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1. Introduction

Enhanced downlink multiple antenna transmission is one of the major features of LTE-Advanced Rel-10, which comprises enhanced SU- and MU-MIMO techniques as well as the support of up to 8 Tx antennas at the eNodeB. Several design optimizations can depend on the actual antenna number and configuration. It is therefore important that the antenna configurations foreseen to be deployed by operators are taken into account in the design phase to ensure appropriate performance on the field. Following [1], this contribution indicates the eNodeB antenna configurations foreseen to be deployed in the Rel-10 timeframe and beyond.

2. Number of antennas

Increasing the number of antennas is an efficient solution to increase capacity and cell-edge spectral efficiency within a limited spectrum. However, in the real network deployment in some regions, especially some part of Europe, it is very difficult to deploy higher number of antennas in dense urban or urban area. It is not a technical issue, rather an operational issue due to cost, size (especially weight and windload), the number of already deployed antennas on sites (GSM, 3G, sites with infrastructure sharing between operators), installation/maintenance difficulty, number of feeder cables, the difficulty to get agreements with landlords, and also the public concerns about health issues. 

For the above reasons, although it may be feasible to deploy 8 Tx antennas in some parts of the world, 2 and 4 Tx antennas are expected to remain the dominant number of antennas in LTE-Advanced deployments in some parts of the world, also beyond Rel-10. Therefore, enhancing the feedback for 4 Tx antennas should be given equal priority as designing the feedback for 8 Tx antennas. 

3. Antenna configurations

A key system design area for enhancing multiple antenna transmission is the feedback. In RAN1#60, it was agreed to use implicit feedback (PMI/CQI/RI) in Rel-10. Furthermore, a two-matrix codebook framework was agreed, one matrix targeting the wideband and/or long-term channel properties, while the other matrix targets the frequency-selective and/or short-term channel properties [2]. This codebook framework is well suited to take advantage of the channel correlation in the space, time and frequency domains. 

Due to the constraints mentioned in section 2, one particularly attractive antenna configuration for 4 and 8 antennas is closely-spaced (e.g. 0.5 to 0.7 λ) X-polarized (X-pol) antennas. Indeed, this configuration allows the total antenna width to be reduced by a factor 2 compared to a co-polarized uniform linear array (ULA) with the same inter-element spacing. What is more, the / and \ polarizations are well decorrelated, which is beneficial for SU-MIMO, while the identically polarized antennas allow directive beams to be formed, which is beneficial for cell-edge performance and MU-MIMO. All in all, this configuration provides good performance in a compact form factor. Therefore, closely-spaced X-pol antennas are expected to be widely deployed in LTE-Advanced. As a consequence, several contributions to RAN1#60bis discussed the codebook optimization for closely-spaced X-pol antennas e.g. [3], [4], [5]. 

Consider first the 4 Tx case. Although more compact than a four-element ULAs, two closely-spaced X-pol antennas will lead to fairly wide antenna radomes in frequency bands below 1 GHz (e.g. 700 MHz band in US and 800 MHz band in Europe), making their deployment challenging, or even impossible depending on the site constraints. In such situations, increasing the number of Tx antennas will force operators to deploy two radomes, leading to widely-spaced (e.g. 4 or even 10 λ) X-pol antenna configurations. Moreover, on the sites where both carrier frequencies above 1 GHz and carrier frequencies below 1 GHz will coexist, it is likely that if a two-radome solution is employed for the lower band, those radomes will be reused for the higher band as well (e.g. by having different antennas targetting different bands stacked one above the other in a single column, so that they fit in the same radome). This will lead to deploying widely-spaced X-pol antennas also for carrier frequencies above 1 GHz.
As a consequence, while it appears beneficial to optimise the 4 Tx codebook for closely-spaced X-pol antennas, the codebook design should also allow widely-spaced X-pol antenna configurations to achieve good performance. Compared to closely-spaced X-pol antennas, widely-spaced X-pol antennas are characterised by much lower correlation between the identically-polarized elements. This could be accounted for in the agreed codebook framework for instance by allowing the "long-term" codebook to have one entry equal to the identity matrix. 
The deployment of 8 Tx antennas will be subject to the same constraint on the antenna radome width for practical deployment. Two closely-spaced X-pol antennas will not be problematic in higher frequencies, but four closely-spaced X-pol antennas will lead to fairly wide antenna radomes. Therefore, widely-spaced sets of closely-spaced columns, i.e. X X      X X appears to be a useful configuration to consider in addition to those prioritized in [6]. 

Note that since ULAs lead to a larger antenna radome width compared to X-pol antennas for the same number of antenna elements, ULAs are not foreseen to constitute an interesting alternative for practical deployments.  In particular, even a two-element closely-spaced ULA at carrier frequency of 800 MHz is expected to lead to the same radome width as 4 antenna elements arranged as a pair of closely-spaced X-pol antennas. Nevertheless, the two closely-spaced co-polarized antennas configuration (| |) could be benefical in the 800 MHz band, to provide LTE/DVB-T isolation in areas where DVB-T is horizontally polarized.
4. Configurations prioritization 
Based on the discussion in section 3, we propose the following antenna configurations to be considered in the system design for each number of antennas, with the following prioritization order.  

•
2 Tx antennas

1.
1 column, cross-polarized: X
2.
2 columns, closely-spaced co-polarized: | |
•
4 Tx antennas

1.
2 columns, cross-polarized on each column, closely-spaced: X X
2.
2 columns, cross-polarized on each column, widely-spaced: X      X 

3.
4 columns, co-polarized, closely-spaced: | | | |
•
8 Tx antennas

1.
4 columns, cross-polarized on each column, closely-spaced: X X X X
2.   8 columns, co-polarized, closely-spaced: | | | | | | | |
3.
4 columns, cross-polarized on each column, widely spaced: X      X       X      X 
4.   4 columns, cross-polarized on each column, 2 widely-spaced sets of closely-spaced columns: X X      X X
Where closely-spaced refers to e.g. 0.5-0.7 λ , and widely-spaced to e.g. 4-10 λ .
Note that the 2 Tx prioritization is for information only, because it is not expected to define a new codebook for 2 Tx in Rel-10.

5. Conclusions
This contribution has presented the eNodeB antenna configurations foreseen to be deployed in the field for LTE-Advanced in Rel-10 and beyond, based on practical deployment constraints. The main conclusions are as follows:
· 2 and 4 Tx antennas are expected to remain the dominant number of antennas in LTE-Advanced deployments in some parts of the world. Therefore, enhancing the feedback for 4 Tx antennas should be given equal priority as designing the feedback for 8 Tx antennas.
· There will be different configurations deployed on the field, so the 4 Tx and 8 Tx codebook designs, while optimised for some particular antenna configurations, should allow the system to achieve good performance over a wide range of configurations. In particular, both correlated channels and uncorrelated channels should be considered in the Rel-10 codebooks design.
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