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1 Introduction

In 3GPP TSG RAN #58, the study item “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved [1]. The objective of this study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell. One potential enhancement for improved spectral efficiency is Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.
RAN1 has sent an LS to RAN4 asking the following [2]
· Practically achievable EVM values to assume for DL higher order modulation (for each of the small cell eNB Tx powers in TR 36.814 i.e. 20dBm, 24dBm, 30dBm, 37dBm) (take from existing BS classes)
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modelling such impairments
· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells 
In this contribution we present the receiver impairments for 256QAM in the DL.  
2 Discussion
2.1 RX impairments

Figure 1 shows a simplified model for transmitter and receiver with the corresponding EVM. The impact of transmitter and receiver impairments on the signal quality is represented by TX EVM and RX EVM, respectively. 
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Figure 1 Simplified model of transmitter and receiver with corresponding EVM
Some of the main sources of impairments at the transmitter are discussed in [3].

The main sources of impairments at the UE receiver side are:

· Receiver nonlinearity due to receiver dynamic range,
· I/Q imbalance in the mixer, 
· Leakage of the local oscillator
· Quantization noise of the analog to digital (A2D) converter
2.2 RX EVM

The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. Although there are different EVM requirements for different modulation scheme, one should note that EVM values are independent of the modulation scheme. 
Earlier studies prior to LTE Rel-8 on the EVM requirements assumed UE RX EVM of 6%. This means that the hardware design was based on these values, so EVM of 6% can be assumed as the maximum value of EVM in current UE. 
In order to utilize 256QAM in a link the range of SINR should be quite high, or the EVM values should be low. However, reducing the EVM values on the BS side while keeping the EVM at the UE, will not reduce the overall EVM considerably and the total EVM will be dominated by the UE EVM, since the total EVM is described as

[image: image2.wmf]2

UE

2

BS

EVM

EVM

EVM

+

=

.
In other words there is not a big gain in terms of signal quality if the BS has low EVM while the UE RX EVM is high.

High geometry means that the SINR (including the impairments) should be high enough for higher order modulations. Table below shows some typical EVM values and the corresponding SNR values.

Table 1 Some EVM values and the corresponding SNRs

	EVM
	4%
	6%
	8%
	10%

	SNR
	28
	24.4
	21.9
	20


This means for high SNR (>25 dB), total EVM values less than 6% is required. Such total EVM would mean that the required EVM at the BS must be lowered and that requires low EVM on the UE.
Therefore the answer to the question of “UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries” as described in the LS, is that current design is based on UE EVM of 6%. However, this is a maximum (worst case) UE RX EVM, and the realistic value is lower. A detailed study might be needed to evaluate the quantitative values.

For high signal geometry the assumed value of RX EVM means too much receiver impairments. In order to lower the overall EVM, and since the BS TX EVM is the dominant source of impairments, the required UE EVM needs to be reduced to much smaller values and lower than the BS TX EVM.
3 Conclusions

In this contribution we discussed receiver impairments for 256QAM in the DL, and the following observations were made:

· Current requirement for BS EVM is based on evaluations with UE receiver EVM of 6%. However the realistic value is lower than that, and a study is needed to evaluate the quantitative values.
· In order to observe performance gains for 256QAM, UE RX EVM much smaller than the assumed values is required.
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