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1. Introduction
Although there was discussion on the need for a dedicated reference signal in the downlink reference signal session at the Riga meeting, focus was placed on the precoding in MIMO multiplexing with a relatively large antenna separation. On the other hand, we consider that beam-forming using a narrow antenna separation should be supported in the E-UTRA to achieve an increase in the cell edge throughput and coverage. This contribution presents the need for a dedicated reference signal considering the beam-forming.
2. Necessity of Downlink Dedicated Reference Signal for Beam-forming
2.1. Importance of Beam-forming in E-UTRA
Most operators including NTT DoCoMo consider that increased cell-edge throughput and coverage are very important requirements for the E-UTRA. To achieve this, beam-forming at the Node B using multiple antennas with a narrow antenna spacing is very promising (see e.g. [1]).
Figure 1 shows the transmitter beam-forming at the Node B for the downlink. In the downlink precoding using multiple antennas with a wide antenna separation, a UE must feedback the preferred precoding information since the optimum transmitter antenna weight (precoding vector/matrix) depends on the instantaneous fading variation. However, in the transmitter beam-forming at the Node B for the downlink, the transmitter antenna weight tracks only slow variation in the channel such as the direction of arrival (DoA) and the average path loss of each UE, which is common between the uplink and downlink. Therefore, feedback information from the UE is not needed in beam-forming at the Node B. The average channel information (DoA and average path loss) required for transmitter weight generation can be detected at the Node B using the received signals in the uplink.
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Figure 1 – Downlink beam-forming at Node B
Table 1 shows a comparison between precoding and beam-forming. 

Table 1 – Comparison between precoding and beam-forming
	Item
	Precoding
	Beam-forming

	Antenna separation
	Wide is desirable
	Typically narrow (e.g. half of the wavelength)

	Feedback of antenna weight information from UE
	Required. Number of bits is basically proportional to the number of antennas
	Not required

	Tracking ability to fast fading
	Not good due to feedback delay
	Good since the generated antenna weight is needed to track only the DoA and average path loss

	Orthogonal “common” reference signal for each antenna
	Required. The overhead of the orthogonal reference signal increases according to the increase in number of transmitter antennas
	Not required. One sector-beamed reference signal is sufficient

	Dedicated reference signal
	Not needed
	Required

	RF circuitry calibration
	Not necessarily required
	Required


From the table, we can see that precoding and beam-forming do not compete with each other, rather they complement each other in the support of various cell deployments. Precoding is more suitable for relatively small cells with two to four antennas mainly for increasing the user throughput for low mobility users. Meanwhile, beam-forming is suitable for large cells with relatively large numbers of antennas such as more than four to increase the cell-edge user throughput and coverage of the control channel for all mobility users. Therefore, we recommend that E-UTRA should support both precoding and beam-forming.
2.2. Necessity of Specification of Downlink Dedicated Reference Signal
Specifications required for supporting beam-forming is not so many, since antenna weight generation and RF circuitry calibration are implementation issues. However, the downlink dedicate reference signal must certainly be specified to support beam-forming.

Figure 2 shows an example of the transmission of the downlink dedicated reference signal. The transmitter antenna weight of the dedicated reference signal is the same as that of the shared data channel. If downlink beam-forming is also applied also to the downlink L1/L2 control channel, the dedicated reference signal is also used to demodulate the downlink L1/L2 control channel. In this case, the downlink dedicated reference signal should be mapped to the assigned RB for the downlink shared data channel and the frequency block for the downlink L1/L2 control channel.
Since all the UEs with the capability of using the downlink dedicated reference signal can achieve the benefit of beam-forming gain if the Node B has the capability of beam-forming, our preference is that the use of the downlink dedicated reference signal be mandatory for all UEs and the use of the downlink dedicated reference signal be controlled in a cell-specific manner.
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Figure 2 – Downlink dedicated reference signal for beam-forming
3. Conclusion

Precoding and beam-forming do not compete with each other; rather they complement each other to support various cell deployments. Precoding is more suitable for relatively small cells with two to four antennas mainly to increase the user throughput for low mobility users. Meanwhile, beam-forming is suitable for large cells with relatively large numbers of antennas such as more than four to increase the cell-edge user throughput and coverage of the control channel for all mobility users. Therefore, we strongly recommend that E-UTRA support both precoding and beam-forming.

To support beam-forming, the downlink dedicated reference signal should be specified. To achieve the merits of beam-forming gain, our preference is that the use of the downlink dedicated reference signal be mandatory for all UEs and the use of the downlink dedicated reference signal be controlled in a cell-specific manner.
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