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NB M2M - Impacts to Legacy Base Stations
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 M2M was proposed as one of the candidate solutions (see sub-clause 7.1 of the CIoT TR [2]).
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.”
This document provides some analysis on the impacts of NB M2M to MCBTS and MSR base stations.
2 Discussions
2.1 Transmitter side
The downlink transmission chains of NB M2M can be found in sub-clause 7.1.2.1.2.1 of [2]. Most transmission processing is very similar to or simpler than legacy base stations. The biggest challenge of computational complexity to the NB M2M transmitter is the narrow-band pulse shaping filter, which was specifically designed for NB M2M and contributes most transmitter complexity.
2.1.1 Computational complexity
In the case of 200 kHz system bandwidth, there are 12 downlink sub-carriers, each operating at a symbol rate of 12 kHz. The signal for each sub-carrier is first separately pulse shaped with 4 times over-sampling rate, and then passed through an FIR filter with 5 times over-sampling rate. Assuming a 36-tap pulse shaping filter and an 8-tap FIR filter for each sub-carrier, for each 10 ms burst, the multiplications needed are estimated at 120*36*2 + 480*8*2 = 16320 and the additions needed are estimated at 120*2*4*8 + 480*5*2 = 12480. This results in a total of (16320 +12480)*12*(1000/10) = 34.6 million operations per second.
In comparison, in LTE an OFDM symbol generated by 1024-point IFFT requires 4*(1024/2)*log2(1024) = 20480 multiplications plus 3*1024*log2(1024) = 30720 additions. This results in a total of 14*1000*51200 = 716.8 million operations per second.
For a burst with normal symbol rate in MCBTS, totally 16328 operations are required. And thus the computational complexity for a carrier with normal symbol rate in MCBTS is 16328/(577*1e-6) = 28 million operations per second. And for higher symbol rate, totally 19448 operations are required. And thus the computational complexity is 19448/(577*10^-6) = 33 million operations per second for a single carrier.
In summary the computational complexity of NB M2M DL transmitter is estimated at only 4.8% of legacy MSR base station supporting LTE. (Note that the NB M2M filters assumed in this analysis are considered conservative by the sourcing companies.) And for 4-carrier MCBTS, the computational complexity of pulse shaping is increased by just 1.2%.
2.1.2 Memory requirements
The most aggressive MCS in terms of memory requirements is MCS-8 (MCS-9 requires less memory due to puncturing and the smaller supported CBS). For each data channel, the maximum CBS of 6144 bits and rate 1/2 convolutional coding generate 12.29×103 coded bits. This results in a total of 122.9 kilo bits for 10 data channels in maximum.
For LTE with 10 MHz system bandwidth, assuming 4-layer spatial multiplexing and the largest TBS (Transport Block Size) of 26, the decoded bits have a length of 2*75376=150.752 kilo bits, which are translated into 454.3 kilo bits after TB CRC insertion, CB segmentation, CB CRC insertion and rate 1/3 Turbo coding. Hence the required memory for NB M2M occupies only a small portion of that for LTE.
For MC BTS, considering DBS-12 for downlink [5], the required memory is 2.5*8 = 20 kb for a single carrier.
2.2 Receiver side
The functionalities at the receiver side that contribute most in terms of complexity include matching filter, ToA estimation for RACH, CFO estimation and compensation, channel estimation and equalization, and decoding. For all these functionalities except decoding, the complexity of both NB M2M and legacy base stations is doubled if two receiving antennas are assumed.
2.2.1 Matching filter
In the uplink of NB M2M, there are 36 sub-channels, each of which is filtered at the receiver to obtain the target base-band signal. Suppose the three-stage filtering with sub-sampling is used, for a 40 ms burst with a sampling rate of 240 kHz, it can be estimated that 117900 multiplications and 111600 additions are required. Therefore, for all 36 sub-channels, it results in (117900 + 111600)*36/0.04 = 206.55 million operations per second. By reusing the filtering results of other sub-channels when filtering a given sub-channel, the computational complexity of matching filter could be reduced to 40.59 million operations per second.
For LTE with 10 MHz bandwidth, a 1024-point FFT requires 716.8 million operations per second. Assuming 10 active UEs in the uplink, each being allocated 5 RBs, 10 64-point IFFTs result in 268 million operations per second. The overall complexity is 984.8 million operations per second.
For a burst in MCBTS, 182436 operations per second are required. And thus the computational complexity for a carrier in MCBTS is 182436/(577*10^-6) = 316 million operations per second.
2.2.2 ToA estimation based on random access request
ToA is estimated by the base station receiver to correct the timing of the uplink bursts prior to symbol demodulation. The initial ToA estimation for a given MS is performed by the base station using the pilot symbols contained in the uplink burst corresponding to the random access request from the device. The decoding result of the random access request could be fed back to improve the ToA estimation accuracy. The time searching algorithm is performed based on a 40ms segment, requiring 31779 operations. The decoding of the random access request burst which can be used to improve the accuracy of ToA estimation requires 94677 additional operations for each segment. Taking the traffic models for MAR periodic reports and network commands into account, a total of about 1.29 million operations per second are required for the ToA estimation. 
