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The sampling rate used in the device receiver is an important parameter for efficient implementation. Baseband processing is typically executed by DSP Core with common computationally intensive functions implemented in hardware.  A lower sampling rate reduces the maximum computational load allowing the use of a smaller DSP core or hardware accelerator resulting in lower cost and more efficient power consumption. This contribution aims to discuss some aspects of lower sampling rate in device receiver for NB-LTE. 

1. Discussion

2.1   Sampling rate at eNB transmitter
The DL sampling rate at eNB transmitter for NB-LTE is 1.92 MHz [1]. DL numerology with Fs=1.92 MHz allows to have
(i) Integer numbers of samples for symbol and Cyclic Prefix; 
(ii) Symbol and CP boundary alignment between NB-LTE and Release-8 LTE for inband deployment. 

Note that 1.92 MHz is an integer divisor of 30.72 Mhz (value of divisor is 16). DL numerologies for Release 8 LTE and NB LTE are shown in Table 1 below.

	
	Sampling Rate [kHz]
	CP (l=0)
	CP(l=1,..,6)
	Tsymb  

	Rel-8 LTE
	30.72 MHz
	5.2us / 160.Ts
	4.7us / 144.Ts
	66.67us / 2048.Ts

	NB-LTE
	1.92 MHz
	5.2us / 10.Ts
	4.7us / 9.Ts
	66.67us/128.Ts



It is not possible to find a lower sampling rate that is a divisor of 1.92 MHz while respecting (i) and (ii) aims for DL NB LTE numerology. 

For example, a sampling rate of 480 kHz allows an integer number of samples for symbol and CP. However, it does not allow to maintain the symbol and CP boundary alignment between Release-8 LTE and NB LTE DL transmissions in inband deployment. Different values of CP lengths will be needed to avoid fractional number of samples per CP (i.e. 10.Ts and 9.Ts for l=0 and l=1,..,6 respectively @ 1.92 MHz sampling rate are not divisible by 4). One drawback of symbol and CP misalignment is that it may not be possible to re-use Release-8 CRS for NB LTE channel estimation if the misalignment is more than a fraction of CP due to expected performance loss.  
In other examples, sampling rates of 240 kHz or 320 kHz do not allow an integer number of samples for the symbol. 

Observation 1: It is not possible to avoid symbol misalignment or non-integer number of samples for CP length with DL sampling rate lower than 1.92 MHz at eNB transmitter.   

2.2 Sampling rate at device receiver.
Figure 1 shows a simplified block diagram of the device receiver. After RF processing and A/D conversion, M-PSS processing is carried in the time domain; M-SSS, CRS, L1 control signaling, and data processing is done in the frequency domain. The sampling rate for the A/D, time-domain processing and frequency domain processing can be set independently in order to optimize cost and power consumption through digital re-sampling and will be different to that of the eNB transmitter.
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Figure 1. Simplified device receiver
The A/D sampling rate at the device receiver doesn’t need to be the same as the sampling rate at the eNB receiver.  The A/D sampling rate requirements are mostly driven by the bandwidth occupied by the transmitted signal (equal to 180kHz) and can to a lesser extend vary with the deployment scenario.  For example, an A/D sampling rate of 240 kHz was assumed for the M-PSS complexity analysis presented in [2].
Observation 2: The A/D sampling rate is determined by the 180kHz occupied signal bandwidth and can be significantly lower than the 1.92MHz sampling rate of the eNB transmitter.
A time domain detector can be used to determine a correlation peak from the stored reference M-PSS signal. A lower accuracy (width in the time-domain of the peak) may result as the sampling duration is larger by a factor of 8 compare to using an A/D sampling rate of 1.92 MHz.  However, this can be compensated by fine synchronization with SSS and CRS.
Observation 3: The sampling rate at the device receiver for the cell search depends on the accuracy of the time-domain autocorrelation of the M-PSS sequence.
At sampling rate of 240 kHz, the CP length expressed in samples is a fractional number whose value is around 1 sample – i.e.  (10/8).Ts samples for symbol position l=0 and (9/8).Ts for l=1,..,6. To avoid missing the CP due to its small number of samples, upsampling by a factor 2 or higher can be used. This ensures that the CP can be effectively removed in the frequency domain for further processing of SSS, CRS, or data. A small time drift may be experienced due to the fractional CP. As this time drift is introduced by the sampling at lower A/D sampling rate of 240 kHz, it is perfectly know. Hence, it can be perfectly corrected.
An efficient FFT implementation of PSS detector could be used. A circular correlation in time domain can be approximated by a multiplication in the frequency domain. A block of N samples is processed in frequency domain to determine the correlation peak via a single FFT and iFFT operation to avoid N time domain correlator operations per block. 
A larger A/D sampling rate can be considered to optimize implementation. As the signal bandwidth is 180 kHz, it should be sufficient to have sampling rate in range [240 kHz, 320 kHz] by Nyquist sampling theorem.  For comparison, Release 8 LTE PSS/SSS signal bandwidth is 960 kHz and the sampling rate for the processing is 1.92MHz. 
Observation 4. The sampling rate for the device receiver can be substantially lower than 1.92MHz. It will be dependent on the detailed device implementation but is expected to be in the range [240kHz – 320kHz]
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[bookmark: OLE_LINK219][bookmark: OLE_LINK218]This contribution addressed some aspects of lower sampling rate in device receiver for NB LTE. A number of observations are made. The A/D sampling rate depends on transmitted signal bandwidth. The time domain processing sampling rate depends on the width of the M-PSS auto-correlation function. The frequency domain processing  sampling rate depends on the accuracy of the timing synchronization loop.
Observation 1: It is not possible to avoid symbol misalignment or non-integer number of samples for CP length with DL sampling rate lower than 1.92 MHz at eNB transmitter.
Observation 2: The A/D sampling rate is determined by the 180kHz occupied signal bandwidth and can be significantly lower than the 1.92MHz sampling rate of the eNB transmitter.
Observation 3: The sampling rate at the device receiver for the cell search depends on the accuracy of the time-domain autocorrelation of the M-PSS sequence.
Observation 4. The sampling rate for the device receiver can be substantially lower than 1.92MHz. It will be dependent on the detailed device implementation but is expected to be in the range [240kHz – 320kHz].
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