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Comparison of Base Station Complexity between NB-CIoT and NB-LTE
1 Introduction
At GERAN#62, a study item named “Cellular IoT” (CIoT) was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. NB-CIoT was proposed as one of the candidate solutions (see sub-clause 7.3 [2]). NB-LTE has also been proposed as a very late solution (see [3]).
It is envisaged in Annex A of [2] that
“It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on:

· 3GPP GSM/EDGE multicarrier Base Stations.
· Multi Standard Radio Base Station, which may or may not support GSM/EDGE operation specifications.”
The base station complexity analysis has been provided in [4] for NB-CIoT, MCBTS and MSR base stations. This document provides some analysis for NB-LTE and compares it against NB-CIoT.
2 Discussions
2.1 Transmitter side
2.1.1 Computational complexity
For NB-LTE downlink, the same numerology as LTE is used, i.e. 15 kHz sub-carrier spacing and 12 sub-carriers within a PRB. For a single OFDM symbol with 128-point IFFT, 4*(128/2)*log2(128) = 1792 multiplications and 3*128*log2(128) = 2688 additions are required. This results in a total of 14*1000*(1792+2688) = 62 million operations per second.
If the NB-LTE is not deployed in-band, the transmitter may employ a digital filter to manage emissions outside the 200 kHz channel bandwidth. A 16 tap real-symmetric digital filter is assumed to be employed. This filter would require 8 multiplications and 15 additions per I and Q sample, or 46 operations per output IQ pair. At the output sample rate of 1.92 MHz this represents 1.92*46=88.32 million operations per second. The total for both processes represents 62+88.32=150.32 million operations per second.
2.1.2 Memory requirements
It is stated in section 2 of [7] that “The same LTE coding, modulation, and rate-matching scheme can be adopted to configure M-PDSCH and M-PUSCH.” Thus the maximum code block size is 6144 as specified in sub-clause 5.1.2 of [5], and the required memory for circular buffer is 3*6144=18.4 kilo bits for one UE. As there may be one UE on each sub-carrier, then the required memory is 18.4*72 = 1324.8 kilo bits.
2.2 Receiver side
2.2.1 Matching filter
For NB-LTE uplink, 2.5 kHz sub-carrier spacing and 72 sub-carriers in 180 kHz are used. Due different numerology with legacy LTE, a digital filter managing adjacent channel interference is needed. Assuming the same sampling rate of 1.4 Mhz LTE as 1.92MHz, and 17-tap band-pass filter, the computational complexity is 1.92*1000000*17*2 multiplications and 1.92*1000000*16*2 additions, which results in 126.7 million operations per second.
A 128-point FFT requires 4*(128/2)*log2(128) = 1792 multiplications and 3*128*log2(128) = 2688 additions. Therefore, the overall complexity is (1792+2688)*14*1000/6 = 10.5 million operations per second.
Therefore, the matching filter for NB-LTE needs 137.2 million operations per second totally.

