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1. Introduction

Long(er)-term beamforming has been shown to improve the cell-edge data rates in E-UTRA DL [2]. Therefore, beamforming is a very interesting feature in order to achieve the cell-edge data rate requirements for E-UTRA. 
During the last RAN1 meeting some interesting discussion related to DOA based beamforming [1] took place. In this contribution the difference between precoding and beamforming is discussed. Moreover it is shown how the precoding being currently specified for E-UTRA DL SU-MIMO can be used for long(er)-term beamforming in order to improve the cell-edge data rates. 

2. Beamforming methods

Beamforming, as considered in [1,2], assumes a linear transmission weight to be applied for multi-antenna transmission from the eNodeB in order to e.g. maximize the average received signal power at the terminal position. In order to adapt the transmission weights to the varying channel conditions two ways of updating the weights can be thought of

· Uplink estimation based downlink beamforming: From the received UL signals some channel parameters are extracted which are the same in UL and DL direction. In case of FDD systems, e.g. the Direction-Of-Arrival (DOA), as mentioned in [1], can be used for DOA based beamforming [3]. 
In the DOA based beamforming, the dominant direction of arrival is estimated using an antenna array with certain geometry, e.g. Uniform Linear Array (ULA) or Uniform Circular Array (UCA), with a small inter-element distance (d≤(/2). This directional information is then utilized to steer a transmission beam created by linear weighting (precoding) towards the terminal. In order to perform the estimation of the DOA and the corresponding precoding, the antenna array including the RF front-end of the eNodeB has to be amplitude and phase calibrated. The DOA estimation performs well in case of a single dominant direction of arrival or a small angular spread (AS) in general. In case of increasing angular spread (or several dominant DOAs), the DOA estimation accuracy as well as the resulting beamforming/array gain of DOA based beamforming are deteriorated. 
· The idea of using feedback signaling for DL beamforming purposes goes back to [4]. Common, antenna specific reference signals are transmitted from the eNodeB and the terminal feeds back either the channel estimate directly (as in the original proposal) or the optimal weight out of a set of possible transmission weights. This operation mode is also the basis for the precoding discussed and used for E-UTRA DL SU-MIMO. Terminal feedback based beamforming can be used for arbitrary antenna array geometries, inter-element distances and works independently on the existence of a single dominant DOA or small AS of the mobile radio channel. 
Therefore, we can distinguish between UL estimation based DL beamforming and UL feedback based DL beamforming. 
In contrast to closed loop TX diversity which tries to achieve array gain and diversity gain based on the current channel realization, beamforming tries to improve only the average received signal quality by adapting the transmission weights on a long(er) term scale and thereby achieving the array/beamforming gain. The methods are similar in a way, that both try to improve the received signal strength at the terminal position by performing linear weighting of the transmit antennas. What is different is the adaptation of the UE feedback – either on the current channel realization as in case of CL TX diversity or based on the long(er)-term, average channel as in case of e.g. the EigenBeamForming (EBF) mentioned in [2]. 
The basic differences between CL TX diversity/short-term precoding to beamforming based on UL feedback as well as DOA based beamforming are pointed out in Table 1.
Table 1: Comparison of CL TX Diversity, Feedback based beamforming and DOA based beamforming (BF)  
	
	DOA based BF
	Feedback based BF
	CL TX diversity

	Weight adaptation
	Long(er)-term(>100ms)
	Long(er)-term (>100ms)
	Short-term (<10ms)

	Antenna setup
	Specific antenna array geometries, antenna spacing d≤(/2
	Basically no restrictions – best gains for smaller antenna spacing; works also for non-regular antenna setups and d>(/2
	No restrictions

	eNodeB RF calibration needed?
	Yes
	No
	No

	Achievable gains
	Array/beamforming gain
	Array/beamforming gain
	Array and diversity gain

	Preferred propagation environments
	LOS or small angular spread (AS)
	Small angular spreads (AS)  – the gain gets just lower for higher AS 
	No restrictions

	Reference signals
	Dedicated beamformed pilots (+ common, antenna specific pilots for e.g. CQI estimation)
	Common, antenna specific pilots
	Common, antenna specific pilots

	Effect of terminal speed
	Minor
	Minor
	For higher speeds losses due to the feedback delay 


Basically, in order to be able to use the less-restrictive feedback based beamforming, the E-UTRAN specifications would need to support: 

· Common reference signals 

· Support of UE feedback based precoding

· Longer-term feedback (in contrast to CL TX diversity).
From the current MIMO related discussions for E-UTRA it can be seen that these 3 requirements will be/are already supported by E-UTRA: 
· Common reference signals for 2TX and 4TX antennas are defined in [7]
· Precoding for DL SU-MIMO – codebook sizes for single stream transmission of ~3bit for 2TX antennas and ~4-5bit for 4TX antennas [6]
· The feedback granularity of the precoding in time and frequency is configured by the network (current working assumption, agreed at RAN1#47bis [5]) 

Therefore, long(er)-term beamforming will be automatically possible with the support of precoded SU-MIMO already as UE feedback based beamforming. Considering the additional complexity related to dedicated pilots needed for detection of DOA based BF as well as the calibrated hardware and further taking the rather restrictive antenna setups into account, we suggest to not support an additional, second long(er)-term beamforming mode based on DOA estimation in DL E-UTRA.
3. Summary and Conclusion

In this contribution we show, that long(er)-term beamforming based on UE feedback is already possible with the support of precoded DL SU-MIMO. Considering the additional requirements and restrictions that a second beamforming mode based on UL DOA estimation [2] would create, namely 

· dedicated pilots

· calibrated eNodeB RF hardware 

· certain restricted antenna geometries (e.g. Uniform Linear Array, d≤(/2),
we see currently no reason to support DOA based beamforming in DL E-UTRA. 
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