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1 Introduction

Beamforming technique is based on the antenna array with the small inter element distance. In LTE R8 [1], beamforming is already supported, however only single antenna port is available. In LTE-A, enhancement of beamforming to support multi-stream transmission shall be considered to further improve the system capacity. 
In this contribution, enhanced beamforming based on spatial multiplexing and space division multiple access (SDMA) is discussed briefly. Furthermore, the potential impact on the specification is analyzed. 
2 Discussion
In LTE R8, single port transmission mode for beamforming is supported. In order to fully exploit the technical advantages of beamforming, the evolution of bamforming should be considered. From single stream beamforming to multi-stream beamforming, spatial multiplexing gain can be achieved, while from single user beamforming to multi-user beamforming, multi-users diversity gain can be achieved. In RAN1#54 meeting, simulation results have shown that there is a significant gain of enhanced beamforming [2]. In the following sections, we will firstly review technical principle of enhanced beamforming, and then discuss the impact on specification.
2.1 Spatial multiplexing
Multiple beamforming based on spatial multiplexing is the combination between spatial multiplexing and beamforming. To illustrate the multi-beamforming based on spatial multiplexing, the block diagram of the multi-stream beamforming system is shown below:
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Fig.1  Principle of multi-stream beamforming of spatial multiplexing
The principle of multi-stream beamforming is, the eNodeB gets channel state information from measurements on the uplink channels, accordingly calculates multiple sets of beamforming weight vectors, and then these vectors are applied on multiple streams of data in downlink transmission. The eNodeB transmits multiple streams of data to single UE with different beams. 
2.2  Space Division Multiple Access
Multi-user beamforming based on SDMA utilizes different channel characters among users. Multiple geographically separated UEs occupy the same time-frequency resources, and the interference among the users is mitigated with efficient multiple UE scheduling, thus the cell throughput is increased. The block diagram shown below is the principle of SDMA:
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From the above figure 2 it can be seen that, eNodeB selects group of UEs according to the channel information in uplink or feedback from the UEs, calculates the set of beamforming vectors and then applies for each UEs in the group respectively. The UEs in the group are spatially multiplexed, occupying the same time and frequency resources thus increasing the system capacity.
2.3 Impact on specification
To support enhanced beamforming, some potential impact on specification can be foreseen. We outlined three basic aspects.

· Need to define new transmission mode of PDSCH
Multi-beamforming based on spatial multiplexing and SDMA is not supported in LTE R8 specification, so new transmission mode should be considered. 

· Need to define new UE-specific reference signals 
Currently only port 5 reference signal can be used as beamforming, so the extension of UE-specific reference signal is needed. The port 5 RS pattern could be reused or designing a completely new UE specific pattern for LTE-A users. 
· Need to define control signaling of multi-streaming, including DCI format, CQI feedback mode, and etc.
Similar to other transmission modes, control mechanism should be clarified.
3 Conclusion
The beamforming technique not only increases the capacity and coverage, it is also suitable for spatial multiplexing and SDMA. SDMA based on beamforming is less sensitive to channel variation than MIMO based, and at the same time the beams are controllable so the inter-cell interference can be well managed. In TDD system, because of the channel reciprocity in uplink and downlink, beamforming based SDMA has significant advantage. The eNodeB can easily obtain the multi-user channel information in uplink, so grouping of UEs for SDMA is very easy and effective at transmitting side, resulting in less interference among SDMA UEs and thus increasing the system performance. 
From discussion above it can be seen that beamforming is a promising technique for the future cellular communication, it is the one of candidate techniques to meet the stringent requirement of LTE-A system.
1. Reference
[1] 3GPP 36.211 “Evolved Universal Terrestrial Radio Access (E-UTRA) Physical channels and modulation”, V8.3.0 
[2] R1-082792 Enhanced Beamforming Technique for LTE-A, CATT






[image: image1][image: image3.png]Vaes o,
“yysame e eaeny

}I

su MIMO based on mut
+ streams bearforming




