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SDD Details about Power Loading for Downlink MIMO Transmission
Keying Wu, Hongwei Yang

Alcatel Shanghai Bell
Pei-Kai Liao, Chih-Yuan Lin, Paul Cheng
MediaTek Inc
1 Introduction

The power loading technique has been included in 16m SDD (in section 11.8.2.1.2.2 of 802.16m-08/003r4) as a technique to improve the performance of downlink MIMO, by properly adjusting the power levels of different streams. In this contribution, we discuss some details of the power loading technique by revisiting its motivation, power level calculation and simulation results. 
2 Power Loading 
Motivation

Consider a 2(2 downlink SM system with single codeword. The received signal is expressed as
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(1)
where hm,n denotes the fading coefficient between the mth receive antenna and the nth transmit antenna, pn the transmission power of the nth data stream, xn the transmitted data symbol of the nth data stream, and nm the additive noise at the mth receive antenna. 
At the receiver, the received signals are fed into a MIMO detector followed by a channel decoder. Since the two streams go through different channels, they are likely to have unequal post-detection signal-to-noise-ratios (SNRs) snrn (n = 1~2) after MIMO detection if equal power allocation is used. This leads to a suboptimum decoding performance for most channel decoders, including the turbo decoder. The power loading technique can be used to solve this problem. By properly adjusting the power levels p1 and p2, we can better control the link quality of the two streams such that the post-detection SNRs of the two streams are balanced with a give total transmission power P.
Power level calculation
Figure 1 shows the transceiver structure of a 2-stream spatial multiplex system with single codeword and power loading. The two power levels p1 and p2 are calculated by the receiver based on the channel estimation result, and fed back to the transmitter. With different detector, the power levels should be calculated using different ways. With the minimum-mean-square-error plus successive interference cancellation (MMSE-SIC) detector, p1 and p2 are calculated as 
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where P is the total transmission power and r is the ratio between p1 and p2
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Figure 1. The transceiver structure of a two-stream SM system with power loading.

Feedback
From the above discussion, we can see that the power levels depend on the channel state information (CSI) as well as the detection algorithm, so it should be calculated at the receiver and fed back to the transmitter. To reduce the additional feedback overhead, the receiver can report the power ratio r instead of p1 and p2.
3  Simulation Results
In this section, we will use link-level simulation results to demonstrate the advantage of the power loading technique. We consider a 2(2 MIMO-OFDMA system with 1024 subcarriers, in which the 2-stream SM scheme is applied. The channel is generated according to the 16m evaluation report, and modeled as pedestrian A. In the following simulation, we employ a rate-1/2 turbo code and QPSK and 16QAM modulation. In each subframe, the user data is mapped to 4 consecutive physical resource units (PRU), each consists of 18 consecutive subcarriers and 6 OFDM symbols.
Figure 2 compares the bit-error-rate (BER) and packet-error-rate (PER) behaviors of three SM schemes: SM without precoding and power loading (SM w/o PC w/o PL), SM with precoding but without power loading (SM w PC w/o PL), and SM without precoding but with power loading (SM w/o PC w PL). The MMSE-SIC detector is used for schemes without precoding and the MMSE detector is used for the scheme with precoding. When precoding is used, the 3-bit 16e codebook is used, and the same precoding matrix is used for one PRU, so the feedback overhead is 3(4=12 bits for each subframe. When power loading is used, the power levels are calculated based on the average CSI over 4 PRUs, and the ratio between two power levels is fed back after quantized into 32 levels, so the feedback overhead is 5 bits for each subframe. 
From the simulation results, the advantage of power loading is obvious. SM with power loading can achieve much better performance than SM without precoding, especially at low BER/PER, with a lower feedback 
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Figure 2. Performance comparison between SM schemes with/without precoding and with/without power loading. 
4 Proposed Text for SDD

-------------------------------------------------------------Start of the Text-------------------------------------------------------
11.8.2.1.2.2 Power Loading Technique
For two-stream spatial multiplexing, power loading (PL) should be considered. Through properly adjusting the power levels of two streams, the link qualities of the two streams can be balanced so as to avoid performance domination by either one stream. Since the best power ratio of the two streams depends on the instantaneous channel condition and types of the receiver, it should be calculated at MS and sent back to BS. As a result, the system should provide a specific feedback channel from MS to BS for the power ratio and the functionality of power allocation at BS to support power loading technique.
--------------------------------------------------------------End of the Text-------------------------------------------------------
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