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1 Introduction
TR 45.820 [1] contains description of the NB-OFDMA and NB-M2M concepts for GERAN Cellular IoT. At GERAN #66, a converged solution, which uses components of NB-OFDMA and NB-M2M, was proposed (see [2]). This paper provides some analysis on the impact of the converged solution legacy base stations.
2 Discussion
2.1  Transmitter

The downlink transmission chains of converged solution can be found in sub-clause 2.4 of [3]. Most transmission processing is very similar to or simpler than legacy base stations. The biggest difference is the OFDM modulation and an associated channel filter for managing out-of-band emissions. These process represent a significant amount of the required processing complexity.

2.1.1 Complexity

The forward link modulation is accomplished by through an inverse FFT process on a block of modulated frequency domain symbols. The output of this process is extended with a cyclic prefix by inserting the last 6 samples of the block at the beginning, thus creating a time domain transmission block of 70 samples. The natural rate for the sample transmission is 240 kHz, thus each block of 70 samples represents 291.6 usec. The computational complexity of the FFT is well established, with the split radix algorithm [4] of Yavne requiring 1160 operations for a 64 point FFT. Computing this FFT continuously at the block output rate requires a total of 3.02 million operations per second. In addition to the FFT, the transmitter may employ a digital filter to manage emissions outside the 200 kHz channel bandwidth. The design of this filter would be an implementation decision balancing complexity against analog filtering in the signal chain, however, for an example a 16 tap real-symmetric digital filter is assumed to be employed. This filter would require 8 multiplies and 15 adds per I and Q sample, or 46 operations per output IQ pair. At the output sample rate of 240 kHz this represents 11.04 million operations per second.  The total for both processes represents 14.06 million operations per second.

As comparison, complexity for the equivalent function in LTE was analyzed in [5].

2.2 Receiver

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.

The impact on legacy base stations was analyzed and presented in [5] for the NB M2M design.  For the converged system the receiver processing remains the same for the base station and the previous analysis stands.

2.3 PAPR Impact

In our simulations, there are a total of 4 channels: 3 GSM channels and 1 NB-CIoT channel. The channel spacing is 400 kHz, and the 4 carrier frequencies are -600 kHz (channel 1), -200 kHz (channel 2), 200 kHz (channel 3) and 600 kHz (channel 4) respectively. The base sampling rate for the GSM and the NB-CIoT carrier is 270 kHz and 240 kHz respectively. The NB-CIoT carrier has a frequency reuse of 1/3. For NB-CIoT, there are 4 subcarriers for BPSK, 8 subcarriers for QPSK, and 4 subcarriers for 16 QAM. The transmit power for each GSM carrier is assumed to be 43 dBm, and the transmit power for each NB-CIoT carrier is assumed to be 38.3 dBm. In our simulations, the PAPR is defined as the ratio of the maximal power of a symbol duration over the average power. The PAPR distributions for NB-CIoT only and 3 GSM + 1 NB-CIoT are shown in Figure 1 respectively, where for the second case we also vary the relative location of the NB-CIoT within the 4 channels.
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Figure 1 CCDF of downlink PAPR

From the simulation results in Figure 1, we can see that when all the 4 channels are GSM carriers, the PAPR value is exactly 6 dB at a probability of 10-4. If one of the GSM carriers (channel 2, 3 or 4 in Figure 1) is replaced by the NB-CIoT carrier, the PAPR values increase to around 7.2 dB at 10-4. In this case, the increase in PAPR due to the NB-CIoT carrier is less than 1.5 dB. On the other hand, at 10-4 the PAPR for NB-CIoT only is around 9.8 dB. This is slightly higher than 9.5 dB but note that the gap is very small.
To reduce the PAPR of the NB-CIoT carrier, we did a simple clipping on the NB-CIoT signal: whenever the magnitude of the signal is larger than the threshold, we rescale the magnitude to the threshold. In Figure 2, we show simulation results after doing such a simple clipping with PAPR threshold 6 dB, 7 dB and 8 dB, and in Table 1 we show the EVMs of the clipped NB-CIoT signals.
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Figure 2 CCDF of downlink PAPR for NB-CIoT signal

Table 1 EVM of the clipped NB-CIoT signal

	
	6 dB
	7 dB
	8 dB

	Probability of clipping
	2.4%
	0.85%
	0.23%

	EVM (based on clipped symbols)
	9.4%
	7.6%
	5.7%

	EVM (based on all symbols)
	0.22%
	0.064%
	0.013%


From Figure 2, we can see that a simple clipping can successfully reduce the PAPR of the NB-CIoT signal. For example, with a clipping threshold at PAPR 6 dB, the PAPR of the clipped NB-CIoT signal can be reduced to around 6.1 dB. The PAPR of the clipped NB-CIoT signal is 7 dB and 8 dB with a clipping threshold at PAPR 7 dB and 8 dB, respectively. On the other hand, from Table 1 we can see that such clipping only happens at a very small rate, e.g. 2.4% with a clipping threshold 6 dB, 0.85% with a clipping threshold 7 dB, and as low as 0.23% with a clipping threshold 8 dB. Moreover, the EVMs of the clipped NB-CIoT are also very small. For example, if the EVM is based only on the clipped symbols, the EVM of the clipped NB-CIoT is 9.4% with a clipping threshold 6 dB, and the EVM drops to 0.22% if it is based on all symbols. As a comparison, the EVM of 16 QAM is required to be 12.5% in LTE. Hence based on Figure 2 and Table 1, we can see that with a simple clipping, the PAPR of the NB-CIoT signal can be efficiently reduced and it only introduces a very small EVM for the clipped NB-CIoT signal.
In Figure 3, we show the combined PAPR for the 3 GSM + 1 NB-CIoT case, after the NB-CIoT signal is clipped as shown in Figure 2 and Table 1. As showed in Figure 1, the relative location of the NB-CIoT channel has minimal impact on the PAPR, so in Figure 3 we only show the scenario where the NB-CIoT is on channel 4.
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Figure 3 CCDF of downlink PAPR for 3 GSM + 1 NB-CIoT
From Figure 3, we can see that the combined PAPR for 3 GSM + 1 NB-CIoT is successfully reduced after the NB-CIoT is clipped. For example, at 10-4 the combined PAPR is around 6.9 dB with a clipping threshold 6 dB, and 7.1 dB with a clipping threshold 7 dB. In Figure 4, we show the combined PAPR for 2 GSM + 1 NB-CIoT, where the NB-CIoT channel is channel 3. From Figure 4, we can see that at 10-4 the combined PAPR is around 6.3 dB with a clipping threshold 6 dB. Hence in both Figure 3 and Figure 4, the PAPR increase due to NB-CIoT is within 1 dB with a clipping threshold 6 dB. 

[image: image4.emf]0 1 2 3 4 5 6 7 8

10

-4

10

-3

10

-2

10

-1

10

0

CCDF

PAPR (dB)

2 GSM + 1 CIoT (as channel 3): clip the CIoT signal

 

 

no clipping

clip threshold 6dB

clip threshold 7dB

clip threshold 8dB


Figure 4 CCDF of downlink PAPR for 2 GSM + 1 NB-CIoT
3 Summary
In this document, the impacts of the converged NB-CIoT to legacy base stations are analyzed. It can be seen that 
· The required computational complexity for NB-CIoT is trivial comparing to the support for LTE, and the required memory is only a small portion of that for LTE. 
· Comparing with one carrier in MCBTS, less computational complexity and less memory are required by NB-CIoT system.
· The MCBTS and MSR radio units can be fully reused.
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