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1.  Introduction
The new study item [1] for small cell enhancements was approved for Release 12 in RAN #58 meeting. One potential solution is to introduce higher order modulation scheme (e.g. 256QAM) for the downlink spectral efficiency improvement. In this contribution, some link level simulation results are given for 256QAM. Different EVM assumptions are also considered in order to take non-ideal condition into account in reality.

2.  Simulation results with ideal EVM
Theoretically, the introduction of higher order modulation can obtain higher efficiency and improve the peak data rate, especially in the high SNR region. Figure 1 compares the spectral efficiency for different modulation schemes and code rate in AWGN channel without considering EVM. As the figure shown, the SNR switch point between 64QAM and 256QAM is about 18.6dB, which means 256QAM can improve spectral efficiency when effective SNR is higher than 18.6dB.
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Figure 1. Performance comparison in AWGN channel without EVM
Meanwhile, the performance in multi-path channel is also evaluated with detailed parameters shown in the following table. The simulation results with or without 256QAM are given in Figure 2.
Table 1 simulation parameters for 256QAM
	Parameters
	Assumptions

	Channel model
	EPA channel

	Speeds
	3km/h

	Carrier
	3.5GHz

	System bandwidth
	10MHz

	Antenna configuration
	2Tx 2Rx

	Channel estimation
	Real

	MIMO Mode
	TM8

	256QAM mapping mode
	Gray mapping

	MCS level for 256 QAM
	6

	Code rate for 256QAM
	0.6 – 0.9
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Figure 2. Performance comparison in EPA channel without EVM
As Figure 2 shown, additional gain can be obtained with the introduction of 256QAM. Not only the peak data rate, also the spectral efficiency performance can be improved especially when SNR exceeding 21.5dB, and the performance gain can achieve  around 25% in high SNR region, e.g. 23.5%~27.9%  when SNR is 30~32dB.
Observation 1: With ideal EVM, the throughput can be improved if 256QAM is introduced.
· In EPA channel, the performance gain is significant when SNR is above 21.5dB and the performance gain can be 23.5%~27.9% when the SNR is 30~32dB.
3.  Simulation results with different EVM
On the other hand, considering the effect of EVM at transmitter, performance may be more or less degraded. Figure 3 shows the performances of spectral efficiency with different EVM. The average loss is about 5.6% and 9.3% for EVM 3% and 4% respectively, when SNR is between 17dB and 32dB.
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Figure 3. Spectral efficiency with different EVM
Observation 2: For EVM 3% and 4%, the performance loss is about 5.6% and 9.3% for 256QAM respectively.
Furthermore, we also compare the performance between 64QAM and 256QAM with different EVM consideration. 256QAM with 4% EVM and 64QAM with 4% are considered in our evaluation and the results are shown in Figure 4. Furthermore, the result of 64QAM with 8% EVM which is defined in current standard is also presented for comparison. For 4% EVM, 256QAM has 11%~15% throughput gain over 64QAM when SNR is 30~32dB. 
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Figure 4. Performance comparison between 64QAM and 256QAM with different EVM
Observation 3: For EVM 4%, 256QAM can also get 11%~15% performance gain compared to 64QAM when SNR is 30~32dB.
4.  Conclusion
Above all, considering the special deployment for small cell, we think it is necessary to introduce 256QAM to obtain higher spectral efficiency. In our contribution, theoretical analysis and performance evaluation are discussed. Some of our observations are shown as follows:

Observation 1: With ideal EVM, the efficiency performance can be improved if 256QAM is introduced.
· In EPA channel, the performance gain is significant when SNR is above 21.5dB and the performance gain can be 23.5%~27.9% when the SNR is 30~32dB.
Observation 2: For EVM 3% and 4%, the performance loss is about 5.6% and 9.3% for 256QAM respectively.
Observation 3: For EVM 4%, 256QAM can also get 11%~15% performance gain compared to 64QAM when SNR is 30~32dB.
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 Figure 5. 256QAM constellation with Gray mapping
Table 2. TBS definition for 64QAM and 256QAM (10PRB)
	Modulation Order
	TBS
（10PRB）
	Code Rate

	6
	5352
	0.7433

	6
	5736
	0.7967

	6
	5992
	0.8322

	6
	6200
	0.8611

	8
	5736
	0.5975

	8
	6712
	0.6992

	8
	7736
	0.8058

	8
	8248
	0.8592

	8
	8632
	0.8992
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