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1 Introduction

In RAN#58, it is agreed that the study for Small Cell Enhancements shall include following areas [1]:
· 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.

· Overhead reduction for reference signals, control signals and feedback in downlink and uplink based on existing channels and signals. 

In this contribution, we will provide the evaluation and analysis for 256QAM.
2 Operating region of 256QAM
In Figure 1, the theoretical spectral efficiency of Gaussian signal and different QAM modulations up to 256QAM is given. From Figure 1, we can see that 256QAM outperforms lower-level modulation in high SNR region, especially for SNR > 20dB.
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Figure 1: Theoretical spectral efficiencies of Gaussian signal and different QAM modulations
In Figure 2, the practical channel coding (Turbo code) was used to compare the achievable spectral efficiency for various modulations in the AWGN channel (10%BLER is assumed). The 256QAM constellation used in this simulation is shown in Table 5 in the Appendix (a simple extension of 64QAM based on Gray mapping rule).
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Figure 2: Spectral efficiency when BLER is 0.1 vs SNR.
From Figure 2, the switch point between 64QAM and 256QAM is about 19.2dB, which quite well matches the theoretical performance shown in Figure 1. Therefore, 256QAM could be useful in scenarios where a significant part of the UEs could get an effective SINR the exceeding 19.2dB. 

3 System level evaluation of 256QAM
Based on simulation assumpions proposed in [2], post SINR (after MIMO processing) of PDSCH with full buffer traffic in different scenarios is shown in Figure 3. 4% EVM is taken into account so that the upper bound of post SINR is around 28dB.
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Figure 3: CDF of post SINR
According to Figure 3, we could observe that post SINR is high in scenario #3(sparse), scenario #2b(sparse), i.e. 55% PDSCH transmission layer’s post SINR exceed 20dB in scenario #3(sparse),  30% post SINR exceed 20dB in scenario #2b(sparse). Note that even for outdoor scenario (#2a), the post SINR will increase while low load traffic is considered. Thus, 256QAM is expected to offer gains in indoor sparse scenario, e.g. scenario #3(sparse), scenario #2b(sparse), and in outdoor scenario, e.g. scenario #2a, with low traffic load.

In this section, the system performance of 256QAM in scenario #3 (sparse), scenario #2b(sparse) and scenario #2a with different traffic load are provided. In scenario #2a, 1 cluster per macro cell and 4 small cells per cluster are assumed. The user throughput (UPT) gains with 256QAM over baseline (R8 MCS) with and without CRS interference are shown in Figure 4   and Figure 5  respectively. 4% EVM for small cells and 8% EVM for macro cells are assumed.Other detailed simulation assumptions refer to [2]
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Figure 4: User throughput gain with CRS interference
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Figure 5: User throughput gain without CRS interference
From the evaluation results, it can be observed that for both indoor and outdoor cases, 256QAM can provide significant cell-average performance gain, especially in scenario #3 (sparse), scenario #2b(sparse). If CRS interference is removed, the gain of 256QAM will be further improved. In some cases, the performance gain even increases with the increase of resource utilization, because with higher traffic load, 256QAM could save more resources for transmission, as shown in Table 1, and then introduce less interference to neighbor cells. However, when traffic load reaches a very high level, the save of resource utilization would not be counteracted by the poor experienced post SINR, and the gain of 256QAM will decrease.
Table 1. Resource utilization in scenario #3 (sparse) (without CRS interference)
	
	RU of baseline
	RU of 256QAM
	RU difference between 256QAM and baseline

	S3 sparse RU=10%
	11.1%
	8.6%
	-2.5%

	S3 sparse RU=30%
	30.6%
	24.2%
	-6.4%

	S3 sparse RU=50%
	54.5%
	46.0%
	-8.5%


Observation 2:

· In both indoor and outdoor scenario, 256QAM can provide significant cell-average performance gain, i.e. 13%-32% gain in scenario #3 (sparse) and scenario #2b(sparse), 6%-9% gain in scenario #2a (4pico).
· If CRS interference is removed, such as in case of NCT or small cell dynamic on/off , the gain of 256QAM will be further improved.
4 Specification impact of 256QAM
Performance of 256QAM is limited by two aspects. One is inter-cell interference; the other is the RF hardware noise floor. The first aspect suggests that 256QAM should be used in a scenario where UEs experience small inter-cell interference. Such a requirement can be met by the channel conditions in small cell as discussed in Section 2. For the second aspect, new RF hardware requirements should be defined.

In general, EVM is used to assess the transmission signal quality and roughly describes the system maximum supportable SNR, which is equivalent to the maximum noise floor. As specified in section 6.5.2 in [3] the EVM of each E-UTRA carrier for different modulation schemes on PDSCH shall be better than the limits in Table 2:

Table 2. EVM requirements 

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


Proposal 1:

· EVM impact on the performance of 256QAM should be evaluated, and the EVM requirements for 256QAM should be defined.
When 256QAM is used, new CQI/MCS/TBS tables need to be introduced, and overhead of CQI/MCS should also be considered for the design of the tables, i.e. for CQI/MCS we should study both keeping the same DCI/UCI size and increasing size.
Proposal 2:

· New CQI/MCS/TBS table should be introduced for 256QAM.

5 Conclusions

In this contribution, the evaluation and standardization impact of 256QAM are given. Based on the evaluation results and analysis, the following observations and proposals are achieved:
Observations:

· In both indoor and outdoor scenarios, 256QAM can provide significant cell-average performance gain, i.e. 13%-32% gain in scenario #3 (sparse) or scenario #2b (sparse), 6%-9% gain in scenario #2a (4pico).

· If CRS interference is removed, such as in case of NCT or small cell dynamic on/off operations, the gain of 256QAM will be further improved.
Proposals:
· EVM impact on the performance of 256QAM should be evaluated, and the EVM requirements for 256QAM should be defined.

· New CQI/MCS/TBS table should be introduced for 256QAM.
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Appendix

Table 3. Link level simulation parameters assumptions
	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA
- The delay profiles refer to 36.101 Table B.2.1-2

	Transmission mode
	TM10

	MIMO configuration
	2x2 with low correlation
-       refer to 36.101 B.2.3.2

	CRS configuration
	Antenna ports 0,1

	CSI reference signals
	2-port NZP CSI-RS with 5ms period
One CSI-IM configured as ZP CSI-RS with 5ms period

	DMRS
	Port 7&8

	Rank adaptation
	Rank = 2

	PMI
	Based on UE measurement and feedback

	Link adaptation
	On

	HARQ
	On

	UE receiver
	MMSE-IRC

	Channel estimation
	Practical

	Interference estimation
	Practical

	PDP estimation
	Practical

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h

	Overhead assumption
	2 PDCCH symbols;

	
	

	
	PBCH/PSS/SSS;

	
	2-port CRS;

	
	2-port CSI-RS with 5ms period

	
	One CSI-IM configured as ZP CSI-RS with 5ms period

	
	1 or 2 DMRS ports;

	Metric
	Spectrum efficiency [bps/Hz]


Table 4: 256QAM constellation
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