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1. Introduction
The MIMO technology has emerged as a most promising technology for throughput enhancement of a wireless communication system. It is widely understood that in a system with MIMO channel, the spectral efficiency is much higher than that of the conventional single-antenna channels. MIMO can be defined intuitively by considering that multiple antennas are used at the transmitting end as well as the receiving end; the core idea is that signals are sampled in the spatial domain at both ends and are combined in such a way that they either create effective multiple parallel spatial data pipes, ands/or add diversity to improve the quality of communication. 
Various MIMO techniques and their impacts on specifications, including transmit diversity, spatial multiplexing, SU-/MU-MIMO, beamforming, CoMP, and their enablers such as codebooks design, CSI feedbck, and reference signals design, and so on, have been discussed in LTE RAN WG1 meetings. This document focuses on the practical aspects of deploying a smart antenna system which is capable of implementing the DL MIMO techniques effectively.
2. Discussion: Antennas Configuration for MIMO

2.1. Impact of Antenna Design on MIMO Performance 

A MIMO system can provide two types of gains: diversity gain and spatial multiplexing gain. It is pointed out in [1] that given a MIMO channel, both gains can be simultaneously obtained, but there is a fundamental tradeoff between how much of each type of gain any coding scheme can extract. 
A MIMO channel is determined by the channel characteristics (e.g. sufficient multipaths or not, strong line of sight exists or not) and the antenna arrays employed at the transmitter and receiver (small inter-element spacing, mutual coupling etc.). A key parameter characterizing a MIMO channel is the correlation among elements of the channel matrix, which is referred to as the spatial correlation in the sequel. The relationship between spatial correlation and MIMO performance is described as follows [3][4]. At the edge of the cell where signal strength is low, it is preferable to use diversity-based single layer transmission strategies that require one of the spatial channels to be significantly stronger than the others. This is possible when the spatial correlation between signals received at the antenna elements is high. In contrast, when the signal strength is high (near the eNB), it is beneficial to use spatial multiplexing strategies to increase the capacity. In this situation, spatial correlation among received signals lowers the capacity gains obtained. Thus, spatial correlation has different implications in diversity-based and spatial multiplexing-based MIMO systems. 
Spatial de-correlation can be provided by space diversity achieved with the separation of the antennas, or by the use of polarization diversity when implemented by the use of orthogonal antenna elements. Early cellular systems employed spatial diversity and typically used two vertically polarized antennas separated by a distance of ten wavelengths, or greater, at the frequency of operation. Most cellular providers have switched to polarization diversity, utilizing dual polarized antennas, which have been shown to provide equivalent if not better diversity gain as it does for spatial diversity. Actually, effective antenna designs can be used to improve MIMO performance by utilizing the following antenna diversity effects:

· Spatial diversity: spacing antenna elements far apart

· Pattern diversity: using antenna elements with orthogonal radiation patterns

· Polarization diversity: using antenna elements with different (orthogonal) polarizations.
Some more considerations of MIMO antennas deployment are stated below. Since MIMO benefits from multipath channels, the antenna design at the MIMO front end must be able to handle the changes in polarization. These changes of polarization of the transmitted signal may result from the scattering effects. Furthermore, MIMO antenna designs at the base station must be capable of effectively tolerating random orientation effects and still provide good performance at the receiver since mobile terminals might be held or placed at different orientations. Standard lease agreements for the placement of antennas, cables, and wireless equipment have become increasingly restrictive. These restrictions on antenna deployment are further constrained by the aesthetic judgments of zoning commissions and other municipal boards and property owners; installation costs increase substantially if cranes are needed when hoists are insufficient. 
To summarize, the requirements of an effective MIMO eNB antenna design are that it should [3]
· Exploit the additional spatial dimension by incorporating combinations of the effects of spatial diversity, pattern diversity, and polarization diversity in the design 

· Have a structure such that it can cope with random orientation effects at the receive side

· Be able to cope with slight changes in the polarizations of the received signals 

· Offer a fair balance between tower space occupied and performance obtained (due to the high costs associated with leasing tower space)

· Present a tradeoff between design specifications and performance obtained (especially for parameters like cross-pol isolation and port-to-port isolation).
2.2. Impacts of UE Antennas: Polarization Matching and Hand/Head Effect
In practical UE implementation, perfectly orthogonal antenna polarization is not possible. If the UE antennas are far from being orthogonal in the polarization domain, then the probability of supporting multi-layer transmission using polarization diversity is small. The more similar the UE antennas are to each other in polarization, the ability to support multi-layer transmission using polarization diversity diminishes gradually. In terms of throughput, performance decreases in the high-throughput region with an unmatched UE antenna configuration, due to the reduced ability to sustain multilayer transmission. On the contrary, in the low-throughput region, where single-layer transmission dominates, performance increases with an unmatched UE antenna configuration. 

The impacts of user hand and head effect on the UE antenna is analyzed in [5]. The mean effective gain of UE antennas decreases in the presence of a user. The user interaction and the antenna type affect the amount of the decrease. The decrease of the mean effective gain is mainly due to the signal absorption. The spatial correlation at the low frequency band is higher than at the high frequency band due to closely spaced antennas (in terms of wavelength). There is a decrease in correlation for all user interaction cases as compared to free space case. When the user is present, the interaction between the antennas, chassis, and user alters both the magnitude and phase of the radiation patterns, resulting in a reduced antenna branch correlation.
2.3. Base Station Antenna Tilting
The growing throughput demands on mobile networks has driven the need to the deployment of heterogeneous networks and to utilize a frequency re-use of one or as close to one as possible. Thus, interference mitigation/coordination is critical to system performance. Successive interference cancellation (SIC) of some strongest interferers is one of the very useful techniques. However, in practical implementation, the number of strong interfering signals that can be cancelled by SIC is not very large, and the residual intercell interference floor limits the performance gains for reasonable numbers of cancelled interferers. 
It is proposed in [2] to use antenna tilting to reduce interferers from the second tier eNBs; semi-static or static intercell interference mitigation/coordination is used to lower interference from the first tier eNBs; while the SIC is restricted to very few interferers from adjacent eNBs. As the overall interferers floor is small due to the interference coordination and antenna tilting, SIC gives a big jump in overall performance. 
3. Conclusion 
In this document, some practical issues regarding the MIMO antenna configuration were addressed, including the impact of eNB/UE antennas design on MIMO performance, and using eNB antenna tilting as a means for intercell interference mitigation. 
References
[1] L. Zheng and D. N. C. Tse, “Diversity and multiplexing: A fundamental tradeoff in multiple-antenna channels,” IEEE Transactions on Information Theory, vol. 49, no. 5, May 2003.
[2] W. Zirwas, E. Schulz, M. Schubert, W. Mennerich, V. Jungnickel, and L. Thiele, "Cooperative antenna concepts for interference mitigation," 13th European Wireless Conference, Paris, France, Apr., 2007.
[3] R. Bhagavatula, R. W. Heath, Jr., and K. Linehan, “Performance evaluation of MIMO base station antenna designs," Antenna Systems and Technology Magazine, vol. 11, no. 6, pp. 14 -17, Nov/Dec. 2008.
[4] K. Werner, J. Furuskog, M. Riback, and B. Hagerman, “Antenna configurations for 4x4 MIMO in LTE—field measurements,” Proc. IEEE VTC Spring 2010.
[5] V. Plicanic, B. K. Lau, A. Derneryd, and Z. Ying, “Actual diversity performance of a multiband diversity antenna with hand and head effects,” IEEE Transactions on Antennas and Propagation, Vol. 57, No. 5, May 2009.

