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1. Introduction

Beamforming is a technique that converts antenna domain processing to beam domain processing and has been agreed as one of the MIMO modes in TR 25.814 [1]. Another scheme having such a type of MIMO processing is the precoding when applied to spatial multiplexing. To avoid the confusion between beamforming and precoding, some contributions have made a clarification on the differences between them [2]-[4]. In particular, the issues for dedicated beamforming have been gradually received a lot of respects in previous RAN1 meetings due to its noticeable improvement of coverage of low data rate and easy implementation [5]-[7]. In this contribution, we thus discuss the possibility of dedicated beamforming with more than four antennas supported in E-UTRA DL.
2. Design Issues of DL Beamforming with More Than Four Antennas
In previous RAN1 meetings, it has been investigated via simulations by many companies [5]-[8] that the DL beamforming with large number of transmit antennas indeed is a more reasonable solution to improve the link quality (through beamforming gain) to effectively increase the cell-edge throughput and coverage. Among them, some common design issues have been investigated.
· Pilot design issue: Beamformed and dedicated pilot
Common reference signal (RS) designed and allocated at the antenna domain is supported for CQI measurement and/or DL channel estimation in current E-UTRA DL with up to four transmit antennas [1], [9]. Necessary of the orthogonality at the antenna domain should thus be considered. However, for the case of MIMO modes with more than four antennas (e.g., eight antennas), complicated RS design and large signal overhead will be needed to satisfy the antenna domain orthogonality property. To release such a strong limitation, precoded or beamformed RS (i.e., RS is inserted before precoding/beamforming) is thus considered [2], [3], [5]-[8], [10]-[12]. In this case, the number of orthogonal pilot sets will be equal to the number of virtual antennas (i.e. number of beams). On the other hand, for those UEs at the cell boundary needing better link quality through DL beamforming with large number of antennas, a UE-specific RS which is also called the dedicated RS, should be supported. To this end, dedicated pilot is the simplest method for supporting the DL beamforming with more than four antennas.
· Beamforming design issue: Long-term (non-codebook based) beamforming with small antenna spacing
Codebook-based precoding whatever applied to FDD or TDD mode is agreed for current E-UTRA DL [1], [9]. For such a type of precoding, Node B needs to send the common RS to UE such that the UE can estimate the DL channel for precoding weight calculation. On the other hand, the final-decision precoding matrix index (PMI) should also be signalled by Node B via L1/L2 control channel to that UE for data demodulation. Common RSs and L1/L2 control signals for PMI indication will thus determine the amount of DL signal overhead for precoding. To reduce the DL overhead for precoding, Motorola has proposed to modify the common RS and add the dedicated RS to antenna domain instead of using L1/L2 control signal to send the PMI to UE [10]. Another method similar to that proposed in [10] but based on a non-codebook based (DOA-based) beamforming with small antenna spacing using more than four antennas was proposed in [3], [7], [8], [11], [12]. Since only the DOA information, which is a long-term average parameter and common in UL and DL, needs to be estimated and can be obtained via UL channel sounding in such a non-codebook based beamforming even in FDD, the feedback overhead and control signal for beamforming codebook index indication is no long required, making the total signal overhead more efficient.
Summarizing above, following advantages can be reached if the non-codebook based dedicated beamforming with more than four antennas is considered in E-UTRA DL [2], [3], [7], [8], [11], [12]:
· increase in cell-edge throughput and cell coverage,
· easy support of large number of transmit antennas,
· less orthogonal RS requirement,
· lower receiver computational complexity,
· no requirement of control signal and feedback overhead for PMI indication,
· and lower tracking overhead.
3. Conclusion
In this contribution, based on the above discussions, we identify some feasible solutions for supporting the DL beamforming with more than four antennas in E-UTRA DL:
· Beamformed and dedicated pilot
· Long-term (non-codebook based) beamforming with small antenna spacing.
Based on above design properties, many advantages can thus be reached.
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