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1. Introduction
Adaptive beamforming at a Node B employing multiple antennas with narrow antenna spacing is a very promising candidate to increase the data rate at the cell edge and the 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]-[3]. This contribution presents our views on the dedicated reference signal structure to support adaptive beamforming in the E-UTRA downlink and presents preliminary link-level and system-level simulation results on the influence of channel estimation error and CQI measurement error for adaptive beamforming. 
2. Views on Dedicated Reference Signal Structure for E-UTRA Downlink

During the last RAN WG1 meeting #50 in Athens, the contribution of R1-073886 was agreed as the way forward as a staring point for further discussion [4]. Based on the way forward, our views on the dedicated reference signal structure are given below. 
· Regarding the relation to the UE capability for a dedicated reference signal, we believe that the dedicated reference signal should be mandated, otherwise we would not be able to enhance cell coverage taking into account the beamforming gain. 
· A dedicated reference signal should be used only to demodulate a scheduled data channel intended for one UE.
· The common reference signal is used for CQI measurement, demodulating the common/shared control channel, and other measurement related purposes even when the dedicated reference signal is configured. 
· Node B semi-statically configures a UE to use the dedicated reference signal for data demodulation. 
· When the dedicated reference signal is configured, the allocation of orthogonal common reference signals for Antenna-port #1 and #2 should not be changed. This feature may improve the reception quality of the control channel by utilizing transmit diversity. 
· The number of streams for the dedicated reference signal is restricted to one.
· The density of the dedicated reference symbols should be equal to or greater than that for the common reference symbols for Antenna-port #1 and #2. The detailed mapping of the dedicated reference signal is FFS.

· Since demodulation using a dedicated reference signal is on a resource block (RB)-basis, fewer reference symbols can be used to interpolate the channel variation both in the time and frequency domains.

3. Simulation Evaluation on Influence of Channel Estimation Error and CQI Measurement Error
In order to clarify the influence of the channel estimation error using the dedicated reference signal and evaluate the CQI measurement error for deriving the CQI of the beam formed data channel using the common reference signal, we present our preliminary evaluation results based on link-level and system-level simulations assuming that the dedicated reference signal structure is same as that for the common reference signal for Antenna-port #1 (approximately 4.7%).
3.1. Simulation Conditions
 (a) Link-level simulation
Table 1 gives the link-level simulation parameters used in our evaluations. We assume a transmission bandwidth of 10 MHz and the sub-frame length of 1 msec. We employ QPSK, 16QAM, and 64QAM data modulation and Turbo coding with the coding rate of R = 1/3, 2/5, 1/2, 3/5, 2/3, and 3/4. We set the number of Node B antennas to eight for direction-of-arrival (DOA)-based adaptive beamforming using the dedicated reference signal and four for codebook-based beamforming using the common reference signal. The antenna separation at the Node B is set to 0.5. We assume that the same transmit antenna weights are employed for the whole bandwidth per UE. In the evaluation, the transmit antenna weights for 8-Tx antenna DOA-based adaptive beamforming are generated by directing the mainlobe toward the direction of the estimated DOA with the largest average received signal power. We assume that the DOA estimation error in uplink is 5 degrees (r.m.s). On the other hand, for 4-Tx 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 upon during the previous meeting [5]. The update interval of the transmit antenna weights is set to 50 msec. 

The channel models used in this evaluation are the six-ray Typical Urban (TU) channel model and the SCM-suburban channel model [6]. The maximum Doppler frequency is set to fD = 55.5 Hz (30 km/h). The root mean square (r.m.s) angle spread among multipaths / within multipaths at the Node B is assumed to be 5 or 10 degrees / 2 degrees while the fading correlation between the receiver antenna branches is assumed to be zero on the UE side.
Two-branch antenna diversity reception is assumed at the UE receiver. Actual channel estimation based on a 2-dimensional minimum mean squared error (MMSE) channel estimation filter is assumed. The window size for the 2-dimensional MMSE channel estimation is 1 RB (= 12 sub-carriers) and 4 RBs when the dedicated reference signals and common reference signals are used, respectively. A linear minimum mean squared error (LMMSE) receiver is applied in the evaluation.

(b) System-level simulation
Table 2 gives the major radio parameters in the system-level simulation. Since we assume common parameters with the link-level simulation, we explain only the part focused on the system-level simulation. We assume that the total transmission power at the Node B is 46 dBm per sector regardless of the number of transmit antennas and sectors. The antenna gain of the Node B is set to 14 dBi.