For a burst in MCBTS, 7827 operations per second are required for uplink synchronization. And thus the computational complexity for a carrier in MCBTS is 7827 /(577*1e-6) = 13.6 million operations per second.
2.2.3 Frequency offset tracking and compensation
In order to resist the negative impact of frequency offset and frequency drifting, the base station can track and compensate the frequency error for uplink transmissions. An ML algorithm for 40ms segment is typically performed to estimate the frequency offset, which requires 2651 operations per segment per sub-channel. For frequency offset compensation, 150*6 = 900 operations every 40ms per sub-channel are required. Therefore, a total of (2651+900) * 36 * 1000/40 = 3.2 million operations per second are required.
For LTE, frequency offset tracking is based on both phase differentiation and searching. For a 1ms subframe, excluding 8 subcarriers of PUCCH, 504 complex multiplications and 503 complex additions are required for phase differentiation, and 504*2 complex multiplications and 504*2-1 complex additions and 1 sum of squares are required for one search. In total 92.7 million operations per second are required for the frequency offset tracking. For frequency compensation, 50.4 million operations per second are required. Therefore, a total of 143.1 million operations per second are required.
For a burst in MCBTS, 2592 operations per second are required for AFC. And thus the computational complexity for a carrier in MCBTS is 2592 /(577*1e-6) = 4.5 million operations per second.
2.2.4 Channel estimation and equalization
In the uplink of NB-M2M, pilot symbols based channel estimation and coherent detection is used. A total of 5180 operations are required for each 40ms burst, resulting in 5180*36*1000/40 = 4.66 million operations per second.
For LTE, uplink channel estimation based on the 2 DMRS sequences in a subframe requires 7200 operations. Then, a simple interpolation in time-domain to obtain channel status information on data REs requires 43200 operations, and the equalization for a 1ms subframe requires 43200 operations. Totally (7200+43200+43200)/0.001 = 93.6 million operations per seconds are required.
For a burst in MCBTS, 271225 operations per second are required for channel estimation and equalization. And thus the computational complexity for a carrier in MCBTS is 271225 /(577*1e-6) = 470 million operations per second.
2.2.5 Decoding
Assuming MCS-11 and 8 iterations, the computational complexity of the Turbo decoding is 885.6 million operations per second. The required memory in the extreme case (i.e. for UL MCS index 7 and CBS index 37) is 6080*(2^3*2+1)*2*36 = 7.4 mega bytes.
For LTE, assuming 64QAM with rate 3/4 coding, in a 10ms frame, the number of processed data bits is (600-8*12)*log2(64)*(7*20)*3/4 = 317520, which is 317520/(600*36/8) = 117.6 times of that of NB M2M. The maximum code block size in LTE is 6144 (see sub-clause 5.1.4 of [4]), thus the required memory is 6144*(2^3*2+1)*2*42 = 8.8 mega bytes, excluding 8 PUCCH RBs.
For MCBTS, a convolutional code with 7 registers is used for uplink [6]. Considering UBS-12 (2464 block length, 246.4kbit/s [5]), the computational complexity is 2464*2^7*(2+1)/(2464/246400) = 94.6 million operations per second for one carrier. And if 8 sub-channels for a carrier are all activated, the required memory is 2464*2^7 * 2*8 = 5.05 mega bytes.
2.3 Impacts to the radio units
As shown in our companion contribution [3], the downlink PAPR when one out of a number of GSM carriers is re-farmed to NB M2M has negligible impact on existing PAs for 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 M2M by existing MSR radio units.
3 Conclusions
In this document, the impacts of NB M2M to legacy base stations are analyzed. It can be seen that 
· The required computational complexity for NB M2M is trivial comparing with the support for LTE, and the required memory is less than that for LTE. 
· Comparing with one carrier in MCBTS, less computational complexity and 1.5 times more memory are required by NB M2M system.
· The MCBTS and MSR radio units can be fully reused.
4 References

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, VODAFONE Group Plc., GERAN#62.
[2] 3GPP TR 45.820 v1.3.1, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”.
[3] GPC150366, “NB M2M - Downlink PAPR (update of GP-150479)”, Huawei Technologies Co., Ltd. , HiSilicon Technologies Co., Ltd., 3GPP TSG GERAN1 Adhoc#3 on FS_IoT_LC.
[4] 3GPP TS 36.212 V12.4.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding”.
[5] 3GPP TS 45.001, “Technical Specification Group GSM/EDGE Radio Access Network;Physical layer on the radio path;General description”.
[6] 3GPP TS 45.003, “Technical Specification Group GSM/EDGE Radio Access Network; Channel coding”.
4

