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Power Loading for MIMO Downlink Transmission
Chih-Yuan Lin, Pei-Kai Liao, Ciou-Ping Wu, and Paul Cheng
MediaTek Inc.

1. Introduction
This contribution discusses the power loading technique for MIMO DL transmissions. In the following sections, the theoretical backgrounds regarding to power loading is first illustrated in order to clarify the design concept. Based on which, two design examples are given for detailed exposition. Finally, numerical simulations will be shown to justify the performance of the power loading technique and to investigate its robustness against quantization effect.
2. Power Loading for DL Transmission
Consider a MIMO system with 
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 downlink data streams, and further assume that 
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 is the transmit power allocated to the nth data stream, 
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. The system average BER then can be described by the following equation
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where 
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 is a constant dependent on modulation order, 
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 is the Q-function and 
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 denotes the post-detector-processing SINR associated with the nth data stream, which depends on its corresponding transmit power 
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. Equation (1) implies that power loading provides us another degrees-of-freedom to further improve system performance. It can be shown that with a fixed transmit power P (i.e., 
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 is minimized when 
[image: image11.wmf]1122

()()...()

NN

SINRpSINRpSINRp

===

 [1]. Based on the above result, the main goal of power loading is to allocate the fixed transmit power P to the N data streams, such that their corresponding post-detector-processing SINRs are equal. Since the post-detector-processing SINR is detector-specific, the power loading information should be calculated at MS and then be sent back to BS via feedback channel. In this system, we assume the channel vary slowly within the interval between two consecutive feedback transmissions.
The feedback overhead is another practical implementation issue. With a large number of data streams, a large amount of power loading information should be feedbacked, leading to system throughput degradation. However, for two transmit data streams (N = 2), only a power ratio 
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 should be feedbacked, and thus the feedback overhead is quite limited. The simulation results also exhibit that for 
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 power loading indeed significantly improves system performance, with only a 3-bit feedback overhead. Hence, the power loading seems to be most appealing to the case of 
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. From the above discussions, we suggest that power loading be adopted as a scheme for enhancing two-data-stream DL transmissions. In the following sections, two design examples and some related discussions are given for N = 2, so as to further clarify the power loading scheme.
3. Design Examples
This section provides two power loading design examples for N = 2: one is for spatially multiplexing (SM) system, and the other is for diversity/SM hybrid system (double space-time transmit diversity (D-STTD) [2]).
3.1 Spatially Multiplexing System


We consider a 
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 MIMO spatially multiplexing system. The received signal characteristic can be described by the following linear model
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where 
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 denotes the channel gain of the link between mth receive antenna and nth transmit antenna, 
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 is the power loading factor of the nth data stream, 
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 is the transmitted data symbol of the nth data stream, and 
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 is the noise component at the mth receive antenna. In what follows, we aim to derive 
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, which makes the output SINR of each layer equal. It is further assumed that MMSE-OSIC detector is adopted to decouple the transmitted symbols. Since there is a one-by-one mapping between SINR and MSE (i.e., 
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), the problem can be transformed to finding 
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, which lead to two equivalent layer-MSEs. Since the derivations of 
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 are complicated and tedious, in the following we only show the final results. By some direct manipulations, the optimal power ratio of the two data streams to achieve the lowest system average BER is given below:
if 
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where 
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. Hence, with a fixed transmit power P, the transmit powers 
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 can be obtained based on (3) or (4).
3.2 Diversity/SM Hybrid System (D-STTD)

We further consider a 
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 D-STTD system [2] (see Figure 1), which is able to provide diversity and multiplexing gains at the same time and thus is expected to be a potential candidate for DL transmission. To decouple the D-STTD signal, at each receive antenna one has to stack two consecutive received signal samples and then to form a 
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 overall received signal vector, which is expressed as
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where 
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 represent the two consecutive data symbols of the nth data stream. If MMSE-OSIC is again assumed to be used for symbol recovery, similarly to Section 3.1 we have the following optimal (in terms of BER) power ratio of the two data streams:
if 
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Given a fixed transmit power, the power loading factors 
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 and 
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 can be immediately calculated from (6) and (7).
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Figure 1. Schematic description of D-STTD system.
Discussions:

(a) From Section 3.1 and 3.2, it can be seen that the optimal power ratio of the two data streams is determined by a channel-dependent real value, which can be calculated at the MS end after channel estimation. To let BS know the power ratio, the only thing MS should do is to quantize the value and to feedback its quantized version to BS. Unlike the existing precoding scheme, the MS does not require storing a codebook, and thus there is no memory wasted to implement the power loading scheme.
(b) As will be seen in the simulation section, the power loading scheme is quite robust to quantization error. Simply with 3-bit feedback, a 5 dB SNR gain is obtained. As a result, it seems beneficial to trade a small feedback overhead for such a large performance improvement.
4. Simulation Results
In this section, some numerical examples are given to justify the power loading technique. We consider a 
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 MIMO-OFDM system with 512 subcarriers, in each of which D-STTD scheme is applied. The MMSE-OSIC detector, combined with the power loading factors shown in (6) and (7), is utilized in each subcarrier to decouple data symbols. Moreover, the source symbols are drawn from the QPSK constellation, and the amplitude of each channel tap is drawn from the ITU vehicular B power delay profile (with 3.7 s maximum delay spread).

Figure 2 shows the performance comparison of the systems with and without power loading, and also investigates the quantization effect on the power loading technique. From the figure, it can be seen that the performance improvement resulted from power loading is over 5 dB, even only with 3-bit feedback information.  As the number of quantization bits increases to 4, 5, or 6 bits, the system performance is quite close to the case with the perfect power loading factors. The results justify the conjectured statement made in Discussion (b) of Section 3.2.
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Figure 2. BER performances of the power loading technique.
5. Conclusion
This contribution discusses the power loading technique for two-data-stream MIMO systems, and also provides two design examples. Unlike the existing precoding scheme, the MS only needs to feedback the power ratio of the two streams, without any codebook required to be stored. The simulation results also show that power loading technique indeed offers a substantial performance gain, and is quite robust against quantization effect (and hence supports low bit feedback). As a result, it is suggested that the power loading technique be adopted as a method to further enhance two-data-stream DL transmissions.
Proposed Text for SDD
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11.X.X DL MIMO Schemes

  11.X.X.X Power Loading

  Power loading should be incorporated in two-data-stream MIMO systems to further enhance system performance.
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