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1 Introduction

In RAN#61, the study item for small cell enhancement was extended  [1]. One open issue of the study listed in [1] is spectral efficiency with introduction of higher-order modulation:
RAN1 should study the following topics following the discussions in RAN#61:

· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission
Also, RAN4 made the following observation concluded for evaluation of 256QAM in LS to RAN1 [2]:

· For Tx EVM,
· Transmitter EVM for 256QAM can be modelled as an AWGN component. 
· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.
· For Rx EVM,
· Applicable Rx impairments can be modelled by an equivalent AWGN component at the receiver.
· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM.
Therefore, this contribution provides evaluation results for 256QAM in small cell scenario 3 taking into account feedback for EVM from RAN4.
2 System level simulation results
Simulation assumptions
· Scenario model: Sparse model in small cell scenario 3
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Figure 1: Sparse model in small cell scenario 3

· Traffic model: FTP model 3

· EVM: 0, 2, 4% (EVM is modeled as additional noise which affects the achievable SINR at a receiver [3])
· RU: In average, 25%, 60%
· Performance metric: Average user packet throughput

Other simulation assumptions are same as presented in [4].
Simulation results

Table 1 and 2 shows average UPT gains for 256QAM over 64QAM in Sparse model of small cell scenario 3. From results in table 1 and 2, 4.9%~33.3% gains on average UPT are observed for 256QAM over 64QAM. Therefore, significant average UPT gains can be achieved with the introduction of 256-QAM in small cell scenario 3.
Table 1: Average UPT gains for RU 25%
	Modulation
	EVM 0%
(Mbps)
	EVM 2%
(Mbps)
	EVM 4%
(Mbps)

	64QAM 
	47.1

(0%)
	46.3

(0%)
	45.7

(0%)

	256QAM 
	62.8

(+33.3%)
	60.0

(+29.6%)
	49.1

(+7.4%)


Table 2: Average UPT gains for RU 60%

	Modulation
	EVM 0%
(Mbps)
	EVM 2%
(Mbps)
	EVM 4%
(Mbps)

	64QAM 
	35.8

(0%)
	35.6

(0%)
	34.6

(0%)

	256QAM 
	46.1

(+28.8%)
	45.4

(+27.5%)
	36.3

(+4.9%)


3 Conclusions
This contribution provides system level simulation results for 256QAM in small cell scenario 3. Applying ideal EVM and even a realistic EVM 2, 4%, significant average UPT gains can be achieved with the introduction of 256-QAM in small cell scenario 3. 
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Appendix
For Sparse model, geometry curves are provided when all small cells are on and one small cell is off. Up to 30% of the UEs have geometry > 30 dB in case of all small cells on and even up to 80% have at least 30 dB SINR in case of one small cell off. Therefore, large percentage of small cell UEs in small cell scenario 3 would have the opportunity to be scheduled with the highest supportable MCS.
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Figure 1: Geometry curve for Sparse model in small cell scenario 3
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