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1. Introduction

In TR 25.814 [1], two MIMO modes, the spatial multiplexing (SM) and transmit diversity (TD), are supported at UE for the uplink (UL) unicast traffic. In UL multiuser MIMO (MU-MIMO), however, different MIMO modes are not allowed to be used for different UEs simultaneously. To achieve high throughput MU communication systems, we propose to support the TD and SM at different UEs simultaneously better matched to its own channel condition. Specifically, at the same time-frequency resource block (RB), the some of co-scheduled UEs can be allowed in the TD mode and the others in the SM mode.
2. Design Challenges in UL MU-MIMO Channels
2.1. UL MU-MIMO Wireless Channels
The channel characteristics typically encountered in MIMO wireless communications are the spatial correlation, mainly due to the lack of sufficient antenna spacing or facing with a nearly line-of-sight (LOS) connection between the transceiver, and signal fading, which accounts for the time varying nature of the multipath signal propagation. On the other hand, in a UL MU scenario, the difference in the user locations could bring about potentially different channel correlation properties. Furthermore, signals emitted from the UE nearby the Node B are more likely to remain intact through the channels since there would be only a negligible loss in the transmit power; long-distance propagation of far-end UEs’ signals, although often experiencing a rich scattering channel, may nonetheless incur large power dissipations, thereby degrading the resultant link performance. As a result, a more realistic system configuration of UL transmission, as well as the related analysis and design methodologies, should explicitly address the variety of MU channel conditions so as to better accurately predict the system performance.
To enhance UL throughput in the face of the channel impairments, it is crucial that the transmitted signal from each UE can somehow be faithfully retrieved at the channel output. As recently introduced in [2], an effective solution to fulfil this design challenge is to allow each UE to signal the data according to the individual channel condition. Such a strategy will integrate various well-developed MIMO techniques in the system setup. This shows great potential for maintaining a good throughput since, through the channel-information aided signaling, each UE’s link could be better secured from the confronted channel distortion.
2.2. Signaling for UL MU-MIMO Unicast Traffic
TD and SM are two extreme and complementary transmission strategies and adopted in 3GPP LTE E-UTRA [1] for UL MU-MIMO unicast traffic. However, different MIMO modes are not supported to be used simultaneously for different UEs at the same time-frequency RB. In general, if a remote UE is within a medium distance from the cell center and there are rich enough independent scattering paths connecting the UE to the Node B, it will be in great prospect to realize a high capacity link. The UE can thus try an utmost use of available channel resource by choosing a capacity-optimal signaling scheme such as the SM method [3], [4]. Particularly, in case that strong channel fading occurs, the SM performance is shown to significantly deteriorate. Open-loop TD through e.g., cyclic delay diversity (CDD) or block codes (STBC or SFBC) has been now considered as one effective yet cost-efficient solution to guard against the channel impairments like large path loss or the near-far effect. It is also shown in [5] that TD is superior to SM in capacity over correlated channels.
3. Simultaneous TD and SM for UL MU-MIMO Unicast Traffic
3.1. System Setup
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Figure 1: The schematic diagram of the transceiver for simultaneous TD (block code based) and SM in UL MU systems.
In view of the previous exposure, any attempt to implement a high throughput UL MU-MIMO wireless system should account for the variety of the MU channel properties. A paradigmatic system platform, therefore, will be one in which each UE has the flexibility in choosing a signaling strategy better suited for the present channel condition and, moreover, the entailing MU interference (MUI) is appropriately mitigated so as to ensure a prospective individual link quality. Based on the above discussions, we thus suggest a more general class of MU-MIMO wireless system in unicast traffic as shown in Figure 1, in which each UE’s data signaling is either TD for high link quality or (precoded) SM for high spectral efficiency. 
For the simultaneous TD and SM system setup for UL MU-MIMO, according to TR 25.814, we assume that
· N = 2 transmit antennas are placed at each of UEs,

· M = 3 or 4 receive antennas are used at Node B, where
· for M = 3, Node B can co-schedule one TD UE and one SM UE, and
· for M = 4, Node B can co-schedule two TD UEs and one SM UE, and
· all UEs are symbol synchronized (it can be easily achieved if the delay latency of UEs locates within the CP duration).

In the following section, we point out a more efficient implementation of the simultaneous TD and SM for UL MU-MIMO unicast traffic if the orthogonal block code based TD is used.
3.2. Low-complexity Detection for Block Code Based TD
To detect the data streams in the proposed UL MU-MIMO system with the block code based TD used, we propose to adopt the ordered successive interference cancellation (OSIC) approach. In this case, since some link UEs will send data via the orthogonal block code, the Node B will have to suffer a certain time latency for data collection/detection so as to exploit the diversity benefit for those orthogonal block codes UEs. For example, if the Alamouti's code is used, two symbol periods are the temporal latent cost for realizing a diversity gain of order two. The inherent time latency produces link robustness for the block code UEs at the expense of the more complex data processing. This is because, during the processing time required for diversity, the Node B will receive extra independent source symbols from other high-rate SM UEs: this can enlarge the overall data processing dimension up to a factor equal to the latent cost. As a result, there will be an unavoidable increase in the detector complexity; the computational overload could be significant, especially for the in general one symbol per-iteration detection strategy of the OSIC algorithm.
To remedy this, we propose a group-wise OSIC detection scheme that can effectively tackle such a design challenge. Specifically, it is shown in [2] that, even though some UEs may send the data via the SM mode, the usage of orthogonal block codes can induce a distinctive structure on the matched-filtered (MF) channel matrix: it consists of orthogonal design block submatrices. This fact is then exploited for developing a group-wise OSIC detector: at each processing step a group of symbols, transmitted either from a particular orthogonal block code UE or from an antenna of an SM UE during the latent time, can jointly be detected. The established group-wise detection property, which reduces the number of iterations, tends to restore the algorithm complexity back, and hence prompts an efficient receiver implementation, despite of the system model expansion for simultaneous TD and SM data processing. The imbedded structure of the MF channel matrix is moreover exploited for deriving a low-complexity algorithm realization. It can further reduce computations from the following two aspects. First, it is shown that inverting the “big” channel matrix at the initial stage, which would often dominate the overall cost, reduces to solving a set of linear equations of relatively small dimensions. Second, the computation of the initial channel matrix inverse turns out to be the only “direct” inversion operations required; there is an elegant recursive formula for computing the inverse matrix needed at each iteration. The overall receiver block diagram is depicted in Figure 1.
4. Conclusion
In this contribution, we propose a more general MU-MIMO wireless system for UL unicast traffic, in which each co-scheduled UE’s MIMO signaling can be either CDD or orthogonal block code for TD or SM (precoded or not) for high spectral efficiency. The motivation behind this work is that each UE adopting a MIMO signaling scheme better matched to its own channel condition proves to improve the individual link performance. It is figured out in [2] that with block code based TD adopted, by using the orthogonal property embedded in orthogonal block codes, a low complexity detection can be achieved in the proposed UL MU-MIMO system.
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