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1. Introduction
The multi-input multi-output (MIMO) techniques have been substantially considered in 3GPP LTE [1] to enhance the link quality and/or increase the data rate. Based on the transmission architecture perspective, the MIMO techniques can be classified into three main types: spatial multiplexing (SM), spatial diversity (SD) and beamforming (BF) [1]-[7]. The goals of the aforementioned techniques may be mutually conflicting, and a balance is needed to optimize the system performance [2]-[7].
Depending on the channel conditions, the optimal transmission technique will be selected to combat the channel impairments. As a result, the case of switching mechanism among the transmission techniques, including SM, SD and BF, should be studied as well and an adaptive transceiver should dynamically adjust the transmission parameters such as the space-time (ST) transmission mode and modulation order, according to the channel statistics, to meet the target error rate and data rate. In this contribution, we study the tradeoffs among different transmission modes in the MIMO systems. An adaptive transmission mode selection is then presented by incorporating the MIMO transmission techniques and adaptive modulation scheme. Maximum performance can thus be achieved by switching among the different modes according to the channel characteristics.
2. Channel Condition
2.1. MIMO Channel Model Classification
Consider an N ( M MIMO channel. The MIMO channel can be modeled approximately as the sum of a “variable (or scattered)” component and a “deterministic (or specular)” component

· Scattered component Hsc: It’s Rayleigh distributed and varies randomly from antenna to antenna.

· Specular component Hsp: It’s spatially deterministic from antenna to antenna.
The Ricean model [8] is the most used model for describing the two components. Based on the Ricean K-factor [8], the MIMO channel can be categorized into following two models
· Uncorrelated high rank (UHR) model: H = Hsc if Ricean K-factor approximates to zero.
· Correlated low rank (CLR) model: H = Hsp if Ricean K-factor approximates to infinite.
2.2. Determination of Channel Condition
The optimal way of using the MIMO transmission techniques depends on the channel conditions. It needs to pick the best possible solution at all times through the tracking of channel environment and propagation characteristic. In this contribution, a selection rule is developed according to the pre-determined channel condition. In general, in UHR channels, use SD and SM techniques to achieve the diversity gain and multiplexing gain, respectively. But BF technique is adopted to obtain the signal-to-noise ratio (SNR) gain over the CLR channels. In the following, we define a parameter, called the condition number (c, to determine the channel type
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where (max(H) and (min(H) are the maximum and minimum singular values of H, respectively. Due to the rank property of MIMO channel, the condition number (c associated with a UHR channel (full rank) is moderate, but (c is very large for a CLR channel (rank deficient). 
Based on the results, the channel type can thus be determined in the following manner. The channel is determined as
· UHR channel if (c ( 10, but
· CLR channel if (c ( 50.
3. MIMO Transmission Mode Selection Strategies
3.1. Mode Selection Rule
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Figure 1: Transceiver block diagram of the MIMO transmission mode selection strategies
In general, the optimal MIMO transmission mode can be chosen based on the channel capacity or the error probability [2]-[9]. To obtain the maximum performance, the tradeoffs among the transmission modes should be studied for different channel conditions and SNR scenarios. An adaptive modulation is essentially a powerful technique for meeting the required QoS and can thus be incorporated here to further enhance the performance. In this contribution, we consider an uncoded FDD block mode (low mobility) MIMO system. We define a MIMO transmission mode as the MIMO transmission technique with a specific modulation type. The switching rule is then designed based on the maximum spectral efficiency (SE). We analyze the tradeoffs among the modes at the receiver for a given channel state information and SNR, and the result is then fed back to the transmitter to select the best transmission mode. The overall transceiver architecture is illustrated in Figure 1.
With above discussions, the MIMO transmission mode selection rules are summarized as follows.
· When (c ( 2, use SM with adaptive modulation.
· When 2 < (c < 20, switch among all possible MIMO transmission modes.
· When (c ( 20, use BF with adaptive modulation.
3.2. Mode Switching Criterion
Vertical based Bell Labs layered space-time (V-BLAST) and orthogonal based space-time block code (O-STBC) are two well-known and popularly used techniques of SM and SD, respectively, due to their simplicity for hardware implementation. In the following, we will analyze the error probabilities of V-BLAST, O-STBC and BF, and switch among them based on the analytical results.
Assume that maximum-likelihood (ML) decision is adopted to detect the transmitted data streams of V-BLAST and the perfect channel knowledge is available at the receiver but not the transmitter. As a result, the symbol error rate (SER) of uncoded V-BLAST system can be approximated by [9]
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where Q(x) denotes the Gaussian Q-function which can be easily obtained via look-up table method, Es is the total transmit energy per symbol, N0 is the noise power spectrum density, and dmin(H) and dmin are the minimum Euclidean distances of the received and transmitted signal constellations, respectively. Note that, in (2), we have used the Rayleigh-Ritz theorem 
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 and the bound of interest is the lower bound [9].
On the other hand, taking into account the code rate R of O-STBC, the post-detection SNR (o of O-STBC systems with perfect channel estimation assumption can be given by [10]
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where 
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 denotes the Frobenius norm of H. With (o, the uncoded SER of O-STBC can then be immediately obtained as
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where g(x) is a function of x, which denotes the error probability function in a AWGN channel depending on the adopted modulation. For example, g(x) = 1  (1  Q(x))2 for QPSK modulation.
Finally, consider the BF technique. Assume that the angle-of-arrival (AOA) (R of the received signal and angle-of-departure (AOD) (T of the transmitted signal are perfectly known at the receiver and transmitter, respectively. Then the adaptive BF output SNR is given by
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where a(() denotes the array steering vector.
As mentioned above, substituting (5) into (4), we can immediately obtain the uncoded SER of BF. Based on the analytical error probability, the switching criterion among the MIMO transmission modes is that determine the modes so as to maximize the SE ( (b/s/Hz) at a target SER (target. This means that use the analytical error probabilities of V-BLAST, O-STBC and BF to select an optimal mode j which can support the maximum SE under a target SER
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where Pe is the SER which depends on the adopted MIMO scheme and modulation type, and PSM, PSD and PBF are the SERs of V-BLAST, O-STBC and BF, respectively.
4. Computer Simulations

