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1. Introduction
Dedicated reference symbols for use in TDD frame structure type 2 has been extensively discussed in 3GPP [1][2][3][4]. In RAN 1 meeting #48bis it was decided frame structure type 2 should support a per UE semi-statically configurable single-stream dedicated reference symbol based beamforming MIMO mode [6] in order to provide support of cells with more than four antenna elements. In principle, exactly the same arguments should apply equally well for frame structure type 1. From this point of view, it seems natural to adopt similar functionality in frame structure type 1 as well. 

During the Ad Hoc session on the topic in RAN 1 meeting #49bis, system level simulation results illustrating benefits of using eight antenna non-codebook based dedicated beamforming over the currently supported 4 Tx antenna codebook based precoding/beamforming were presented. Concerns were however raised that the CQI reporting mechanism assumed in the presented investigations was ideal and thus the use of larger antenna array sizes would in practice increase the problems of inter-cell interference predictability (also known as flash light effect) to such a large extent so that the investigated dedicated beamforming approach would in practice show no significant gains. 

This contribution addresses the concern of inaccurate flash light modeling and presents system level simulation results showing that that the flash light effect does not constitute a reason to exclude support of dedicated reference symbols. The contribution also provides a brief discussion on some of the benefits of extending the agreed dedicated beamforming approach to frame structure type 1 as well, including a comparison with the obvious approach of exploiting higher order sectorization. 

2. Performance Evaluation

System level simulations have been conducted to compare the performance of beamforming based on dedicated reference symbols with the performance of codebook based rank one precoding/beamforming. Since a potentially important advantage of dedicated reference symbols is that they provide support of non-codebook based precoding useful for exploiting antenna arrays with more elements than the present limit of four, setups with sectors using four and eight elements were considered. 
2.1. Simulation Assumptions

In the evaluations, the three beamforming schemes listed below were considered. 

1. Four transmit antenna elements per sector:  Codebook based beamfoming with a codebook designed from an over-sampled DFT matrix, corresponding to the eight beamforming vector presented in the 4 Tx codebook ‎[7].
2. Four transmit antenna elements per sector:  Non-codebook based beamfoming. The weight vector is determined as the eigenvector associated with the largest eigenvector of the long-term channel covariance matrix as in ‎[4].

3. Eight transmit antenna elements per sector: Non-codebook based beamforming. The weight vector is determined as the eigenvector associated with the largest eigenvector of the long-term channel covariance matrix as in ‎[4].

In all cases, three sector sites with uniform linear arrays with inter element spacing equal to half a wavelength were used. To model the flash light effect, 5 ms feedback delay is assumed for CQI reporting. CQI quantization and estimation noise is modeled as unbiased normal distributed with the standard deviation of 1dB. HARQ-IR is implemented to support up to three transmission attempts. 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, 2000m, 4000m}

	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

	HARQ
	HARQ-IR, up to 3 transmission tries

	Channel estimation
	Perfect estimation at receiver, 5ms feedback delay of precoding decision

	Channel quality estimation
	5ms feedback delay, CQI transmission error ~ (0, 1dB)

	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, no SIC

	Scheduler
	Round Robin

	Link adaptation
	Initial MCS selection with BLER target of 10%


2.2. Numerical Results for a Three-Sectors per Site System
Figure 1 depicts the total cell throughput for some different inter-site distances (ISD). Note that the ISD equals 3 times the cell radius for the network with three-sectors per site configuration. As can be seen, when doubling the number of antennas from four to eight by using non-codebook based precoding, the cell throughput gain is more than 20%. Note also that for the system with four antenna elements per sector, the performance of non-codebook based beamforming is marginally better than that of the codebook based one. 
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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. In addition, even with included modeling of the flash light effect, when doubling the number of transmit antennas, the performance improvement is, as anticipated, on the order of 50% for small cell ranges and increasing with increasing cell radius. For ISD beyond 4 km, the gain is more than 100%. 
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Figure 2: 5-percentile of user throughput.

3. Discussion

The presented simulation results clearly illustrate that even when the impact of the flash light effect is taken into account, 8 Tx beamforming through the use of non-codebook based precoding based on dedicated reference symbols exhibits considerable gains and in the same order as intuitively expected. This can be attributed to increased array gain and reduced average inter-cell interference.

Another way of exploiting eight antennas is to use higher order sectorization and divide each 120-degree sector into two four antenna 60-degree sectors. The currently supported codebook based precoding approach can then be used in such a setup, which hence constitutes a reasonable benchmark to assess the dedicated beamforming approach of using eight antennas per sector in a three sector deployment. To make such a comparison fair, the same power per PA should be assumed in the two setups. This implies that the transmission power per sector is halved in the six-sector configuration. Even though the total array gain (including the antenna diagrams) is rather similar in both cases, this reduction of power for the HOS method means the SINR in noise limited scenarios should theoretically be around 3 dB lower than with the dedicated beamforming method. This should, in a system with reasonable operating points of the control signaling versus data channels, translate into a considerable throughput gain for the UEs on the cell-edge when dedicated beamforming is used. For low load scenarios, the SDMA effect of HOS is irrelevant and also the average throughput per site should benefit from the use of dedicated beamforming.

4. Conclusions

The present contribution considered frame structure type 1 and presented system level simulations comparing non-codebook based 8 Tx beamforming (as supported by dedicated reference symbols) with the present option of 4 Tx codebook based precoding. The numerical examples indicate that previous concerns of the flash light effect rendering marginal 8 Tx gains are unwarranted. Cell-edge data rates increased with at least 50% and above 100% for inter-site distances around 2 km and greater than 4 km, respectively. A comparison with a higher order sectorization approach also seems to show gains in favor of 8 Tx dedicated beamforming,

The described gains provided by supporting more than four antenna elements beamforming by means of non-codebook based precoding, illustrate the benefits of introducing dedicated reference symbols. Frame structure type 2 has already been concluded to benefit from dedicated reference symbols for single-stream beamforming and we see no reason why the conclusions for frame structure type 1 and type 2 should differ. Commonality also points in the direction of adopting similar functionality in frame structure type 1.

Based on the above, we thus propose that dedicated reference symbols should be introduced in frame structure type 1 in a similar manner as has already been decided for frame structure type 2.
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