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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]. The system performance of single-stream beamforming with different time and frequency domain granularities were discussed in ‎[3].

In this contribution we focus on the multi-stream beamforming implementations with ACK/NACK feedback per TTI and not per stream, and try to find out the required signaling overhead, i.e. whether the beamforming vectors are needed per resource block, or per TTI or with longer update period. In addition, the performance of different transmit antenna separation, from 0.5 to 10 wavelengths, are compared as well.

Short term EigenBeamForming (ST-EBF): Also called ‘fast EBF’. Here the Tx and Rx weights are determined with the granularity of 25 sub-carriers and updated every TTI. Based on the channel matrix 
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 and the covariance matrix 
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 of the inter-cell interference and the noise, the preferred BF weights are determined from the SVD of 
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, 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.

Long Term EigenBeamForming (LT-EBF): Also called ‘slow EBF’. Here the same Tx 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 Rx weights are calculated, instead an IRC receiver is used, which can obtain better performance than the SVD-MIMO when the Tx and Rx weights are not optimally designed.
For the multi-stream EBF, uniform power allocation among all streams is used for LT-EBF. However, to make full use of the time, frequency and spatial domain diversity, a simplified on/off power allocation scheme for different streams is used in ST-EBF.
2. Models and Assumptions
The models and assumptions used in the simulations are listed in Table 1, and are aligned with those in ‎[2].
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 (ISD)
	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

	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 [2]

	Overhead
	29% (0.5ms TTI), same for LT-EBF and ST-EBF

	Transmission scheme
	See Section 1

	Receiver
	IRC receiver with SIC for LT-EBF, SVD-MIMO receiver with SIC for ST-EBF

	Scheduler
	Round Robin

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

	TCH PDU error indicator
	One PDU error indicator for all the streams per TTI per user, i.e. one ACK/NACK feedback for all the streams


3. System level performance results
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Figure 1: Comparison between LT-EBF and ST-EBF for different Tx antenna separations.
3.1. 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 10( separation, while ST-EBF gives a large gain at 0.5( Tx antenna separation. The correlation in the 4( case is large enough to provide stable BF gain even for LT-EBF.Due to the on/off power allocation among the streams (rank selection), the multi-stream ST-EBF is observed to be very stable against Tx antenna separation. The same conclusion is drawn for the single-stream ST-EBF in ‎[3]. However, it is found that ST-EBF with uniform power allocation is very sensitive to the channel correlation. 

How important the frequency domain power allocation among the multiple streams is to the multi-stream EBF is shown in Figure 3 at 4( Tx antenna separation. The TTI-wise on/off power allocation (1RB/5MHz) is fast mode switching, i.e. the ST-EBF can select either single stream or multi-stream transmission based on the instant channel correlation. It is interesting to note that frequency domain power allocation and Tx beamforming do not bring large gain at 4( Tx antenna separation. Less than 10% cell throughput gain in middle load scenario. Accordingly, it seems reasonable to have the EBF feedback and signaling overhead per TTI instead of per resource block.
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Figure 2: ST-EBF with uniform PA for different Tx antenna separations.
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Figure 3: Frequency-domain granularity for ST-EBF+on/off PA for Tx antenna separation=4(.
3.2. SINR distributions for the transmit antenna separation

Figure 1 and Figure 2 show that the performance of the multi-stream EBF is, as expected, very poor in the case of very strong channel correlation, e.g. at 0.5( Tx antenna separation, if without power allocation or mode-switching. To analyze this further, Figure 4 shows the SINR distributions of LT-EBF and ST-EBF in different scenarios respectively, where stream1 is the first decoded stream, and stream 2 is the secondly decoded stream with SIC gain. Based on the analysis of SINR distribution, the reason is found to be the PDU error model. Only single ACK/NACK feedback is used for the multiple streams per TTI per user, thus both streams are deemed to be error if the codebook is not decoded correctly for any stream. From Figure 4, it can be found that the weaker stream of LT-EBF suffers from very bad channel quality at 0.5( Tx antenna separation, for which even the most robust MCS cannot satisfy the BLEP target requirement, therefore the strong stream will also deemed to not be decoded correctly. However, with mode-switch or on/off power allocation, the very weak stream in the ST-EBF is almost always turned off, which ensures the correct receiving of the strong stream.
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Figure 4: The SINR distribution of LT-EBF and ST-EBF for different Tx antenna separation, IRC&SIC,  4users/sector.
In addition, Figure 1 show that the ST-EBF with on/off PA does not outperforms LT-EBF in very low load scenario, say 0.2 user/cell, which differs from what can be expected. Accordingly, Figure 5 shows the corresponding ST-EBF and LT-EBF SINR distribution of the two streams at 10*wavelength, where the on/off PA is almost of no use. It can be noted that the strong stream in ST-EBF has higher SINR than that in LT-EBF, but the weak stream in ST-EBF is weaker than that in LT-EBF. Hence, there is a clear beamforming gain if the first stream, however since the second stream is equally worse, there is no net gain with ST-EBF here. If based on Shannon capacity equation with an ideal AWGN modulator, and with ACK/NACK feedback per stream, the ST-EBF should achieve better performance. However, the traditional derivation which is used in many publications is based on the Shannon capacity with an ideal AWGN modulator, which highlights the high SINR values too much. Considering the highest modulation order of 64QAM, the highest throughput is almost reached when SINR>23dB, as shown in Figure 6. Therefore, the gain due to the strong stream of ST-EBF does not really complement the loss due to the weak stream of ST-EBF totally, and the total throughput is limited by the block error probability of the weak stream. 
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Figure 5: The SINR distribution of LT-EBF and ST-EBF for different Tx antenna separation, IRC&SIC, 4users/sector.
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Figure 6: SINR-to-Normalized throughput map, AWGN.
4. Summary and conclusions

From the above it is clear that short term based multi-stream beamforming may provide some benefit in terms of performance, especially at high load scenario. It is shown that the mode-switching or the on/off power allocation among the multiple streams makes the multi-stream EBF very stable against the Tx antenna separation, when only one ACK/NACK feedback is used for multi-stream transmission. As expected in [3,4], the Tx antenna separation of 4( is large enough to get good multi-stream throughput gain.

Limited by the TCH PDU error indicator per TTI, i.e. ACK/NACK feedback per TTI, it is found that the time-domain fast mode-switching can reach more than 90% cell throughput of the resource-block-wise on/off power allocation at 4( Tx antenna separation for 5MHz bandwidth. Accordingly, it seem good enough to have the EBF feedback and signaling overhead per TTI instead of per resource block for 5MHz. 
References
[1] R1-061865, “E-UTRA Downlink User Throughput and Spectrum Efficiency Evaluation with Beamforming”, TSG RAN WG1 LTE AdHoc, June, 2006.

[2] 3GPP TR 25.913, “Requirements for Evolved UTRA and Evolved UTRAN”.

[3] R1-062857, “Beamforming in EUTRA”, TSG RAN WG1 #46bis, November, 2006.

[4] R1-062355, “Precoding for single stream transmission from 2TX antennas”, TSG RAN WG1 #46, August, 2006.

_1223469908.unknown

_1223469931.unknown

_1223469855.unknown

