antenna codebook-based beamforming with 6 sectors.
3.1. Simulation Conditions
Table 1 lists the major radio parameters in the system-level simulation. We assumed a 2-GHz carrier frequency and the 10-MHz transmission bandwidth. The sub-frame length is 1 msec. We employed QPSK, 16QAM, and 64QAM data modulation and Turbo coding with the coding rate of R = 1/3, 1/2, 2/3, 3/4, and 4/5. We assume that the total transmission power per Node B is the same regardless of number of antennas and sectors. The antenna separation and the antenna gain of Node B is set to /2 and 14 (17) dBi for the 3- and 6-sector Node Bs, respectively. In the evaluation, the transmit antenna weight vector for adaptive DOA-based beamforming is generated by using the eigenvector associated with the largest eigenvector of the long term channel covariance matrix. On the other hand, for codebook based beamforming, eight DFT-based transmit weights are used so the main beam is directed toward {±7.5 (3.75) deg., ±22.5 (11.25) deg., ±37.5 (18.75) deg., ±52.5 (26.25) deg.} for the 3- (6-) sector case.
We assume a 19-cell configuration, where each cell has three or six sectors. Furthermore, by employing the wrap around method, each cell suffers from inter-cell interference from the surrounding cells. The locations of the UEs are randomly assigned with a uniform distribution within each cell. The number of UEs per cell-site (Node B) is set to 12. However, the minimum distance between a Node B and a UE is set to 35 meters. The propagation model follows a distance-dependent path loss with the decay factor of 3.76, log-normal shadowing with a standard deviation of 8 dB, and instantaneous multipath fading. We assume a 20 dB penetration loss. It is assumed that the distance-dependent path loss is constant during the throughput measurement period, while the shadowing and instantaneous fading variations are added. We assumed the six-ray Typical Urban (TU) channel model with the moving speed of 3 km/h, corresponding to the fading maximum Doppler frequency of 5.55 Hz at a 2-GHz carrier frequency, and the root mean square delay spread of 1.07 sec. The angular spread among multipaths at the Node B is assumed to be 5 degrees while no fading correlation is assumed on the UE side.
Two-branch antenna diversity reception was assumed at the UE receiver with the antenna gain of 0 dBi. Ideal FFT timing estimation and perfect channel estimation is assumed. For codebook-based beamforming, the optimum beam selection with the maximum received signal-to-interference plus noise power ratio (SINR) can be selected ideally. In order to calculate the throughput based on the received SINR of the beamformed shared data channel, the exponential effective SINR mapping (EESM) method [4] is used to map the effective SINR calculated in the system level simulation to the packet error rate performance obtained from the link level simulation in the evaluation. We used Chase combining with the control delay of 6 sub-frames. Adaptive modulation and coding (AMC) employing the modulation and channel coding rates mentioned above and frequency-dependent channel-dependent scheduling methods are used. We assume a full buffer traffic model and the employed criterion for selecting the UE at each resource block is the proportional fairness (PF) algorithm. The received SINR for AMC and scheduling is calculated taking into account the sectored beam pattern. The control delay in AMC and scheduling was set to the 4 sub-frames.

Table 1 – Simulation parameters
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3.2. Simulation Results
Figure 2 shows the 5%-cumulative distribution function (CDF) of the user throughput as a function of inter-site distance. For the 8 antenna adaptive beamforming case, we evaluated in two cases: 1) only one UE is allocated per resource block (without SDMA (space division multiple access), hereafter), and 2) two UEs are spatially multiplexed per resource block (with SDMA). For reference, the performance of 1-antenna transmission and codebook-based 4 antenna transmission with 3 sectors are shown. This figure shows that by employing 8-antennas adaptive beamforming without SDMA, we can increase the 5%-CDF user throughput by approximately 20-30% compared to 4-antenna codebook-based beamforming with 6 sectors when the inter-site distance is greater than 3000 m since the beamforming gain is increased due to the increasing number of transmitter antennas and transmission power per sector. This figure also shows that 8-antenna adaptive beamforming with SDMA decreases the user throughput at the cell edge compared to that w/o SDMA when the inter-site distance exceeds 3000 m. This is due to the destruction of spatial orthogonality among simultaneous users. However, the achievable throughput is almost identical to 4-antenna codebook based beamforming with 6 sectors.
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Figure 2 – 5% CDF user throughput as a function of inter-site distance

Figure 3 shows the average cell throughput performance with various inter-site distance conditions. The cell throughput represented on the vertical axis is defined as the sum throughput of 3 sectors within one cell-site. This figure shows that 8-antenna adaptive beamforming with SDMA achieves the similar performance compared to 4-antenna codebook based beamforming with 6 sectors and higher cell throughput compared to 8-antenna adaptive beamforming without SDMA. This is because by performing higher sectorization or SDMA, the number of UEs per cell-site in one sub-frame is doubled compared to the other schemes.
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Figure 3 – Cell throughput as a function of ISD
From the simulation results, we can derive the following conclusions. Adaptive beamforming with more than four antennas is beneficial to increasing the user throughput at the cell edge, i.e., to increase of coverage area due to the increasing antenna gain. In the actual system, the installation space of multiple antennas is very limited particularly in big city. To increase system capacity, the higher sectorization (i.e., 6 sectors) is also very promising candidate. However, considering the actual installation space of antennas, small number of sectors with large number of antennas per sector (i.e., 3 sector configuration with 8 antennas per sector) is more advantageous than the high sectorization with small number of antennas per sector keeping the constant total number of antennas. Therefore, in order to allow support of flexible deployment of the LTE system for the operator, we believe that beamforming with more than four antennas is very beneficial in increasing the coverage area as well as the system capacity. From [2], we believe that the specification of the downlink dedicated reference signal is the simplest way in order to support the beamforming using more than four antennas.
4. Conclusion

This contribution showed our views on increasing the coverage of the common/shared control channels in order to support adaptive beamforming with more than four antennas. Furthermore, from the system throughput and the cell boundary user throughput, we showed that 8 antennas without and with SDMA are beneficial to increasing the coverage area. Therefore, we recommend specifying the downlink dedicated reference signal to support adaptive beamforming with more than four antennas in the E-UTRA.
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