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1. Introduction
As part of the small cell enhancements study item [1], the evaluation of potential spectral efficiency enhancements due to the introduction of higher order modulation schemes (specifically 256QAM) in the downlink will continue to be studied in RAN1#75 [2]. In RAN4#68 and as a response to a RAN1 LS, RAN4 has provided possible values of transmitter Error Vector Magnitude (TX EVM) in the range of 3~4% and receiver EVM (RX EVM) in the range of 1.5~4% [3]. In this contribution, we focus on link level simulations (LLS) and present link level evaluation results for the 256QAM modulation scheme considering the typical ranges of TX EVM and RX EVM. The evaluation results offer insights into the impact of transmitter and receiver impairments on the potential gains from using 256QAM modulation.  
2. Spectrum Efficiency and MCSs for 256QAM 

In order to evaluate the potential performance gains of the 256QAM modulation scheme, ten new Modulation and Coding Schemes (MCSs) with 256QAM modulation order and coding rates in the range 0.7-0.94 are used in the simulation. The achievable spectral efficiencies and coding rates are depicted in Figure 1(a) and 1(b), respectively, for all MCSs. In Figure 1 (a), it is shown that 256 QAM may be used when the effective SINR is above 20 dB. It is noted from Figure 1 (a) that the first selected MCS of 256QAM has the same spectral efficiency as the last MCS of 64QAM. 
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(a) Spectral Efficiency                                                             (b) Coding Rate. 
Figure 1 Achievable Spectral Efficiencies and Coding Rates for all MCSs

3. Link Level Simulation (LLS) Results

In this section, we provide LLS results evaluating the potential gains of 256QAM. The LLS assumptions are aligned with the agreed LLS simulation parameters [4] with ideal channel estimation. The LLS parameters are briefly listed in the Appendix of this contribution. We consider 64QAM and 256QAM with both zero and non-zero TX EVM and RX EVM values.  For non-zero EVM values, practical EVM values (within the EVM value ranges specified in [3]) of 3~4% TX EVM and 4% RX EVM values are used for the evaluation.

The TX EVM is modeled as a zero-mean complex Gaussian random variable with variance of (TX_EVM^2). This random variable is added to the transmitted symbol, which has unit average energy. On the other hand, the RX EVM is modeled as zero-mean complex Gaussian random variable with variance of (RX_EVM^2) and is added to the received symbol after FFT processing. When calculating the effective signal-to-interference-plus-noise-ratio (SINR), we note that the TX EVM effect is amplified by the channel gain, while the RX EVM is not. 
Figure 2 shows the LLS performance curves for 64QAM and 256QAM with zero and non-zero TX and RX EVM values. At high SNRs and with zero TX/RX EVM values, 256QAM has higher throughput than 64QAM with a maximum gain of 23.1% at SNR = 40 dB. When 4% TX EVM is added, the average throughput values of both modulation orders (64QAM & 256QAM) decrease compared to the zero-EVM case, with larger decrease observed for 256QAM due to its higher sensitivity to impairments. As a consequence, the 256QAM gain compared to 64QAM is reduced to 9.4% at SNR = 40 dB when TX EVM is added. Considering both TX EVM and RX EVM at 4%, we observe that the average throughput values of both modulation orders have been significantly degraded and no gain is observed for 256QAM over 64QAM. 
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Figure 2 LLS-based throughput vs. SNR curves for 64QAM and 256QAM for different values of TX EVM and RX EVM
Considering the LLS results contained in [5], we also assume a lower TX EVM of 3% and RX EVM of 4%.Table 1 presents the 256QAM throughput values (at high SNR) and achievable gain percentage compared to 64QAM. As shown in Figure 2 and Table 1, the achievable gain is zero present over 64QAM for the case of 3% TX EVM and 4% RX EVM. Hence, we conclude that most of the original 256QAM gain over 64QAM under ideal conditions ceases to exist when both TX EVM and RX EVM are modelled in the simulation.
	
	RX EVM

	
	0
	4

	TX EVM
	0
	6.86 (23.1%)
	-

	
	3
	-
	4.3 (0%)

	
	4
	6 (9.4%)
	4 (0%)


Table 1 LLS-based throughput (in Mbps) at high SNRs for 256QAM and its gain in % over 64QAM for different values of TX EVM and RX EVM.

Observation:
· The achievable throughput gain of 256QAM over 64QAM at high SNRs ceases to exist with practical values of both TX EVM and RX EVM, which are modeled within the practically achievable EVM range
4. Conclusions

In this contribution, we evaluated the potential gains of utilizing 256QAM from a link-level perspective. We have included both transmitter and receiver impairments in order to have a realistic evaluation of the potential 256QAM gains. The following observation is made:
Observation:

· The achievable throughput gain of 256QAM over 64QAM at high SNRs ceases to exist with practical values of both TX EVM and RX EVM, which are modeled within the practical EVM range. 
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Appendix: LLS Parameters

	Parameters 
	Assumption 

	Bandwidth 
	10 MHz

	Carrier Frequency
	3.5 GHz

	Channel Model and Doppler Frequency
	· EPA 10

· The delay profiles refer to 36.101 Table B.2.1-2

· Maximum Doppler frequency: 10 Hz

	Transmission Mode
	4

	MIMO Configuration
	2x2 with low correlation, Refer to 36.101 B.2.3.2

	CRS Configuration
	Antenna Ports 0,1

	Rank Adaptation 
	ON

	Link Adaptation
	ON

	PMI
	Based on UE measurement and feedback

	HARQ
	ON

	UE Receiver 
	MMSE-IRC

	Channel Estimation
	Ideal

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0 

	Cyclic Prefix
	Normal

	Overhead Assumption
	3 PDCCH symbols

2-Port CRS

	Performance metric
	Throughput (Mbps)

	Feedback Delay (ms)
	8

	Number of PRBs
	5
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