Several computer simulations are conducted to evaluate the performance of the MIMO transmission mode selection. In the following, we consider the 2 ( 2 and 4 ( 4 MIMO systems and the (uncoded) target SER is set to (target = 103. Assume that Ricean channel with K  0 is used. For comparison, three standard MIMO transmission techniques with adaptive modulation scheme are used. The possible MIMO transmission modes for 2 ( 2 and 4 ( 4 systems are respectively given in Table I and Table II. Note that mode 0 is defined as “no transmission”.
Table I: Possible MIMO transmission modes for 2 ( 2 MIMO systems.
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Table II: Possible MIMO transmission modes for 4 ( 4 MIMO systems.
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A. For 2 ( 2 MIMO Systems
The first set of simulations exams the performance of the switching algorithm (including the mode selection rule and switching criterion) for the 2 ( 2 MIMO systems. The resultant average SE as a function of SNR is evaluated in Figure 2. From Figure 2, among the three standard MIMO transmission techniques, we can see that BF and O-STBC can provide a better performance at low SNR cases, but V-BLAST achieves the better SE at high SNR cases. The results also show that the average SE of switched mode always increases as SNR increases and achieves the best performance, which indicates that the objective of maximizing the SE at the target SER can be achieved. Moreover, the switching algorithm can suitably select the optimal transmission mode for different SNR cases, and the results are summarized in Table III.
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Figure 2: Average SE as a function of SNR for 2 ( 2 MIMO systems over the Ricean channels.
Table III: Optimal MIMO transmission modes in 2 ( 2 MIMO systems over the Ricean channels.
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B. For 4 ( 4 MIMO Systems
Next, the performance of the switching algorithm for the 4 ( 4 MIMO systems is evaluated at the second set of simulations. The average SE as a function of SNR is plated in Figure 3. As shown in Figure 3, the performance of BF is always superior to other two standard MIMO techniques at low to medial SNR region, but SM provides a better performance at high SNR scenarios. Again, we can see from Figure 3 that the switching algorithm can suitably select the optimal transmission mode and achieve the maximum performance. These results are summarized in Table IV.
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Figure 3: Average SE as a function of SNR for 4 ( 4 MIMO systems over the Ricean channels.
Table IV: Optimal MIMO transmission modes in 4 ( 4 MIMO systems over the Ricean channels.
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5. Conclusion

