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1. Introduction

Numerous MIMO contributions have been discussed for E-UTRA. This makes a comparison of the proposals difficult. Therefore, in this document a generic, unified transmitter architecture [1, 2, 3] is presented to facilitate classification and to establish the use of a common terminology. It exceeds the two-dimensional diagrams of the MIMO transmission systems proposed so far (e.g. [12]) by using the third dimension to visualize the frequency-division system component.
2. Generic MIMO-OFDM transmitter architecture
Originating from [2], Figure 1 depicts a generic MIMO-OFDM transmitter architecture. Some simplifications compared to [2] (e.g. removal of non-linear multi-user precoding) have been chosen such that only those spatial processing techniques are covered which are currently discussed within E-UTRA. 
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Figure 1: Generic MIMO-OFDM transmitter architecture.
Control information and pilot insertion aspects are neglected in the figure for better readability. Note that by a proper parameterization of the basic functional blocks most of the MIMO schemes discussed within E-UTRA can be described by this generic transmitter architecture.

The input bit sequence of a user is segmented (e.g. multiplexed) into a number of sequences that undergo individual forward error correction (FEC) coding and interleaving (. This segmentation stage allows implementing multiple codeword techniques as applied in PARC/PSRC [10, 11]. The interleaver output is segmented and mapped to the space-time-frequency resources by the resource mapper.
In Figure 1, each branch in frequency direction reflects the spatial processing of groups of subcarriers. Each group of nsub subcarriers undergoes the same processing for a certain time period of nsymb OFDM symbols which, however, is not reflected in Figure 1. Such a two dimensional Virtual Resource Block (VRB) assigned to a certain user can have multiple spatial layers. In general, the number of spatial layers in a VRB c of user k, denoted Qc,k, can be different for different VRBs. Data of different users can be multiplexed on multiple VRBs in the spatial domain thus enabling SDMA.
As shown in Figure 1, each modulated VRB layer of a single user is then dispersed onto a corresponding Virtual Antenna Resource Block (VARB) with a linear dispersion code that provides the required amount of spatial diversity and spatial multiplexing. The set of VARBs is a three-dimensional entity which spans Qc,k Sc,k virtual transmit antennas in space, nsymb OFDM symbols in time, and nsub subcarriers in frequency. Such a three-dimensional set of VARBs may be constructed from a series of smaller space-time mapping matrices S of dimension Sc,k x Tc,k staggered in time, space and frequency. For example, with DSTTD, two Alamouti dispersion codes with Sc,k = 2 are staggered in space yielding an overall virtual transmit antenna dimension of 4. Successive application of such a dispersion code spanning Tc,k = 2 OFDM symbols fills the VARB in time. The case Tc,k > 1 comprises all so-called matrix modulation schemes (including all variants of STTD, Diag-ABBA, DABBA [13], and further linear dispersion codes [6, 7]). Tc,k = 1 (and Sc > 1) results in so-called vector modulation [8, 9].
After space-time dispersion, any time and frequency slot (OFDM symbol and subcarrier) of the VARBs is subject to power allocation (represented by the diagonal matrices P of dimension Sc,k x Sc,k). The elements at the outputs of the power allocation blocks are combined in a vector which is then multiplied with a generalized beamforming (BF) matrix V of dimension MT x (Qc,k Sc,k) thus mapping the VARBs onto the Physical Resource Blocks (PRB) as described in sub-clause 7.1.1.2.1 of TR 25.814. V covers techniques such as closed-loop transmit diversity, linear precoding and (eigen-)beamforming, antenna or beam (subset) selection and hopping as well as random beamforming employed by opportunistic beamforming approaches (e.g. DBOS) [13 - 17]. For V = I the beamforming becomes transparent and antenna domain techniques (like PARC, V-BLAST, DSTTD, TSTTD, STTD-OTD, PSRC-SNC) are obtained. Finally, the PRBs are passed to the OFDM modulation per antenna. Signals of other users are added per antenna prior to the OFDM processing.
Regarding a single user, the number of physical transmit antennas MT is generally equal to or larger than the number of layers Qc,k. In case Qc,k < MT, the expansion can happen either in the LDC or the beamforming stage or both. For example, if only rank-1 beamforming is used a single VRB layer (Qc,k = 1) is mapped to an arbitrary number of transmit antennas MT via the corresponding weight vector.
2.1. Examples
The generic MIMO architecture is a framework designed to include (nearly) all possible methods. In the following, some examples show how the generic transmitter architecture from Figure 1 would be configured for different MIMO techniques (see Figures B.2 and B.3 in [2]). For simplicity the processing of one user's data is shown only and the user index k is partly omitted.
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Figure 2: Example PARC processing chain (single user).

Figure 2 shows an example for a single user PARC processing chain. In case of PARC one could assign the different interleaved FEC streams directly to a subcarrier (or group of subcarriers), modulation, and a specific antenna. Since linear dispersion codes are not used in this case (Qc = Sc), P has the dimension Qc x Qc. Beamforming is not used either (V equals the identity matrix).
Figure 3 shows an example for single-user open loop space-time coding. In case of open-loop space-time coding (using an LDC, e.g. the well-known Alamouti-code) all data commonly undergoes FEC and modulation. The LDC spreads the RB to fit the number of physical antennas (i.e. Qc = 1; Sc = MT). 

Figure 4 shows an example for a single user beamforming processing chain without space-time coding (trivial LDC). Multiple codewords could be used as depicted in Figure 4, however, most presented schemes so far use just a single one. The coded data is mapped to one RB layer (Qc = 1). The power weighting could be included in the beamforming matrix but is kept separate here because of systematical reasons and for a better understanding.
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Figure 3: Example open loop space time coding processing chain (single user).
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Figure 4: Example beamforming processing chain (single user).

As another example, the ITA MIMO proposal [7] is an adaptive concept that combines use of PARC/PSRC and LDCs; it corresponds to the generic transmitter depicted in Figure 1 above (cf. Figure 1 in [7]). Beamforming is optional in this concept.

Note that antenna summation (multi-user) and ODFM processing in Figure 1 are linear operations so that the examples cover all relevant details of a multi user system. If different approaches lead to the same generic figures the differences are contained within the matrices.
3. Conclusions

In this paper a generic framework is presented that encompasses most of the current E-UTRA MIMO proposals in a unified manner. Adoption of such a common notation and terminology is helpful to compare and assess different MIMO schemes. Further, the described methodology also discloses commonalities of different proposals and possibilities to merge several MIMO proposals by slightly generalized processing. The next very important step is to identify preferred configurations suitable for fulfillment of the performance targets in the scenarios of interest for E-UTRA.

This work has been performed in the framework of the IST project IST-2003-507581 WINNER, which is partly funded by the European Union. The organizations on the source list would like to acknowledge the contributions of their colleagues to the project.
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