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1. Introduction
Beamforming has shown great potentials in providing high performance. In ‎[1] it was shown that using beamforming is one way to reach the targets on user throughput and spectrum efficiency of  ‎[2]. In this contribution we compare the performance of different beamforming implementations and also discuss the signaling overhead required for different implementations. To be precise, we compare a “code-book” based concept that obtain beamforming vectors by feedback from the UE in each TTI to one concept that rely on slow (or none) feedback from the terminals.
Short term EigenBeamForming (ST-EBF): Here the Tx and Rx weights are determined with the granularity of 12 sub-carriers and updated every TTI. The preferred BF weights are determined from the SVD of the Tx channel matrix, hence the right and left principal singular vectors are used as Tx and Rx BF weights. This is sometimes termed SVD-MIMO in the literature, and can, for a single link correspond to the optimal scheme.

Long Term EigenBeamForming (LT-EBF): Here the same BF weight is used for all resource blocks. The Tx weight is obtained from the average Tx channel correlation matrix, and updated once per radio frame (10ms). No explicit Tx weights are calculated, instead an IRC receiver is used.
2. Models and Assumptions
The models and assumptions used in the simulations are listed in Table 1, and are aligned with those in ‎[3].
Table 1: Models and assumptions.
	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h

	Data generation
	Full buffer, number of users varied to vary the load

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20*+37.6*log(d), d = distance in meters, *0 for ISD=7500m

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	SCM Suburban Macro

	Cell layout
	Hexagonal grid, 3-sector sites, 21 sectors in total

	Inter-Site Distance
	500m

	General System Models

	Spectrum allocation
	5MHz

	Base station power
	20W

	Max antenna gain
	14dBi

	Modulation and coding schemes
	QPSK, 16QAM, and 64QAM, Rel-6 turbo codes, rates 0.1, 0.14, 0.2, 0.25, 0.33, 0.4, 0.5, 0.6, 0.67, 0.75, 0.8, 0.89

	Channel estimation
	Ideal (link-level evaluations indicate a channel estimation loss of 0.2dB)

	Channel quality estimation
	Instant (no delay)        error-free feedback

	Reuse
	Uncoordinated reuse 1

	Traffic load
	Averagely {0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 4.0} users per cell

	E-UTRA Characteristics

	OFDM Parameters
	According to ‎[3]

	Overhead
	29% (0.5ms TTI)

	Transmission scheme
	See Section 1

	Receiver
	IRC receiver

	Scheduler
	Round Robin

	Link adaptation
	Initial MCS selection with BLER target of 10%/Nstreams.


3. System level performance results
Mean and cell-edge user throughput versus served traffic per sector for an ISD of 500 m and 0.5 ms TTI are shown in Figure 1 for different Tx antenna separation. As expected, the difference between ST-EBF and LT-EBF is rather small for 0.5( separation while LT-EBF gives little gain at 10( Tx antenna separation. As observed in ‎[4], the correlation in the 4( case is large enough to provide a reasonable BF gain even for LT-EBF.

[image: image1.png]User Throughput [Mbps]

0.5%wavelength

—+— Mean slow EBF
-1 =+- 5th percentile,slow EBF
—e— Mean fast EBF
—o- 5th percentile fast EBF

Served Traffic IMbps]



[image: image2.png]User Throughput [Mbps]

case b, 1-stream EBF2x2, tx ant separation = 4*wavelength

—+— Mean slow EBF
—+- 5th percentile slow EBF
—e— Mean fast EBF
-| —e- 5th percentile fast EBF

Sarved Traffic IMbps]




[image: image3.png]User Throughput [Mbps]

ca
167

se1b, 1-str

—+— Mean slow EBF
-| =4= 5th percentile slow EBF
—e— Mean fast EBF
-| —e- 5th percentile fast EBF

6 7 8 9
Sarved Traffic IMbps]




Figure 1: Comparison between F-EBF and S-EBF for different Tx antenna separation.
It is further noted that the gain in served traffic for ST-EBF (10 wavelength Tx antenna separation) is in the order of 20% compared to LT-EBF in highly loaded cells. For cell-edge users, the gain is slightly larger, approximately 30% gain in served traffic can be observed in Figure 1.
4. Feedback signaling load
When comparing the performance of long- and short term beamforming, not only served traffic or throughput is of interest, but also the signaling overhead required by each method. Here, we have considered perfect knowledge of the eigenvectors, i.e. no quantization is performed. In practice, we foresee that a code-book is used, at least for the ST-EBF implementation.
Assuming that 2-3 bits per RB are required to have reasonable performance ‎[5], this means that the feedback load is in the order of 30kbps/user (assuming 12 RB/5MHz each having 2.5 bit allocated for antenna weight feedback).
This indicate that the overhead associated with short term weight updates might not be motivated by the relatively small gain compared to beamforming methods based on long term channel statistics. With the same calculations as above, the feedback overhead associated with LT-EBF is in the order of 300bps (3 bits every 10ms).
It is also noted that for closely spaced antennas with high correlation, the weights can be obtained from UL measurements techniques (with or without feedback), hence reducing the feedback load even more. 


5. Summary and conclusions

From the above it is clear that short term based beamforming may provide some benefit in terms of performance. This is especially evident when the antenna geometry and channel characteristics provide low correlation between the antennas. The price paid for this gain is an increased overhead in form of antenna weights that need to be signaled in each TTI. For the case when there is high correlation between the Tx antennas, the performance difference between ST and LT-EBF is small. Hence, the larger signaling load of ST-EBF do not pay off in increased performance.

Taking the above into consideration, it is far from obvious that beamforming should be based on short-term feedback alone. By providing support for beamforming methods that rely on long-term statistics a more efficient system can be obtained. 
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