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1. Introduction
Adaptive beam forming at a Node B employing multiple antennas with narrow antenna spacing is very promising for increasing the data rate at the cell edge and coverage area. We showed in the past RAN WG1 meetings that the specification of the downlink dedicated reference signal is the simplest way to support beamforming using more than 4-antenna branches [1],[2]. However, it was discussed that in order to increase the coverage in a large cell, it is also necessary to increase coverage for the common/shared control channels such as the synchronization channel (SCH), broadcast channel (BCH), and Layer 1/Layer 2 (L1/L2) control signal as well as the shared data channel. Since neither time-diversity nor power borrowing from shared data channel cannot be realized for downlink L1/L2 control signal, the coverage is limited by achievable coverage of the downlink L1/L2 control signal satisfying the required quality. Thus, as a solution to increase the transmission power of downlink L1/L2 control signals per UE, we presented to reduce the total number of downlink L1/L2 control signaling bits by limiting the number of scheduled UEs per sub-frame [3]. Then, this contribution presents the system-level simulations on the coverage of L1/L2 control signal in a multi-cell environment by limiting the number of scheduled UEs and the effect of increasing the user throughput at cell boundary employing 8-antenna adaptive beamforming.
2. Simulation Condition
Table 1 lists the major radio parameters in the system-level simulation. We assumed a 2-GHz carrier frequency and the transmission bandwidth from 5 to 20 MHz. The sub-frame length is 1 msec. For downlink L1/L2 control channel, we employ QPSK data modulation and convolutional coding with coding rate of R = 1/3. For shared data channel, we assume QPSK, 16QAM, and 64QAM and Turbo coding with 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 the number of transmit 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 eight antenna adaptive beamforming is generated by using the eigenvector associated with the largest eigenvector of the long term channel covariance matrix. On the other hand, for 4-antenna codebook based beamforming, we use the eight uniform linear array precoding vectors within the 4-Tx antenna rank 1 codebook for single user (SU)-MIMO which was agreed in the previous meeting [4].
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 24. 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 the fading correlation between receiver antenna branches is assumed to be zero 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 actual channel estimation are assumed. In order to calculate the block error rate (BLER) of downlink L1/L2 control channel and the throughput of the beamformed shared data channel, the exponential effective signal-to-interference plus noise power ratio (SINR) mapping (EESM) method [5] is used to map the effective SINR calculated in the system level simulation to the BLER performance obtained from the link level simulation in the evaluation. For downlink shared data channel, we assumed chase combining with the control delay of 6 sub-frames, and adaptive modulation and coding (AMC) employing the modulation and coding rates mentioned above and frequency-dependent channel-dependent scheduling. 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. We limit the maximum number of scheduled UEs in the frequency domain per sub-frame tanking into account for the system bandwidth. The received SINR for AMC and scheduling is calculated using the common reference signals. The control delay in AMC and scheduling was set to the 4 sub-frames.

Table 1 – Simulation parameters

	Cell layout
	Hexagonal grid, 19 cell-site

	Carrier frequency
	2 GHz

	System bandwidth
	5-20 MHz

	Number of UEs
	24 UEs per cell-site

	Number of Node B antennas /sectors
	1, 4, 8 antennas / 3, 6 sectors

	Antenna separation
	0.5 

	Transmission power at Node B
	43, 46, 49 dBm (5, 10, 20 MHz)

40, 43, 46 dBm (5, 10, 20 MHz)

	Distance-dependent path loss
	128.1 + 3.76 log10(r)

	Standard deviation of shadowing
	8 dB

	Penetration loss
	20 dB

	Multipath model
	TU channel model, fD = 5.55 Hz

Angular spread at Node B: 5 degrees

	Number of UE antennas
	2 antennas

	CQI calculation
	Use common reference signal

	HARQ
	Chase combining (Round trip delay = 6 sub-frame)

	Traffic model
	Full buffer traffic

	Channel dependent scheduling
	Frequency-domain channel dependent scheduling based on proportional fairness (PF)

	Modulation scheme
	QPSK, 16QAM, 64QAM (Shared data channel)
QPSK (L1/L2 control channel)

	Channel coding scheme
	Turbo coding (K = 4) (Shared data channel)
Convolutional coding (K = 9) (L1/L2 control channel)

	Channel coding rate
	R = 1/3, 1/2, 2/3, 3/4, 4/5 (Shared data channel)

R = 1/3 (L1/L2 control channel)

	Channel estimation
	Actual channel estimation


3.  Simulation Results
3.1. Coverage of Downlink L1/L2 Control Signal
Figure 1 shows the maximum distance between cell-sites (Node Bs) to satisfy the average BLER bellow 10-2 at the probability of 95% in a 19-cell site environment. As we mentioned, we restrict the number of the scheduled UEs per sub-frame. The total transmission bandwidth is parameterized. We can see from the figure that by restricting the number of scheduled UEs per sub-frame and boosting the power of downlink L1/L2 control signal for the target scheduled UEs, the coverage area can be extended to more than 2.5 km. Moreover, we can find that according to the increase in the total transmission bandwidth, the coverage area of L1/L2 control signal satisfying the required BLER is more extended, because the increasing transmission power resource is allocated to the restricted number of UEs.
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Figure 1 – Coverage of downlink L1/L2 control signal
3.2. Throughput Performance

Figures 2(a) and (b) show the user throughput at the 5% value in the cumulative distribution function (CDF) for various number of transmitter antennas and sectors. We assume that the total transmission bandwidth is 10 MHz in the evaluation. The inter-site distance (ISD) is set to 1000 m and 2800 m. Those two ISD values correspond to the interference-limited condition and the noise-limited condition, respectively. The user throughput is defined as the following equation.
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We see from Fig. 2 that adaptive beamforming with 8-antennas achieves higher user throughput than that of beamforming using 4-antenna per sector assuming 3- and 6- sector configurations. This gain is due to the increased received SINR by directive beam. We can also see that when ISD is larger the relative throughput gain of 8-antenna adaptive beamforming from those with 1-antenna and 4-antenna beamforming becomes larger. This is because in the power-limited condition,  the negative impact of the flash-light effect of beamforming on the user throughput is decreased at cell boundary.
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Figure 2 – Throughput performance for various number of antennas and sectors
We can see from the above simulation results that by restricting the number of UEs carrying the L1/L2 control signals, the achievable converge of the L1/L2 control signal with the required BLER is extended by employing repetition and power boosting. Accordingly, we confirmed that 8-antenna beamformaing can increase the user throughput significantly compared to that with 4 antennas particularly in the power-limited conditions. 
4. Conclusion

This contribution presented the system-level simulations on the coverage of L1/L2 control signal in a multi-cell environment by limiting the maximum number of scheduled UEs and the effect of increasing the user throughput at cell boundary employing eight-antenna adaptive beamforming. Simulation results elucidated the followings.

· By restricting the number of UEs carrying the L1/L2 control signals, the achievable converge of the L1/L2 control signal with the required BLER is extended by employing repetition and power boosting. 

· Accordingly, we confirmed that 8-antenna beamformaing can increase the user throughput significantly compared to that with 4 antennas particularly in the power-limited conditions. 
· According to the increase in ISD, the relative throughput gain of 8-antenna adaptive beamforming from those with 1-antenna and 4-antenna beamforming becomes larger.
In conclusion, we recommend specifying the downlink dedicated reference signal to support adaptive beamforming with more than 4 antennas in the E-UTRA.
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