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Introduction

At the previous meeting (RAN1#67), [1] [2] propose the evaluation methodology of RF cost in low-cost MTC UE. Considering the reduction of RF cost, it can be achieved by degrading the quality requirements of local oscillator (LO), or power amplifier (PA), etc. In [3] reduction of maximum bandwidth provides significant cost savings. The impact of frequency stability concerning LO quality is strongly interrelated with bandwidth reduction for a low-cost MTC UE. In order to achieve the bandwidth reduction in low-cost MTC UE, the quality requirements of local oscillator should be defined. In this contribution, we proposed a quantitative analysis to evaluate the relationship between the bandwidth and LO quality.
Quantitative analysis to evaluate the relationship between the bandwidth and LO quality
The RF cost significantly depends on the implementation. On the receiver side it down converts an RF signal into a baseband signal, and on the transmitter side it up converts the baseband signal to an RF signal before transmission. ADC and DAC are placed between the analogue RF and baseband units. The basic building blocks of a typical radio RF module of any mobile device (using digital baseband) is shown in the Fig. 1.
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Fig. 1. The blocks of LTE modem
The scalable sampling rate of ADC and DAC are used for low-cost MTC UE to support the bandwidth reduction [1][2]. The scalable sampling rate of ADC and DAC are provided by LO and “Clock & timing management” (CTM) [4]. In general, the sampling clock is typically generated by LO and CTM. Therefore, the scalable sampling clock rate highly depends on the quality of LO. If the LO quality is poor, the CTM will suffer seriously noise such as supply, temperature variations and data phase noise, called sampling clock jitter. However, the noise power level due to sampling clock jitter is the major effect factor and it defines the SNR of the system for high-level input signals. As a result, the quality of LO is an important factor in obtaining the frequency stability. Better quality of LO implies higher frequency stability but the cost is higher, as shown in Table 1. In order to achieve the bandwidth reduction in low-cost MTC UE, the quality requirements of local oscillator should be defined.
Table 1: Summarization of LO quality
	LO Quality
	Frequency Stability
	Price (US dollars)

	High
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	about 198~367

	Middle
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	about 10~61

	Low
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	about 2.45~6.56


Proposal 1: In order to achieve the bandwidth reduction in low-cost MTC UE, the quality requirements of local oscillator should be defined.
The LO mismatch causes carrier frequency/phase error and clock frequency/clock error. In actually, the oscillator cannot always achieve a stable frequency/phase and suffers from time-varying phase noise, called frequency stability. Even if the initial sampling point is optimized, the following sampling points will still slowly shift with time due to sampling frequency/phase error. This model is using compress sinc waveform to cause the sampling clock jitter, and its effect can be written as [5]:
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where 
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 represents the ADC original output signal, 
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 signal by convoluting the ADC original output signal and shifted sinc waveform. The effect of system will degrade performance, and it will cause inter-symbol interference and inter-carrier interference. Table 2 is the EVM of QPSK and 64QAM [6][7]. The higher the EVM means the worse performance. Table 3 shows the quantitative analysis to evaluate the relationship between the bandwidth and LO quality. As the result, the effect of frequency stability concerning LO quality is more sensitive in higher bandwidth. In other words, the reducing LO quality in the RF module with degraded performance may bring design challenges and cost increase to the baseband processing, and vice versa. 
Table 2 
	Modulation
	EVM (%)

	QPSK
	17.5%

	64 QAM
	8%


Table 3 the quantitative analysis to evaluate the relationship between bandwidth and LO quality
	
	1.4MHz

(SNR=8)
	3MHz

(SNR=8)
	5MHz

(SNR=8)
	10MHz

(SNR=8)
	15MHz

(SNR=8)
	20MHz

(SNR=8)
	Frequency Stability 
(ppm)

	QPSK
	6.9444
	15.2466
	14.9349
	14.3165
	16.3341
	14.5823
	0

	
	6.9444
	15.8178
	15.8192
	16.9124
	20.9534
	22.5075
	10

	
	9.3501
	18.5997
	27.9586
	52.4491
	70.1559
	82.1180
	50

	
	11.8896
	29.7669
	51.8854
	81.9165
	104.5473
	115.6388
	100


	
	1.4MHz

(SNR=22)
	3MHz

(SNR=22)
	5MHz

(SNR=22)
	10MHz

(SNR=22)
	15MHz

(SNR=22)
	20MHz

(SNR=22)
	Frequency Stability 
(ppm)

	64QAM
	3.7486
	4.7698
	4.3558
	3.7169
	4.2576
	3.9654
	0

	
	4.2630
	8.2396
	6.8633
	11.0656
	15.0389
	18.7318
	10

	
	7.3241
	14.4102
	22.8546
	42.5468
	61.3649
	76.3725
	50

	
	13.1501
	25.6575
	42.2355
	76.3893
	99.8183
	112.1480
	100


	LO Quality
	Frequency Stability
	Suitable BW

	High
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	10 MHz ~ 20 MHz

	Middle
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	3 MHz ~ 5 MHz

	Low
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	1.4 MHz


Proposal 2: Include the analysis for bandwidth reduction and LO quality in TR 36.888. 
Proposal 3: The 1.4 MHz bandwidth is the baseline for maximum bandwidth of low-cost MTC UE due to frequency stability.
Conclusions

As the simulation result, the effect of frequency stability concerning local oscillator quality is more sensitive in higher bandwidth. The reducing LO quality in the RF module with degraded performance may bring design challenges and cost increase to the baseband processing, and vice versa.
In this contribution, we propose as follows: 
Proposal 1: In order to achieve the bandwidth reduction in low-cost MTC UE, the quality requirements of local oscillator should be defined.
Proposal 2: Include the analysis for bandwidth reduction and LO quality in TR 36.888. 
Proposal 3: The 1.4 MHz bandwidth is the baseline for maximum bandwidth of low-cost MTC UE due to frequency stability.
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