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1. Introduction
A study item on provision of low cost MTC UEs was approved at the RAN#53 plenary meeting. In [1], the document has analysis initial cost breakdown of MTC LTE UE RF cost. However, the system performance degradation due to lower-cost RF components has not been studied. This contribution discusses impacts of timing skew due to RF filters mismatch in low-cost MTC UEs.

In [14]-[17], RF requirement for BS or UE have EVM requirement. And IQ image power requirement have defined for UE of carrier leakage. But some RF non-ideal effect could impact system performance. Timing skew caused by filter mismatch in RF maybe crash receiver if it is joint I/Q-imbalance (Carrier leakage).
2. Timing skew joint I/Q-imbalance

Multiple-input multiple-output orthogonal frequency division multiplexing (MIMO OFDM) is used in LTE standard over frequency-selective fading. However, RF distortions will cause serious degradations of performance in most OFDM-based systems. Especially, mismatches of gains, phases and filters between in-phase (I) and quadrature-phase (Q), namely timing skew 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 [3]-[13] have been proposed to compensate for such distortions, categorized as follows.

1. Data-aided (DA) methods [3], [4], in which special pilots and training symbols are inserted into the transmitted data.
2. Nondata-aided (NDA) methods [5]-[8], in which the transmitted data are used without any other additional information.
3. Adaptive filter-based methods [9]-[11], in which the received data are utilized to handle estimation and a high Image Rejection Ratio (IRR) is certified after compensation. 

Some blind I/Q-imbalance estimators [12], [13] that rely on signal statistics have also been adopted to achieve estimation and compensation. Although these methods can work well under timing skew joint I/Q-imbalance in IEEE 802.11n or UWB system, they are insufficient in 3GPP LTE due to the characteristic of RS and SS.

Fig. 1 displays the timing skew joint I/Q-imbalance model [3], [8], [13] which can be characterized by amplitude mismatch 
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Fig 1: The model of IQ imbalances in MIMO-OFDM systems
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                 (a) Skewed by 1 sample period                   (b) Skewed by 1/2 sample period.
Fig. 2: Timing skews between I path and Q path
The timing skews, caused by the inconsistent main pulses of two LPFs, are plotted in Figs. 2(a) and 2(b). After low-pass filtering, the frequency-domain baseband signal 
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 are the I/Q signals after the LO, and 
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 is the image aliasing effect caused by I/Q distortions. For simplification without lost generality, such two LPFs can be modeled by timing skew joint I/Q-imbalance filter [1]. For example, the filters mismatch can be modeled by the worst case [1] of 
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, or via a slight case of 
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as displayed in Figs. 3(a) and 3(b). From Figs. 3(a) and 3(b), it is also known that filter mismatch and its timing skew cause severe distortions. Due to the aging of electronic components and PVT effects, the timing skew joint I/Q-imbalance distortions are different in different received antenna.
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(a) Amplitude                                                             (b) Angle
Fig. 3: Amplitude and angle of CFR with 1-dB gain error, 15° phase error and timing skew
Since timing skew joint I/Q-imbalance causes I/Q imbalance varying per carrier, it must be estimated and compensated to reduce the distortion. However, the SS signal only exits in the centre 62 carriers, which are insufficient for estimating the timing skew joint I/Q-imbalance effect in other carriers.
3. Conclusion
In conclusion, system performance is degraded by timing skew due to filter mismatch in low-cost MTC UEs.
Proposal: The timing skew due to filters mismatch needs to be model in the system level simulation for low-cost MTC UEs.
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