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1 Introduction
MIMO has been shown to be the most effective technology to achieve high throughput, high quality requirements of wireless applications and has been adopted in several wireless communication standards. In particular, the current spec. of IEEE 802.16e [1] has defined some basic MIMO schemes. However, a large number of potential MIMO proposals have been proposed and discussed [2]. To further improve the performance in IEEE 802.16m system, those MIMO schemes adopted in 802.16e and other new MIMO proposals should be re-evaluated. To this end, several aspects on downlink (DL) MIMO are presented for further evaluation.
2 General Transmission Structure for DL MIMO
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Fig. 1: Block diagram of general transmission structure for the DL MIMO.
Fig. 1 illustrates a general transmitter block structure for DL MIMO, including several data processing units and one control unit. The overall data processing includes following procedures. First, multiple data units are generated each of which is then separately encoded by a channel encoder to form the multiple codewords (MCWs). Second, the MCW signals are individually modulated and then mapped into a number of streams via a layer mapper. Next, the multiple streams are precoded based on a pre-designed transformation matrix and finally mapped to the resource element, transformed to the OFDM signal and transmitted from multiple antennas. All the parameters used in each data processing block unit are determined by a controller which is signaled based on the feedback information from the user terminals. In the following, we will point out some potential MIMO related issues with respect to Fig. 1 which may be considered and evaluated in the 802.16m system.
3 Potential MIMO Related Issues for Downlink
· Number of Codewords: MCWs should be supported in the 802.16m to further improve the performance. Therefore, the maximum number of CWs per data block or that can be received by user terminal, which relates to the channel quality indicator (CQI) feedback overhead and number of modulation and coding sets (MCSs), should be defined and needs for further evaluation in 16m system. Considering the signaling overhead, the maximum number of CWs should not be too large. A reasonable figure is 2 ~ 4.
· Coding and Modulation: The convolutional turbo code (CTC) [1] using a double binary circular recursive systematic convolutional code has been adopted in current 16e spec. It should not rule out any scheme that can effectively improve the overall throughput performance, such as new encoding, interleaving, puncturing and/or modulation. When the channel information is available at the transmitter or already known to the transmitter, those methods with the aid of channel information in conjunction with encoding and/or modulation should be also taken into account for evaluation.
· Layer Mapping: Rank or the so called number of layers for MIMO channel relates to the number of independent streams. According to the channel state information (CSI) and/or CQI feedback, the transmitter can appropriately adapt the number of layers to maximize the throughput. In particular, the determination of number of layers will significantly affect several data processing units, including the MCS selection, layer mapping and precoding. Any proposals regarded for layer mapping should not be ruled out when channel information is available at the transmitter.
· Precoding: The precoding unit shown in Fig. 1 generally represents all the possible MIMO modes such as the multiplexing, diversity, beamforming and combination of them [2]. Any new precoding proposal, also including the space-time coding scheme, for open-loop or closed-loop MIMO operation is worthy for further evaluation. However, due to the feedback overhead, the overall MIMO operation modes should be limited. On the other hand, for channel dependent precoding, the overall design algorithm strongly depends on the TDD/FDD operation mode. In FDD for example, codebook based precoding is preferred for reducing the feedback overhead but there is no restriction whether the codebook based precoding should be used in TDD mode. Moreover, linear unitary based precoding matrix is also preferred for both operation modes. It is shown in [2] that the current precoding algorithm in 16e spec. is not an optimal solution and needs to be re-designed. The codebook size, robustness of the codebooks, reliability, computational complexity of user terminal, peak-to-average power ratio, rank override problem, etc. should be taken into account jointly in future evaluation.
· Multiuser MIMO: Some of research studies have shown that a significant gain can be achieved with DL multiuser MIMO by elaborately designing (liner or non-linear based) a transformation matrix at the transmitter. However, application of such a technique to a real system still needs further study.
4 Summary

A general transmission structure for DL MIMO is proposed along with a discussion on the important design issues such as number of CWs, coding and modulation, layer mapping, precoding and multiuser MIMO This contribution aims to serve as an initial discussion on this important topic of MIMO for the IEEE 802.16m system. We’d like to suggest that the issues discussed above can be considered for further study in the SDD under the subsection titled Physical Layer for IEEE 802.16m.
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