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1. Introduction
During the last RAN1 meeting, beamforming for E-UTRA DL was discussed ‎[1]

 REF _Ref162022347 \r \h 
‎[2]

 REF _Ref162022349 \r \h 
‎[3].  More specifically, the improvement of cell-edge data rates was discussed, and it follows from for example ‎[2]

 REF _Ref162022349 \r \h 
‎[3], that precoding, with a properly designed codebook and adequate feedback could be used to capture the benefits of beamforming.  However, as noted in ‎[1]

 REF _Ref162022347 \r \h 
‎[2], precoding is currently envisioned to be defined for up to four antennas at the base station and the support for even more antennas at the base stations is under discussion. For this purpose, the present contribution evaluates the cell edge performance for the case that the number of transmit antennas is increased up to eight. This in order to understand the potential performance gains by extending the number of antennas beyond four per sector.

2. Assumptions

The cell range is determined by the coverage of common control channels which needs to be transmitted to all terminals in the cells and for such channels the gains of beamforming may be limited. However, one straight forward way to increase the coverage of these channels for a given rate is to increase the transmit power at the expenses of lowering the transmit power of other signals transmitted simultaneously.   Additionally, certain transmit diversity schemes, such as, for example, space frequency block codes may be used. A detailed analysis of the resulting cell range is however beyond the scope of the present contribution. Instead, the cell range is varied by varying the inter-site distance.  For each cell range, the 5-percentile of the user data rate is evaluated.

Two different techniques are evaluated for both four and eight transmit antennas. 

1. Codebook based beamfoming with a codebook designed from an over-sampled DFT matrix as in ‎[4]. For four transmit antennas, a three bit codebook is used and for eight transmit antennas a four bit codebook is used.

2. Non-codebook based beamforming. The weight vector is determined as the eigenvector associated with the largest eigenvector of the long term channel transmit covariance matrix as in ‎[4].

In all cases, three sector sites with uniform linear arrays with inter element spacing equal to half a wavelength are used. Ideal, instantaneous link adaptation is used and imperfections such as delays, estimation errors and calibration errors are neglected, as is the overhead due to signaling and reference signals.  A summary of the parameters are given in the table below. 

Table 1: Models and assumptions
	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h

	Data generation
	Full buffer

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20+37.6*log(d), d = distance in meters

	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, 1000m, 1500m, 1732m, 2000m}

	General System Models

	Spectrum allocation
	5MHz

	Base station power
	20W

	Max antenna element 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 4 users per cell

	E-UTRA Characteristics

	OFDM Parameters
	According to [4]

	Overhead
	29% (1ms TTI), independent of number of antennas and beamforming technique

	Transmission scheme
	Single-stream precoding/beamforming

	Receiver
	IRC receiver

	Scheduler
	Round Robin

	Link adaptation
	Initial MCS selection with BLER target of 10%

	TCH PDU error indicator
	One PDU error indicator per stream per user, i.e. one ACK/NACK feedback per stream

	HARQ
	Not included


3. Numerical results

In Figure 1, the total cell throughput for some different intersite distances is depicted. Note that the inter-site distance (ISD) equals 3 times the cell radius for the network with 3-sectors per site configuration. As can be seen, when overhead and imperfections are neglected, performance of codebook and non-codebook based beamforming are similar for the cases with four transmit antennas. Further, when doubling the number of antennas the cell throughput gain is around 20%. The gains by counting the overhead and imperfections should be evaluated before any decision to be made.
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Figure 1 Average cell throughput as a function of intersite distance (ISD)
In Figure 2, the 5-percentile of the user data rates when scheduled are shown. As can be seen, the performance with codebook based and non-codebook based beamforming are similar for the cell edge users with four transmit antennas, while gain is of the order of 13% with eight transmit antennas. In addition, as anticipated, when doubling the number of transmit antennas, the performance improvement is of the order of 50% for small cell ranges and increasing with increasing cell radius. For ISD beyond 2 km, the gain is at least 60%. 
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Figure 2 5-percentile of user throughput 

4. Conclusions

The present contribution considered single stream downlink beamforming with four and eight transmit antennas.  The numerical examples indicated that the cell-edge data rates may be increased with at least 50% and above 60% for inter-site distances greater than 2km. The gains in terms of the average user throughput and total cell throughout are typically smaller and the codebook based and non-codebook based beamforming showed similar performance for the considered scenario.  It should be kept in mind that the coverage of common channels is to be considered when determining the actual gain as should the overhead and the impact of estimation and calibration errors and other imperfections.
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