In this contribution, an adaptive MIMO transmission mode selection algorithm by incorporating the MIMO transmission techniques and adaptive modulation scheme is presented. The overall development is described as follows. First, we calculate the condition number of the MIMO channel matrix and use it to determine the channel type. Based on condition number, the optimal selection rules are developed, and the switching criterion is designed to maximize the SE at a target SER. From the simulation results, by suitably switching among the MIMO transmission modes, the maximum performance can thus be achieved.
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Text Proposal

We propose that the followings are included in TR 25.814.

---------------------------------------------- Start of Text Proposal for DL ----------------------------------------------

7.1.1.4 MIMO

7.1.1.4.2 High level principles of MIMO for unicast traffic

-
Feedback information from the UE that is required to support MIMO operation. Followings are identified as candidates for the UE feedback information:
○
Depending on the channel conditions, the optimal MIMO transmission mode should be selected to combat the channel impairments. The adaptive transmission mode selection algorithm by incorporating the MIMO transmission techniques and adaptive modulation scheme according to the channel condition and SNR value should be included.
□
For 2 ( 2 MIMO systems, 19 MIMO transmission modes shall be supported. In this case, adaptive beamforming, rate 1 orthogonal based space-time block code (O-STBC) and vertical based Bell Labs layered space-time (V-BLAST) with adaptive modulation scheme (e.g., BPSK, QPSK, 8-PSK, 16-QAM, 32-QAM and 64-QAM) shall be considered.
□
For 3 ( 3 or 4 ( 4 MIMO systems, 25 MIMO transmission modes shall be supported. In this case, adaptive beamforming, rate 1/2 and 3/4 O-STBCs and V-BLAST with adaptive modulation scheme (e.g., BPSK, QPSK, 8-PSK, 16-QAM, 32-QAM and 64-QAM) shall be considered.

At the transmitter (i.e., Node B), the signal is transmitted through the above mentioned MIMO transmission mode, which is controlled by an optimal mode selection algorithm. At the receiver (i.e., UE), the channel matrix and SNR value are first estimated, and then the tradeoffs among the modes are analyzed based on the error probability and spectral efficiency for a given channel state information and SNR, and the result, referred to as the CQI, is fed back to the transmitter to select the best transmission mode and decide the MCS levels. The switching criterion should be designed to determine the transmission mode index at which mode has the maximum spectral efficiency at a target error rate.

----------------------------------------------- End of Text Proposal for DL ----------------------------------------------
---------------------------------------------- Start of Text Proposal for UL ----------------------------------------------

9.1.1.4 MIMO

Depending on the channel conditions, the adaptive MIMO transmission mode selection algorithm by incorporating the MIMO transmission techniques and adaptive modulation scheme should be included.

Several MIMO transmission modes shall be supported at the Node B and controlled by an optimal mode selection algorithm, which is designed at the UE to determine the transmission mode index at which mode has the maximum spectral efficiency at a target error rate. The mode index, referred to as the CQI, is fed back to the Node B to select the best transmission mode and decide the MCS levels.
----------------------------------------------- End of Text Proposal for UL ----------------------------------------------
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