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Discussion 

1. Introduction

RAN1 has tasked RAN4 with considering the error vector magnitude and receiver impairments for 256 QAM as a part of the small cells studies [1], for their further studies of small cells at system and link level. Specifically, RAN1 has requested the following information:
	· Practically achievable EVM values to assume for DL higher order modulation (for power levels 20dBm, 24dBm, 30dBm and 37dBm) 
· 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


2. Discussion

A starting point for discussion on impairments and EVM is to note that as a rule of thumb, 256QAM needs approximately 6dB better SNR compared to 64QAM, due to the 4x increase in constellation size. Of course, this approach is simplistic and it does not consider the feasibility of the improvements at either eNB or UE side with reasonable power consumption and implementation margin. Nevertheless, we could roughly extrapolate existing eNB requirements for transmitter EVM which would suggest that approximately 4% transmitter EVM would be a starting point for 256QAM operation, improving the maximum SNR that the UE receiver can experience by approximately 6dB as shown in figure 1.
	Modulation
	TX EVM
	Max SNR

	QPSK
	17.5 %
	15.1 dB

	16QAM
	12.5 %
	18.1 dB

	64QAM
	8 %
	21.9 dB

	256QAM
	4 %
	28.0 dB


Some of the following aspects need to be considered in eNB implementation to evaluate the feasibility of improved EVM

· PA linearity (subject to BS power class, RAN1 requested evaluation of 20dBm, 24dBm, 30dBm and 37dBm) 
· LO phase noise, phase jitter
· Distortion due to TX filter 
· Quantization noise at the D/A
· IQ imbalance
Similarly, the following areas are relevant to UE receiver EVM

· LNA linearity and noise

· LO phase noise, phase jitter

· Distortion due to RX filter 

· Quantization noise at the A/D

· IQ imbalance

Clearly, a more detailed analysis of these impairments is necessary to understand the tradeoffs involved.
In the UE RF receiver, the achievable signal to noise ratio (in other words related to the UEs own impairments rather than any channel impairment such as interference) also depends on a number of factors, and is strongly dependent on the received signal level. At low input levels, additive noise from low-noise amplifier and analog baseband stages dominates and the signal-to-noise ratio tends to increase linearly with signal strength. At higher input power, phase noise becomes more dominant, and the signal to noise ratio will saturate as the phase noise is not signal strength dependent. Therefore one limiting aspect of the UE RF performance is LO phase noise.

There are clear and well known techniques to improve phase noise in UE implementations, but it is important to recognise that improving the UE RF receiver performance comes at a cost of increased power consumption.
While this may be acceptable from a user perspective (other enhancements to user throughput such as carrier aggregation also increase UE power consumption), there is also a clear need to investigate the tradeoff between improved RF performance and decreased battery life.
Our assumption is that baseband impairments such as the impact of channel estimation on 256 QAM demodulation and the need for good time and frequency tracking would be modelled more explicitly in RAN1 link level simulations.
As the RF performance involves engineering tradeoffs on both eNB and UE sides, it does not seem feasible to answer RAN1 with a single numerical value for either TX or RX EVM. We think it is important that RAN4 makes a detailed analysis of the tradeoffs involved, such as power consumption versus UE receiver performance.
3. Conclusions

In this contribution we provide initial discussion on the tradeoffs that would be involved in EVM to allow 256 QAM operation in both basestation transmitter and UE receiver. As the RF performance involves engineering tradeoffs on both eNB and UE sides, it does not seem feasible to answer RAN1 with a single numerical value for either TX or RX EVM. We think it is important that RAN4 makes a detailed analysis of the tradeoffs involved, such as power consumption versus UE receiver performance.
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