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1
Introduction
In this document, we analyze the mode switching operations between SU-MIMO and MU-MIMO – semi-static switching vs. blind dynamic switching. 

· Blind dynamic switching – UE does not know whether it is scheduled for SU-MIMO transmission or MU-MIMO transmission, which is entirely determined by Node B at every scheduling instant.
· Semi-static switching – UE is configured to either SU-MIMO mode or MU-MIMO mode through a signalling by Node-B based on the load of the cell and the others.   

In the following, we analyze which switching operation is desirable for the entire LTE system performance maximization in several aspects.
2
Blind Dynamic Switching vs. Semi-static Switching
In determining the mode switching operations, we need to consider the impact on the overall LTE system operations in addition to the downlink sector throughput improvement. A few critical issues identified up to now are as follows:

2.1
Minimization of CQI Feedback Overhead
With the semi-static switching, we can minimize the uplink feedback overhead of each mode by preventing the additional overhead that might be necessary if a blind dynamic switching were used between SU-MIMO and MU-MIMO. For example, for the SIC-capable UEs, only one CQI is reported for the MU-MIMO mode and one and a half CQI (base layer CQI and SIC gain) is reported for the SU-MIMO mode with the semi-static switching [1]. 

On the other hand, in order to get the slight sector throughput advantage claimed by the blind dynamic switching, each UE needs to report both the CQI(s) required for SU-MIMO operation and the CQI(s) required for MU-MIMO operation all the time. As a result, the uplink CQI feedback overhead of the blind dynamic switching is always larger than that of the semi-static switching.
Therefore, the slight increase of the downlink sector throughput obtained by the blind dynamic switching only when the cell is very heavily loaded costs the loss of uplink data throughput all the time.  

Furthermore, the CQI overhead increase of the blind dynamic switching compared to the semi-static switching becomes maximized when the system is heavily loaded and thus the system is most likely to be operated in the SDMA mode. For a given uplink bandwidth budget allocated for the overall CQI channels, the semi-static switching can accommodate more CQI-reporting SDMA UEs than the dynamic switching, which is critical as the MU-MIMO achieves the potential sector throughput gain over the SU-MIMO only when the cell is heavily loaded [1].  

2.2
Optimization of SU-MIMO Precoding and MU-MIMO Precoding
With the semi-static switching, we can optimize the SU-MIMO precoding and the MU-MIMO precoding separately without any restrictions in terms of the number of precoding matrices and the set of available precoding matrices.
In [2]-[3], we showed that the performance advantage obtained through the enhanced precoding (e.g., 16 precoding matrices) over the primitive precoding (e.g., a single DFT matrix) may provide a marginal gain or a considerable gain depending on the antenna configurations, channel environments, receiver architectures, and the others. Therefore, we believe that the number of precoding matrices and the corresponding set of precoding matrices should be signalled by the BCH or a higher layer signalling and the configuration should be semi-statically adjustable in order to maximize the system performance and minimize the UL feedback and DL assignment overheads.

On the other hand, the MU-MIMO mode has quite a different preference for the precoding design and operation. For example, the unitary precoding based MU-MIMO prefers only a minimal number of precoding matrices (e.g., 1 or 2 matrices) in order to minimize the scheduling conflict and thus maximize the system throughput.

If we use the blind dynamic switching, the UE needs to report the best precoding matrix selected in the common set of precoding matrices for the SU-MIMO and the MU-MIMO. Therefore, the optimal design and operation of the SU-MIMO precoding and the MU-MIMO precoding is not available with the blind dynamic switching.       
2.3
Minimization of HARQ Resynchronization Loss
In [4] we analyzed the HARQ resynchronization loss for the MMSE-SIC receiver and the linear MMSE receiver. The UEs using the MMSE-SIC operation may minimally suffer from the HARQ resynchronization loss (or, blanking loss), while the UEs using the linear MMSE operation suffers seriously from the HARQ resynchronization loss [4]. The MU-MIMO UEs should use the linear MMSE operation, while the SU-MIMO UEs may usually use the MMSE-SIC operation. 
With the semi-static switching, the HARQ resynchronization loss of the MU-MIMO mode can be minimized by continuously scheduling another user as often as possible when a user terminates earlier than his companion user. Moreover, the HARQ resynchronization loss of SU-MIMO mode can also be minimized if most UEs are SIC-capable.

