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Introduction
In RAN#58, “New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved. One object of this SI is “Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink [1]”. In RAN1 #72 and #72bis, simulation assumptions were approved [2]. In this contribution, we will provide our views and simulation results for 256QAM.

Discussion
The deployment of small cell is usually for indoor and hotspot. It implies that the distance between small cell and UE is short and the possibility of high SINR is high, especially for sparse small cell deployment scenarios. 256QAM is suitable for high SINR region. 
In [2], 3 typical scenarios are provided for simulation where both sparse and dense are included. For actually small cell deployment, the percentage of dense and sparse scenario is not easy to estimate. The density of small cells and users receiving SINR depends on many factors. Firstly, the available operation carrier number will affect the density of small cell using the same carrier. Small cells could choose different operation carrier to avoid intra-frequency interference. If over 100MHz bandwidth is used, like 3.5GHz, the density of small cell using the same carrier will decrease. Secondly, dynamic cell on/off will have effect on UE receiving SINR. To avoid interference and save energy, dynamic cell on/off should be applied for small cell deployment. If this technique is used, the density of small cells operating in the same carrier might be further reduced and users SINR could be improved. Thirdly, interference cancellation can improve users SINR. For small cell deployment, if many cells are located in a small area, it is easier to find out several strong interferences and make interference cancellation. Besides, the variation of channels in indoor and hotspot scenarios is slow. It is also an advantage for interference cancellation. Therefore, we propose
Proposal 1: some potential factors/techniques that have effect on SINR distribution should be considered for 256QAM evaluation.
EVM and UE receiver impairments play key role for 256QAM implement. According to the LS from RAN4[3], improved EVM values compared to existing requirement of 8% can be achieved for low power BS. It is implies that a lower EVM value for 256QAM simulation could be used. However, the effect of Rx impairment is still FFS for RAN4. We might add a maximum SINR constraint to simulate all the factors together.

Simulation results
The design of 256QAM is Gray mapping. Simulation assumptions are listed in table 1 which is given in [2] as scenario #3(sparse). We set the EVM constraint as 4% and 6 coding rate is used.
Table 1 system level simulation assumptions on 256QAM
	Parameters
	Assumption

	Carrier frequency
	3.5 GHz

	System bandwidth
	10 MHz

	Distance-dependent path loss
	ITU InH [referring to Table B.1.2.1-1 in TR36.814] 
3D distance between an eNB and a UE is applied

	Penetration
	0

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

	Antenna Height:
	6m

	Antenna gain + connector loss
	5dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of UEs
	10

	UE dropping
	Randomly and uniformly distributed over area per floor

	Minimum distance (2D distance)
	Small cell-UE: 3m

	Traffic model
	FTP model 3

	CRS interference
	Without CRS interference

	EVM constraint
	4%

	256QAM coding rate
	0.7667,0.8,0.8333,0.8667,0.9,0.93

	Transmission scheme
	SU-MIMO with rank adaptation

	CRS configuration
	Antenna ports 0,1



Figure 1 shows the geometry of scenario 3(sparse) without EVM constraint. We can see, over 45% users’ geometry are over 20dB, which means the potential area for 256QAM might be wide for indoor scenario.
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Figure 1 Geometry of scenario 3(sparse) without EVM constraint

Figure 2 gives the relative gain of 256QAM for cell average throughput and 5% cell edge user throughput. The baseline is system simulation results without 256QAM. The EVM constraint is 4%. From Figure 2, 256QAM will bring about 24% cell average throughput gain comparing with no 256QAM. The benefit of introducing 256QAM is quite small for cell edge users. It brings less than 1% throughput gain for 5% cell edge user. 

Figure 2 Relative gain of 256QAM in scenario 3(sparse)
Obeservation 1: 256QAM will bring about 24% cell average throughput gain and less than 1% cell edge user throughput gain with 4% EVM constraint in scenario 3(sparse).

Conclusion
In this contribution, we show the performance of 256QAM in scenario 3(sprase) and get the following proposal and observation:
Proposal 1: some potential factors/techniques that have effect on SINR distribution should be considered for 256QAM evaluation.
Obeservation 1: 256QAM will bring about 24% cell average throughput gain and less than 1% cell edge user throughput gain with 4% EVM constraint.
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