3GPP TSG RAN WG1 Meeting #73 

 
R1-132538
Fukuoka, Japan, May 20 – May 24, 2013
Source:
Institute for Information Industry (III)
Title:
RF transceiver impact for a higher order modulation scheme 
Agenda item:
6.2.5.1.2 Higher Order Modulation
Document for:
Discussion and Decision
1. Introduction
A study item on provision of high order modulation was approved at the RAN#72b RAN1 meeting. For evaluating the RF impact for high order modulation, the effects of major components, e.g. mixer and local oscillator, are taken into consideration. Since a high order modulation scheme is vulnerable to RF imperfection, I/Q-imbalance and frequency error induced by mixer and local oscillator should be considered. And the timing skews of I-path and Q-path low pass filters are also should be model. Consequently, timing skews joint I/Q-imbalance and frequency error due to local oscillator, mixers, and low pass filters may degrade system performance especially for a high order modulation scheme. Therefore, this contribution discusses the impacts of timing skews joint I/Q-imbalance and frequency error for a high order modulation scheme.
2. Timing skews joint I/Q-imbalance and frequency error
RF distortions will cause serious degradations of performance in most OFDM-based systems especially for high order modulation. The imbalance of local oscillator (LO) between transmitted antenna and received antenna will result in frequency error, making time-domain signal sampled non-coherent, and the mismatch of gains, phases and filters between in-phase (I) and quadrature-phase (Q), namely timing skews joint I/Q-imbalance, make time-domain signal skew and frequency-domain gain imbalance. Then an OFDM direct-conversion receiver recovers datum difficultly. Therefore, several schemes [1]-[11] have been proposed to compensate for such distortions, as follows. Data-aided (DA) methods [1], [2] use special pilots and training symbols. Nondata-aided (NDA) methods [3]-[6], only utilize transmitted data without any other additional information. Adaptive filter-based methods [7]-[9] employ the received data to handle estimation and a high Image Rejection Ratio (IRR) is certified after compensation. Some blind I/Q-imbalance estimators [10], [11] that rely on signal statistics have also been adopted to achieve estimation and compensation. Introducing the frequency error phenomenon into the system will increase the estimation error. Fig. 1 displays the RF model [1], [6], [11] which can be characterized by amplitude mismatch g=(1+ ɛ), phase error  θ, two mismatched LPFs (
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Fig 1: The model of timing skews joint I/Q-imbalance and frequency error in OFDM systems

Timing skews, caused by filters mismatch, results in the non-coherent I-path signal with Q-path signal, plotted in Figs. 2(a) and 2(b).
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Fig. 2: Timing skews between I path and Q path: (a) skewed by 1 sample period; and (b) skewed by 1/2 sample period.

To analyze the effect of timing skews joint I/Q-imbalance and frequency error, after the received signal goes through mixers, two inconsistent LPFs, and ADCs, the time-domain signal can be written as follow. 
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In which, t is the time-domain index, “
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” represents the convolution operator, and 
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 denotes the additive white Gaussian noise (AWGN). The frequency-domain baseband signal 
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where 
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 is the image aliasing effect caused by I/Q distortions. k is the frequency-domain index. 
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 [12]. For simplification without lost generality, such two LPFs can be modeled by FIR filter [1]. For example, the filter mismatch can be modeled by a worse case [1] of 
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. When timing skews joint I/Q-imbalance happens, the channel frequency response (CFR) will suffer from severe degradation displayed in Figs. 3(a) and 3(b). Besides, if timing skews joint I/Q-imbalance is combined frequency error, the data will become undecided.
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Fig. 3: Amplitude and angle of CFR with 1-dB gain error, 15° phase error and the worst timing skews: (a) amplitude; and (b) angle.
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Fig. 4: BER of different I/Q imbalance with 64QAM and 256 QAM modulation in WINII indoor channel

Fig. 4 shows the impact of different I/Q to the 256QAM modulation. The slight I/Q imbalance will result in obvious SNR loss. It indicates that for ensuring sufficient performance in high order modulation (e.g. 256QAM), the constraint of image rejection ratio (IRR) should be defined.

3. Conclusion
The mixer, local oscillator, and low pass filters in RF module will induce timing skews joint I/Q-imbalance and frequency error. I/Q-imbalance cause signal distortion by image aliasing and timing skews cause the image aliasing ratio varying per carrier. Besides, if timing skews joint I/Q-imbalance is combined frequency error, the data will become undecided. For high order modulation, the timing skews joint I/Q-imbalance and frequency error degrade the system performance seriously. It means that these RF distortions should be considered carefully.
For ensuring sufficient performance for a high order modulation scheme, we propose:
Proposal 1: The timing skews joint I/Q-imbalance and frequency error need to be model in the system level simulation especially for a high order modulation scheme. 
Proposal 2: The constraint of image rejection ratio (IRR) should be defined for ensuring sufficient performance.
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