2.2.2 PRACH sequence detection

As defined in [9], there are 64 preambles maximally. Then at each PRACH slot, 64 detection attempts are required. The required computational complexity for a PRACH detection attempt is 491 complex multiplications and 490 complex additions, resulting in 491*6+490*2 = 3928 operations. In addition, due to 233.3us maximum round trip delay, the potential delay in terms of samples is 233.3us*160kHz*2 = 75 samples considering 2 times up-sampling. Therefore, the required computational complexity for PRACH sequence detection is 3928*75*3*1000/12 = 73.7 million operations per second.
2.2.3 ToA estimation based on random access request
The ToA estimation is based on processing of PRACH. As assumed in [8], the maximum round trip delay is 233.3us. With 16 times oversampling to 160 kHz [8], the potential delay in terms of samples is 233.3us * 160kHz *16 = 597 samples. At each sample, 512-point FFT and 491-point complex correlation are needed. For 512-point FFT, 4*(512/2)*log2(512) = 9216 multiplications and 3*512*log2(512) = 13824 additions are required. For 491-point complex correlation, 491*4=1964 multiplications and 491*2+490*2=1962 additions are required. Thus for ToA estimation of one UE, 597*(9216+13824+1964+1962) = 16.1 million operations are required. Considering traffic model of CIoT, 10.2 attempts per second is assumed, thus the required computational complexity of ToA estimation for NB-LTE is 16.1*10.2 = 164.2 million operations per second.
Considering 12 ms PRACH and 160*16=2560kHz sampling rate, the memory requirement for one PRACH  is 2560*12*16*2 = 983 kilo bit, considering 16 bits for each I or Q data. Then for 18 repetitions of PRACH format 2 [9], the memory requirement is 983*18 = 17694 kilo bytes.
2.2.4 Frequency offset tracking and compensation
For NB-LTE, frequency offset tracking is based on both phase differentiation and searching. For a 6-ms M-subframe, 72 complex multiplications and 71 complex additions are required for phase differentiation, and 72*2 complex multiplications and 72*2-1 complex additions and 1 sum of squares are required for one search. In total (72*6+71*2+(72*2*6+(72*2-1)*2+3)*11)*1000/6 = 2.2 million operations per second are required for the frequency offset tracking. For frequency compensation, 72*12*6*1000/6=0.86 million operations per second are required. Therefore, a total of 3.16 million operations per second are required.
2.2.5 Channel estimation and equalization
For NB-LTE, channel estimation should be performed on two DMRS firstly, which requires 72*2*6 = 864 operations. Then, we assume a simple interpolation in time-domain only to obtain channel status information on data REs, which requires 72*12*(2*2+1*2) = 5184 operations. For equalization, it can be easily calculated that 72*12*6 = 5184 operations per TTI are required. Totally, it results (864+5184+5184)*1000/6 = 1.8 million operations per seconds.
2.2.6 Decoding
For simplicity, the complexity due to PRACH decoding is ignored.

Assuming QPSK with 2/3 coding rate, the bit rate is log2(4)*2/3*12*72*1000/6=192 kilo bits per second. Considering 8 iterations for turbo decoding, the required operations are 192000*167*16*4/5= 410 million operations per second.
As described in section 2.1.2, the maximal code block size is 6144 bits. Therefore, the required memory is 6144*(2^3*2+1)*16*72 =35389 kilo bits for 72 data channels in maximum.
2.3 Comparison of overall complexity and memory requirement

The overall computational complexity and memory requirement are summarized compared between NB-CIoT and NB-LTE in Table 1 (see [4] for the detail analysis for NB-CIoT).
Table 1 summary of computational complexity and memory requirement
	
	NB-LTE
	NB-CIoT

	Computational complexity (Mop/s)
	1320
	262.7

	Memory requirement (kilo bits)
	54407.8
	6978.8


It can be seen that the computational complexity and memory requirement of NB-LTE are 5x and 7.8x of that of NB-CIoT, respectively.
2.4 Impacts to the radio units
As shown in [6], the PAPR of NB-CIoT has no impact on legacy MCBTS, while the PAPR of NB-LTE breaks the limit of the dynamic range of the digital circuits on legacy MCBTS and potentially drives the PA to nonlinear region, causing excessive emissions. As a consequence, NB-LTE may not be deployable on legacy MCBTS.

Since the PAPR tolerance of an MSR base station is expected to be not lower than that of MCBTS, no problem is foreseen for the support of NB-CIoT by existing MSR radio units. Support of NB-LTE by existing MSR radio units is for further study.
3 Conclusions
In this document, comparison is provided on the impacts to legacy base stations between NB-CIoT and NB-LTE. It can be concluded that

· The computational complexity of NB-LTE is 5x of that of NB-CIoT.
· The memory requirement of NB-LTE is 7.8x of that of NB-CIoT.
· No problem is foreseen for the support of NB-CIoT by existing MCBTS and MSR radio units.
· NB-LTE may not be deployable on legacy MCBTS. Support of NB-LTE by existing MSR radio units is for further study.
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