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1 Introduction

In TSG-RAN#58, a new study item for small cell enhancement was agreed [1]. One focus area of the study discussed in [1] is spectral efficiency enhancements such as higher-order modulation:
· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

This contribution discusses the introduction of 256QAM and presents link level evaluation results based on assumptions agreed during RAN1 #72 and subsequent email discussions [2]-[3]. The system level evaluation results are provided in a companion contribution [4]. 
2 Link level results
The introduction of high order modulation can be a straightforward way increase the special efficiency. In a typical scenario for small cell, unless the density is too high, high SINR ranges can be expected, especially for isolated indoor cases. Hence, there could a large percent of UEs which could satisfy the geometry requirement for 256QAM, e.g. >20dB. Further, a small cell normally operates with lower TX power due to the small coverage, which also makes it more feasible to implement certain high order modulation. 

Ideally, by increasing the highest modulation from 64QAM to 256QAM, up to 33% gain on the peak data rate can be achieved. Hence, in the following part, we provide link level results and focus on the region of high SNR. The simulation assumptions are provided in Annex, which is based on the agreements in [3], except that rank adaption is OFF and fixed rank 1 and fixed rank 1 are assumed separately. The highest coding rate is limited to 0.9258 for 256QAM in the evaluation. 

As discussed in early meetings, EVM can be an important factor which impacts the benefit of 256QAM. Hence, the link throughput with ideal EVM and realistic 4% EVM are provided. The EVM effect is modeled as AWGN in the transmitter side in the simulation. The results for the cases using fixed rank 1 and fixed rank 2 are provided in Figure 1 and Figure 2 respectively. From the results, the gain by using 256QAM over 64QAM is more than 30% for ideal EVM, which is aligned with the theoretical calculation. For the case of fixed rank 1, 256QAM starts to provide gain over 64QAM when SNR is more than 20dB, and the gain is reduced to 25% when EVM 4% is considered. While, for the case of fixed rank 2, 256QAM is superior for SNR higher than 30dB, and the gain is reduced to about 17% with EVM 4% modeled. 
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Figure 1: link throughput for fixed rank 1
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Figure 2: link throughput for fixed rank 2

3 Conclusions
This contribution provides link level evaluation results for the introduction of 256QAM for small cells. Both ideal EVM and a realistic EVM 4% are considered. From the results, still significant gain of 16% to 25% could be observed even when 4% EVM are modeled. It hence anticipated the gain can be even higher if a stricter EVM requirement is applied. 
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Annex – Link-level simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Channel model / Doppler spread (Hz)
	EPA, 10 Hz

	Interference model
	AWGN

	PDSCH resource allocation
	4 PRBs

	Transmission scheme / mode
	TM10

	HARQ
	Enabled, up to 4 transmissions

	Link adaptation
	Enabled (QPSK, 16QAM, 64QAM, 256QAM), OLLA enabled

	Rank adaptation
	OFF, fixed rank 1 or fixed rank 2

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	CQI granularity
	Narrowband

	PMI/CQI reporting delay
	8 ms

	PMI/CQI reporting periodicity
	5 ms

	CSI-RS configuration
	2-Tx CSI-RS, 5 ms periodicity

	CRS configuration
	2 CRS ports

	Channel estimation for feedback
	CSI-RS: Realistic channel estimation

	Channel/interference estimation for demodulation
	DM-RS: Realistic channel estimation, ideal interference covariance

	UE receiver
	LMMSE-IRC
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