We assume a 19-cell configuration, where each cell has three 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, lognormal 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 assume the SCM-suburban channel model with the moving speed of 30 km/h and the r.m.s. delay spread of 0.17 sec. The r.m.s. angle spread among multipaths at the Node B is assumed to be 5 degrees.
At the UE receiver, we assume the antenna gain of 0 dBi. In order to calculate the throughput of the shared data channel with beamforming, the exponential effective signal-to-interference plus noise power ratio (SINR) mapping (EESM) method [7] is used to map the effective SINR calculated in the system level simulation to the packet error rate (PER) performance obtained from the link level simulation in the evaluation. For the downlink shared data channel, we assumed chase combining with the control delay of 6 sub-frames, 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 RB is the proportional fairness (PF) algorithm. The CQI, i.e., received SINR for AMC and scheduling is calculated using the common reference signals. The control delay in AMC and scheduling is to 3 sub-frames.
Table 1 – Simulation parameters of link-level simulation
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Table 2 – Simulation parameters of system-level simulation
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3.2. Simulation Results
(a) Link-level simulation on the influence of channel estimation error

Figures 1(a) and 1(b) show the average PER performance of 8-Tx antenna DOA-based beamforming and 4-Tx antenna codebook-based beamforming in the TU channel model where the angle spreads among multipaths are 5 and 10 degrees, respectively. We set the channel coding rate to R = 1/2. The solid lines and dotted lines show the performance assuming actual channel estimation and ideal channel estimation, respectively. The figures show that the performance degradation due to channel estimation error using the dedicated reference signal and common reference signal are approximately 2.0 dB and 1.8 dB, respectively. Therefore, the difference in the performance degradation between the channel estimation error using the dedicated reference signal and common reference signal is small. 
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(a) Angle spread among multipaths: 5 degrees
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(b) Angle spread among multipaths: 10 degrees

Figure 1 – Average PER performance in TU channel model
Figures 2(a) and 2(b) show the average PER performance of the 8-Tx antenna DOA-based beamforming and 4-Tx antenna codebook-based beamforming in the SCM-suburban channel model. The figures show that the performance degradations due to channel estimation error using the dedicated reference signal and common reference signal are approximately 1.4 dB and 1.2 dB, respectively. Similar to Figs. 1, the performance degradation due to channel estimation error using the dedicated reference signal is only 0.2 dB larger compared to that using common reference signal. 
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(a) Angle spread among multipaths: 5 degrees
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(b) Angle spread among multipaths: 10 degrees

Figure 2 – Average PER performance in SCM-suburban channel model

(b) Influence of CQI estimation error for DOA-based adaptive beamforming

When the CQI value, i.e., received SINR, estimated using the common reference signal is directly used for the data channel with user-specific beamforming, a mismatch between the actual CQI of the data channel and the estimated CQI will occur. We consider that we can estimate the actual CQI of the data channel by compensating for the CQI value of the common reference signal based on the estimated DOA(s), the average received signal power, and the transmission antenna patterns of the common reference signal and dedicated reference signal. In the evaluation, we used the following CQI compensation method as shown in Eq. (1).
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where CQI and CQI’ are the estimated CQI of the common reference signals and compensated CQI. Term wk is the transmit antenna weight of the k-th transmit antenna for the data channel, 
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Figure 3 shows the r.m.s of the CQI estimation error for DOA-based beamforming using the dedicated reference signal. The red and blue lines show the performance assuming the angle spreads of 5 and 10 degrees. The dotted and solid lines show the CQI estimation error before and after compensating for the CQI. The CQI estimation error is defined as the difference in the received SINR of the dedicated reference signal and that for the common reference signal. The results show that by compensating for the CQI of the common reference signal, we can decrease the CQI estimation error to less than 0.3 dB when the average received SINR is greater than 1 dB. Especially when the angle spread among multipaths is large, CQI compensation is more effective in reducing the CQI estimation error.
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Figure 3 – CQI estimation error using common reference signal for DOA-based beamforming

(c) System throughput performance taking into account the channel estimation error and CQI estimation error

Figures 4(a) and 4(b) show the average throughput performance and 5% cumulative distribution function (CDF) user throughput in the SCM suburban channel model when actual channel estimation and CQI estimation error are assumed. The r.m.s. angle spread among multipaths is 5 degrees. For comparison, the performance is shown for the ideal channel estimation and CQI measurement. Figures 4(a) and 4(b) show that the performance degradation in the cell throughput (5% user throughput) due to channel estimation error and CQI estimation error is approximately 5% (10%) and 6% (11%) using codebook-based beamforming and DOA-based beamforming, respectively. Therefore, the influence of the channel estimation error using the dedicated reference signal and CQI measurement error is very small (within 1%) compared to that assuming channel estimation using the common reference signal. Accordingly, we confirmed that 8-Tx antenna DOA-based beamforming can significantly increase the user throughput compared to that using 4-Tx antenna codebook based beamforming even when assuming actual channel estimation and CQI estimation error. 
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         (a) Average cell throughput 
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Figure 4 – System throughput performance

4. Conclusion

This contribution presented our views on the dedicated reference signal structure and confirmed that the influence of the channel estimation error and CQI measurement error is small based on link-level and system-level simulations. Our views on the dedicated reference signal are given below.

· The dedicated reference signal should be mandated so that we can enhance cell coverage taking into account the beamforming gain. 
· The dedicated reference signal should be used only for demodulating data channel.

· When the dedicated reference signal is configured, the allocation of the orthogonal common reference signals to Antenna-port #1 and #2 should not be changed.  

· The number of streams for the dedicated reference signal is restricted to one.

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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