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1 Introduction
In RAN4 Chicago meeting, initial discussion on support of 256QAM for small cell was held. For the UE impairment issue raised in RAN1 LS [1], some consideration and analysis were provided [2-5]. In this contribution, we give some further analysis on UE impairments.
2 Discussion

 In the agreed reply LS to RAN1 [6], some RX impairments are listed, which include:
· RX local oscillator phase noise 

· RX dynamic range

· I/Q imbalance
· Carrier leakage

· Carrier frequency offset
Among these factors, The SNR degradation from factors of I/Q imbalance, carrier leakage and carrier frequency offset can be mitigated with base band calibration methods. In current specification, only receiver image rejection ratio is defined for CA requirement, but it can also be considered as a general UE requirement from implementation point of view. The value -25dBc is a minimum requirement to measure the level of I/Q imbalance from analog circuit perspective. However, calibration for I/Q imbalance and carrier leakage are very common in commercial base band chipsets. The practically achievable SNR after calibration for I/Q imbalance and carrier leakage is about 40dB.
RX dynamic range includes LNA and mixer performance, ADC dynamic range, dynamic range of interfaces (analog or digital), number of bits required in digital signal processing [5]. RX dynamic range needs to cover wanted signal from reference sensitivity level to the maximum input level and some cases in presence of interfering signals. The LNA and mixer performance are mainly dependant on the linearity of the devices. In most cases, it can be expected that non-linearity distortion from LNA and mixer will not be the limiting factor for UE supporting 256QAM. Digital interfaces and number of bits required in digital signal processing are determined in architecture design of the base band chipset, enough dynamic range should be considered in the specific implementation. ADC dynamic range or selected number of ADC bits is a good trade off example between cost and required performance. 10-bit ADC is assumed in [4]. Based on this assumption, theoretical SNR is 61.96dB (6.02N + 1.76 dB). However, for a practical ADC, considering manufacture and implementation factors, such as quantization noise and sampling jitter, effective-number-of-bits (ENOB) of the ADC decreases. Assuming 9bits ENOB and 10dB signal PAPR back off, the SNR of a 10bits ADC can still be larger than 45dB. 
RX LO phase noise is another main contributing factor to RX impairments. As shown in the measurement result in [7], the typical achievable EVM of a BS LO is as low as 1~2%. While with primary consideration on low cost and low power consumption, in general the UE LO performance is not as good as that for BS. However, since 256QAM is a new feature for small cell, new design for some kinds of UE are possible. It is expected that better EVM can be achieved if the cost of power consumption can be acceptable for these kinds of UE, e.g. CPE and USB dongle. It is noted that the achievable EVM due to UE LO phase noise of some commercial UE chipsets is already as low as 2%.
3 Conclusion

RX impairments are analyzed in this contribution. Some of them can be calibrated easily in base band chipset, e.g. I/Q imbalance, carrier leakage and carrier frequency offset, which have less impact on the SNR degradation. Some factors could affect the total SNR, but better performance can be achieved with better devices or chipset. For current available commercial UE chipsets, based on the measurement and analysis results, RX LO phase noise is the main limiting aspect of the UE RF performance. For a UE receiver, impairments of above factors contribute independently for the SNR degradation and the total EVM could be calculated as square root of all these non-correlative contributing factors. The practically achievable EVM for UE side could be as low as 2~3% taken into account the identified impairment factors. 
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