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1 Introduction

In RAN#72, it is agreed to send an LS [1] to RAN4 to ask guidance on the achievable EVM and UE receiver impairments. In RAN#72bis, RAN4 provided a preliminary response [2] to RAN1. However, specific EVM value has not yet determined, and simulation assumptions as well as exact models refer to the UE receiver impairment need further discussion. 
This contribution provides preliminary evaluation on ranges of possible EVMs and the UE receiver impairments for 256QAM. In the simulation, EVM and the UE receiver impairments are both modelled as equivalent additive Gaussian white noise. The evaluation take the major EVM and receiver impairment  into consideration and try to see if achievable gain can be reached.
2 Evaluations of EVM requirements for 256QAM
2.1 Evaluation method

EVM requirement evaluations were done in RAN4 for the E-UTRA EVM BS requirements. Theoretical methods based on throughput loss (5 %) were used to evaluate the EVM requirement [3-5], in which link level throughput curves under a range of SNRs for the AWGN channel are obtained by assuming ideal AMC. Applying this method, the relationship between the EVM requirements and SNR can be expressed as:
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Where S is the wanted signal power, N is the AWGN power at the receiver, and S/N is the system Signal to Noise ratio.  The EVM values are expressed in terms of a percentage in LTE specification.  According to Appendix A, the SNR for 256QAM ranges from around 19.7 dB to 25.5 dB. Using the SNR midpoint ~ 22.6 dB into Equation (1), we can obtain an approximately 4% EVM requirement for 256QAM.  Thus, 4% EVM requirement is acceptable value for 256 QAM.
Observation 1:  Theoretical method shows that, 4% EVM requirement is acceptable value for 256 QAM.
2.2 System level simulation
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Figure.1. System simulation results
In the system level simulation, EVM and the UE receiver impairments are modelled as equivalent additive Gaussian white noise, whose powers are characterized with Tx EVM and Rx EVM respectively. EVM equivalent noise is added at the transmitter. It experiences both frequency and time selective fading when passing the radio channel. While the UE receiver impairment noise is added at the receiver, it experiences only time selective fading. Figure.1 compares the cell average gains by introducing 256QAM in conditions of different Tx EVMs, assuming 3% and 4% Rx EVMs. 
It can be seen that the cell average gains are over 11% for Rx EVM = 4%, Tx EVM = 4%. For Rx EVM = 3%, Tx EVM = 3%, the gain even reaches around 22.5%. Significant gains can be achieved with those reasonable TX/RX EVM values.
Observation 2: The cell average gains are over 11% for 4% Rx EVM and 4% Tx EVM. For 3% Rx EVM and 3% Tx EVM, more than 22% performance enhancement can be reached.

3 UE Receiver impairment

The UE receiver impairment affects the demodulation performance of the terminal. The impact on system performance is also needed to be evaluated especially after the introduction of 256 QAM. In [2], RAN4 requests that RAN1 takes the RX local oscillator phase noise, RX dynamic range, I/Q imbalance, carrier leakage and carrier frequency offset into consideration. Some of these impacts can be eliminated or reduced by implement methods such as reference signal correction. Those un-correctable errors should be modelled and analyzed in standardization. Usually, the UE receiver impairment is modelled as additive white Gaussian noise, as shown in earlier RAN4 contribution [6]. Also this is what was done in this contribution. Still there are multiplicative or nonlinear effects, which may not apply the white noise model. Thus, exact models of the above UE receiver impairments and unified simulation assumptions need further discussion. Exact value may need to be decided by RAN4. However, this uncertainty part for UE receiver impairment is not expected to be much higher.
4 Conclusions
In this contribution, evaluation on EVM and the UE receiver impairments for 256QAM, including the theoretical calculation and system-level simulation are presented. Observations are as follows:

Observation 1:  Theoretical method shows that, 4% EVM requirement is reasonable for 256 QAM.

Observation 2: The cell average gains are over 11% for 4% Rx EVM and 4% Tx EVM. For 3% Rx EVM and 3% Tx EVM, the gain even reaches around 22%.
Significant gains can be achieved with those reasonable TX/RX EVM values.
Proposal: RAN1 can introduce 256QAM into small cell to further enhance small cell performance. Feasible power class vs. EVM/receiver impairment need to be further decided in RAN4.
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Appendix A
To obtain the SNR range for 256QAM, some link level simulation results are given in the following figures. The simulations are performed with the AWGN channel and 1*1 antenna configurations, also no HARQ is assumed.
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Figure A.1 The relationship of the spectral efficiency and SNR (BLER target 0.1) for 64QAM and 256QAM 
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Figure A.2 SNR versus BLER curve for 256QAM, with coderate of 0.93

Figure A.1 presents the relationship between the spectral efficiency and SNR (BLER target 0.1) for both 64QAM and 256QAM. We can see that the performance for 256QAM is better than 64QAM above the SNR point of about19.7dB. And as shown in Figure A.2, the highest SNR point for 256QAM is ~25.5dB, at which a 99% of maximum throughput can be achieved. Thus the SNR range for 256QAM can be limited from 19.7 dB to 25.5 dB, by taking the midpoint of SNR of about 22.6dB we can obtain an approximately 4% EVM requirement.

Appendix B
Table B.1: System-level simulation assumptions
	Deployment scenarios
	Indoor Hotspot

	Carrier configuration
	1 carrier @ 3.5GHz

	System bandwidth
	10 MHz

	Simulation case
	ITU-InH 

2 indoor small cells 

	Number of UEs 
	10 UE 

	Outdoor/Indoor UE ratio
	100% Indoor

	DL transmission scheme and coordination scheme 
	SU-MIMO with rank adaptation

	UE speed
	3km/hr

	Tx power (Ptotal)
	Small cell:24dBm

	Traffic model
	FTP 1

	Number of TX and RX antennas
	2x2

	Antenna configuration
	XPOL

	Antenna gain + connector loss
	5dBi

	UE receiver
	MMSE

	Network synchronization
	Synchronized

	Scheduler
	Proportional Fair

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	Tx EVM
	0%, 3%, 3.5%, 4%

	Rx EVM
	3%, 4%


Other simulation assumptions not listed in Table B.1 can be found in the attached spreadsheet of R1-130856, Scenario #3 (sparse).
_1425472083.unknown