On the other hand, with the blind dynamic scheduling, the HARQ resynchronization loss becomes serious when the MU-MIMO scheduling is followed by the SU-MIMO scheduling. The early-terminated user’s time-frequency resources should be wasted until the remaining companion user terminates. In order to minimize the resynchronization loss, the scheduler may try to move the remaining companion user onto other available resource blocks for retransmission, but it is not easy to find such resource blocks that satisfy the scheduling constraint of the user (e.g., precoding matrix and column vector, data size) and the scheduling operation becomes much more complex.       
2.4
DL Throughput Performance with DL Control Overhead 
In [1] we analyzed the sector throughput performances of the SU-MIMO and the MU-MIMO including the required DL control overhead. When we take into account the DL control overhead, the MU-MIMO has a slight sector throughput gain over the SU-MIMO only when the system is very heavily loaded. Figure 1 and Figure 2 reproduce the results in [1] for the 10MHz full-band transmission and 1.25MHz sub-band transmission. In order to account for increased DL control overhead in MU-MIMO case, 60 tones/1 ms (corresponds to 40 bits at QPSK 1/3) are used for each increase of the number of scheduled bursts, which is much smaller than the analyzed overhead in [5] and thus the DL control overhead may offset the MU-MIMO gain more seriously. 
We observe that with 10MHz band transmission, the SU-MIMO outperforms the MU-MIMO in typical cell loading scenarios. The MU-MIMO shows negligible performance gains over the SU-MIMO even when the system is heavily loaded with 15 UE/cell. The interference reduction advantages offered by rank selection and interference cancellation of SU-MIMO compensate mostly for the MU-MIMOM gains even when the system is heavily loaded.
With 1.25MHz band transmission, MU-MIMO shows performance gains over SU-MIMO at loading more than 12-13 full buffer UEs after a proper overhead accounting. This implies that MU-MIMO gains are observed when the cell is heavily loaded with many simultaneous bursts that are ready to be transmitted. Even with 20 full buffer UEs in the 1.25MHz band, the effective sector throughput gain of MU-MIMO over SU-MIMO is only about 5%. Considering that a large portion of the realistic data may be highly bursty, the number of active UEs that report CQIs shall be much greater than 20 users to get a visible MU-MIMO gain.

If we reduce the allocation bandwidth for each user, the overhead penalty becomes more serious for the MU-MIMO and thus the potentially increasing MU-MIMO gain may further diminish after taking into account the overhead. 
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Figure 1: Cell Spectral Efficiency vs # of UEs/cell: No subband scheduling [1]
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Figure 2: Cell Spectral Efficiency vs # of UEs/cell: 8 subbands/10MHz [1]
3
Conclusions
In this document, we analyzed the mode switching operations between SU-MIMO and MU-MIMO. The semi-static switching has clear advantages over the dynamic switching in the following aspects.

· Minimization of CQI feedback overhead

· Independent optimization of SU-MIMO precoding and MU-MIMO precoding in terms of design and operation

· Minimization of HARQ resynchronization loss

We also analyzed the net downlink sector throughput improvement achieved by the MU-MIMO by taking into account the required DL control overhead.  The MU-MIMO provides system throughput gains only in heavily loaded full-buffer scenarios. Even when the number of UEs in a cell is very large (e.g., 20 full-buffer UEs in a cell in 1.25MHz band), the MU-MIMO gain over the SU-MIMO is only about 5%, which cannot justify all the listed critical disadvantages of the blind dynamic switching. 
Therefore, we make the following conclusions:

First of all, the MU-MIMO should be used only to supplement the SU-MIMO when the cell is very heavily loaded. In other words, the SU-MIMO performance and the associated control channel overhead should not be compromised by the MU-MIMO operations. 
Second of all, in consideration of the impact on the overall system operation as well as the slowly-varying nature of the system load, we propose adopting the semi-static switching between SU-MIMO and MU-MIMO for the joint SU-MIMO/MU-MIMO operation in E-UTRA.       
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