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Grid-of-Beams (GoB) Based Downlink Multi-User MIMO
Stephan SAUR, Hardy HALBAUER, Andreas RUEEGG, Frank SCHAICH
Alcatel-Lucent Bell Labs, Germany
Background
One aim of 16m is to boost the mean cell throughput. This can be achieved by establishing the principle of Space Division Multiple Access (SDMA) on top of OFDMA. One radio resource in time and frequency direction is shared among several users. Downlink Multi-User (MU)-MIMO is an important enabling building block for that. The fact that several users need to be grouped raises the question about MU-scheduling, i.e. which users will share the time and frequency allocation. The MU signal can be designed such that the mean intra-cell interference is minimized. However, the realization of an effective inter-cell interference coordination scheme, which is prerequisite for the achievement of the required performance figures in particular in systems with low frequency re-use factor, provides additional requirements and will become very difficult or even impossible without appropriate system design .       

There is the clear need of a downlink MU-MIMO scheme that maintains the possibility for inter-cell interference coordination as it can be applied today for single-user beamforming in 16e. The idea focused in this contribution is based on a fixed grid of beams. It can be designed to support inter-cell interference coordination at the same time.
Concept Description
The basic concept is that all transmission streams, represented by QAM symbols 
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, that have to be sent on the same time-frequency allocation are weighted at the BS with precoding vectors 
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 are elements of a limited set of predefined vectors, the so called fixed beams. The number of transmission streams assigned to one user is either one or two assuming that the mobile station is equipped with two receive antennas. In the case of two streams assigned to one user, either two different precoding vectors may be used for the two streams, or the same precoding vector may e used, if cross-polarized tx-antenna elements are available. In the latter case, each stream is sent on one polarization direction. This might be the preferable solution. Figure 1 shows the basic principle of this transmission scheme. The precoding matrix in Figure 1 is 
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Figure 1: Transmission scheme
The vectors 
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 shall be designed such that the corresponding radiation patterns build up a so called grid of beams as illustrated in Figure 2. 
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Figure 2: Schematic illustration of the beam grid
The example shows a set of eight different beams which exhibit spatial separation to a certain degree. At the same time, a subset of beams (e.g. two) is used to serve users in an SDMA manner. The assignment of beams to users has to be made according to the location of the respective user within the cell. The subsets (e.g. pairs) of beams shall be designed such that intra-cell interference is minimized. As an example, beams #1 and #5 could build up a suitable combination. That is, two users preferring these beams are candidates to be scheduled together on the same OFDMA allocation. 
In contrast to alternative approaches of MU-MIMO modes, the proposed scheme allows for the application of advanced inter-cell interference coordination techniques, that is however a prerequisite for cellular networks with low frequency reuse factor.  
The assignment of the beam index shall be carried out at the base station. In closed loop mode, the mobile terminal reports its preferred beam(s). The mobile station may determine its preferred beams by measuring and evaluating DL test signals, which are sent for each precoding vector. An additional standard procedure for these test signals has to be introduced. In open loop mode, the base station has to derive appropriate beams from the uplink signals (e.g. by AoA estimation).
Requirements
· In closed loop mode, the mobile station has to report preferred indices. At least three uncoded feedback bits are necessary assuming one index out of eight possible values is reported.
· The availability of downlink test signals for all possible beams can ease the MS decision which preferred beam(s) it will report to the BS in closed loop mode.
Text Proposal to SDD
------------------------------------Start text proposal------------------------------------
MIMO modes
In 16m, three MIMO modes shall be supported:

· Single-BS single-user MIMO (SU-MIMO)

· Single-BS multi-user MIMO (MU-MIMO)
· In downlink, a MU-MIMO scheme based on a limited number of possible precoding vectors building up a grid of beams with spatial separation shall be supported. This scheme aims in increasing the mean cell throughput even in cellular systems with low frequency reuse factor. Main advantage is the capability to support advanced inter-cell interference coordination techniques at the same time. The proposed scheme exhibits very low complexity and can be applied in both closed and open loop MU-MIMO. Either one or two data streams can be assigned to one user. The use of cross-polarized antennas at the base station is recommended. 
· Multi-BS MIMO:
------------------------------------End text proposal------------------------------------
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