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1 Introduction
In RAN#58, it is agreed that the study for Small Cell Enhancements shall include following items [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, the SQNR impact for transmitting higher order modulation in small cell will be discussed. 
2 Discussion
The SQNR (signal to quantization noise ratio) determines the quantization error. The definition of SQNR is given:
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Low SQNR might cause serious degradations in high order modulation. Therefore, the value of SQNR should be considered. The simulation result is shown the effect with different SQNR in figure 1. We observe that there is 1 to 2 dB performance loss when SQNR is 30 dB to 40 dB. Furthermore, the performance is almost the same as ideal system when SQNR of system is higher than 45dB.
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Figure 1. The simulation result with different SQNR
Observation1: there is 1 to 2 dB performance loss when SQNR of system is 30 dB to 40 dB. The performance is almost the same as ideal system when the SQNR of system is 45 dB.
According the simulation result, the 30 dB SNR is assumption as baseline in the evaluation of improvement-to-hardware cost ratio. The relationship can be derived by the following function:

[image: image3.wmf][

]

[

]

2

2

÷

÷

ø

ö

ç

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

=

noise

E

signal

E

A

A

P

P

SNR

noise

signal

noise

signal

, where A stands for amplitude, P stands for power and E stand for Expectations.
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, suppose we sample the signal by n-bits
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Hence, each extra bit increases the SQNR by roughly 6 dB.

Assume the output FFT word length is 7 bits that achieve the SQNR 30 dB and the same input word length in the implementation of 1024-points FFT. After increasing 1 bit, the SQNR of the FFT output will achieve about 35 dB. For storing the operation temporary data, the memory size (including the ROM for storing FFT twiddle factor and the data registers) will increase about 15%. For keep the accuracy of the computing result, the hardware cost of operation unit will increase about 18%. And hardware cost of the control unit will increase about 11%. Therefore, the overall hardware cost will increase about 16%. Similarly, the overall hardware cost will increase about 33% and 54% to implement SQNR 40 dB and 45 dB systems respectively. Table 1 shows the analysis result of different SQNR.
Table1. The analysis result of different SQNR

	SQNR
	30dB
	35dB
	40dB
	45dB

	Control unit hardware cost
	--
	~11% plus
	~23% plus
	~35% plus

	Operation unit hardware cost
	--
	~18% plus
	~38% plus
	~59% plus

	Memory size 
	--
	~15% plus
	~32% plus
	~51% plus

	Ratio of hardware cost(
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	--
	~16% plus
	~33% plus
	~54% plus

	Improvement(
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)
	--
	~1dB
	~1dB
	~2dB

	Improvement-to-hardware cost ratio(
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)
	--
	~6.25
	~3.03
	~3.70


As shown in Table 1, the improvement of system with SQNR 35 dB is similar to that of the system with SQNR 40 dB. However, the improvement-to-hardware cost ratio is higher when SQNR is 35 dB.
Observation2: The improvement of system with SQNR 35 dB is similar to that of the system with SQNR 40dB. However, the improvement-to-hardware cost ratio is higher when SQNR is 35 dB.
Proposal: Considering better improvement-to-hardware cost ratio, 35 dB ~ 40 dB SQNR is suggested to be the baseline for higher order modulation (i.e., 256QAM) system.

3 Conclusion
In this contribution, we provide some performance simulation under different SQNR. We have two observations as following:
Observation1: there is 1 to 2 dB performance loss when SQNR of system is 30 dB to 40 dB. The performance is almost the same as ideal system when the SQNR of system is 45 dB.

Observation2: The improvement of system with SQNR 35 dB is similar to that of the system with SQNR 40 dB. However, the improvement-to-hardware cost ratio is higher when SQNR is 35 dB.
Base on these observations, we have one proposal as following:
Proposal: Considering better improvement-to-hardware cost ratio, 35 dB ~ 40 dB SQNR is suggested to be the baseline for higher order modulation (i.e., 256 QAM) system.
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