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1. Introduction
At the RAN#58 meeting, the study item for small cell enhancement – physical-layer aspects [1] was agreed. It suggested improving the spectrum efficiency as follows:
· 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.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

A higher order modulation scheme is an important way to improve the spectrum efficiency in small cell enhancement. In this contribution, we present our views on the design of a higher order modulation scheme. 
2. Motivation
In small cell enhancement, the priority would be deployment of separate frequencies for the macrocell and small cells. Compared to the co-channel case, the interference from the macro cell could be mitigated significantly as shown in Figure1. 
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Figure 1 Comparison between co-channel scenario and separate frequency scenario
Based on the above, high SINR performance is expected in a separate frequency scenario. This can also be shown using the simulation results in Fig. 2. In the simulation, for a co-channel case, 2 GHz are assigned to both the macro cell and small cell. For a separate frequency scenario, 2 GHz is assigned to the macro cell and 3.5 GHz is assigned to the small cell. Other parameter details are given in Table A- I in the Annex.
Figure 3 shows the spectrum efficiency of different modulation coding schemes.  The spectrum efficiency is defined as (1-BLER)*modulation order*coding rate. We observe that, when the SINR is greater than 20 dB, a higher spectrum efficiency is achieved using 256QAM. According to the SINR geometry in Figure 2, about 20% of the UEs benefit from a higher order modulation scheme. Our current evaluation results do not assume Error Vector Magnitude (EVM) effect and the rank adaption, so we will continue to investigation further.
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Figure 2 SINR geometry 
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Figure 3 Spectral efficiency for different MCS
3. Discussion
If the higher order modulation scheme is agreed for Release 12, following issues should be thoroughly investigated. The first issue is the EVM effect which affects the valid SINR range for 256QAM. RAN1 should ask RAN4 about the minimum requirement for EVM. Not only BS TX EVM, but also UE RX EVM (receiver noise in UE) should be taken into account. Thereafter, RAN1 should evaluate the higher order modulation scheme with different EVM effect assumption. Furthermore, RAN1 should use the same EVM values over different modulation orders. The scenario with QPSK/16QAM/64QAM should use the same EVM value as that with QPSK/16QAM/64QAM/256QAM for fair comparison. 
There are some other points to be investigated for 256QAM such as the spatial multiplexing, coding rates, and signalling overhead. Performance benefit by introducing 256QAM with considering the spatial multiplexing should be considered. For the signaling overhead, if we introduce the signalling to support the higher order modulation, we should consider the impact.

Proposal 1: RAN1 should evaluate the higher order modulation scheme by parameterizing the EVM value (We should not use only one EVM value)
Proposal 2: RAN1 should use the same EVM values over different modulation orders (QPSK, 16QAM, 64QAM, 256QAM)
· A scenario with QPSK/ 16QAM/ 64QAM should use the same EVM value as that with QPSK/16QAM/64QAM/256QAM for fair comparison
Proposal 3: RAN1 should ask RAN4 regarding the EVM minimum requirement for both TX side and RX side
4. Conclusion

In this contribution, we firstly analyze the motivation for the higher order modulation. Based on our analysis, following proposals are given:

Proposal 1: RAN1 should evaluate the higher order modulation scheme by parameterizing the EVM value (We should not use only one EVM value)
Proposal 2: RAN1 should use the same EVM values over different modulation orders (QPSK, 16QAM, 64QAM, 256QAM)
· A scenario with QPSK/ 16QAM/ 64QAM should use the same EVM value as that with QPSK/16QAM/64QAM/256QAM for fair comparison
Proposal 3: RAN1 should ask RAN4 regarding the EVM minimum requirement for both TX side and RX side
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Annex

Table A-1 Simulation parameters for SINR geometry 
	Simulation parameters 
	Value 

	Deployment scenarios 
	Heterogeneous network with ITU UMa for Macro and ITU UMi for LPNs; 

	Frequency 
	Co-channel case: 2G for macro, 2G for small cells
Separate frequency case: 2G for macro, 3.5G for small cells 

	UE numbers 
	30 UEs per Macro coverage, all out door UEs 

	ISD of macro 
	500m 

	Number of sectors per macro 
	3 

	Number of small cells per sector 
	4 

	Tx Power for macro 
	40 w 

	Tx Power for small cell 
	1w 


Table A-2 Simulation parameters for spectrum efficiency 

	Simulation parameters 
	 Value 

	Channel model 
	AWGN 

	Channel coding 
	Turbo 

	Turbo decoder 
	MAXLOGMAP 

	Number of RBs 
	50 

	Number of subframes 
	50 
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