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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named “NarrowBand IOT (NB-IOT)” was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. 
NB-IOT should support 3 different modes of operation:
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
[bookmark: _Ref426290311]The design of NB-IoT uplink currently includes two options: SC-FDMA, and FDMA with GMSK modulation. In this contribution, we analyze the impact of the in-band operation mode for both the uplink designs on an LTE system. The simulation assumptions are based on [2], and the next section follows the cases described therein.
Discussion
In this section we provide link-level simulation results that measure the impact of NB-IOT uplink transmission on the uplink transmission from a LTE UE. We analyze both uplink design options, i.e. SC-FDMA with 2.5 kHz subcarrier spacing, and GMSK with 5 kHz channel spacing. For the uplink based on SC-FDMA, we assume that half of the NB-IOT system bandwidth (i.e. 36 subcarriers) is occupied. On the other hand for uplink based on GMSK, we assume a single NB-IOT channel is occupied (5 MHz) without any channel bonding. In both the cases, the location of the NB-IOT transmission is adjacent to the LTE transmission in frequency (i.e., no guard interval is employed). In 2.1, we evaluate the impact of NB-IOT transmission on LTE for a typical NB-IOT SNR of 5 dB. In 2.2 we use an increased NB-IOT SNR of 15 dB to examine the impact in such an extreme scenario. The leakage from NB-IOT uplink can be reduced by employing a suitable transmit filter, which is evaluated in 2.3 for the SC-FDMA design. Finally in 2.4, we investigate the effect of using a wider subcarrier spacing (15 kHz) for the SC-FDMA design.
[bookmark: _Ref434588368]In-band operation
Case 1: Effect on LTE PUSCH
The simulation results are provided in Figure 1 There is a negligible impact of in-band NB-IOT transmission on LTE PUSCH for PUSCH transmission spanning 1 PRB with 16-QAM as well as 10 PRBs with QPSK. In case of LTE PUSCH spanning 1 PRB, the impact of NB-IOT transmission is observed to be quite small for both SC-FDMA and GMSK. For LTE PUSCH spanning a larger bandwidth (10 PRBs), the impact is even less, on account of the additional PUSCH PRBs being located farther away from the NBIOT transmission.
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[bookmark: _Ref434589202]Figure 1 There is a negligible impact of in-band NB-IOT transmission on LTE PUSCH for both the proposed SC-FDMA and GMSK design options.
Case 2: Effect on LTE PUCCH
The simulation results are provided in Figure 2 There is a negligible impact of in-band NB-IOT transmission on LTE PUCCH for both the proposed SC-FDMA and GMSK design options. for PUCCH Format 1b transmission. As in the previous case, the impact of NB-IOT transmission is quite small on PUCCH. It must be noted that the SNR range for PUCCH considered here is significantly lower than that for PUSCH earlier. This implies that the interfering NB-IOT has a significantly larger SNR compared to the LTE UE. In spite of this, the impact on PUCCH is small on account of lower coding rate of PUCCH compared to PUSCH and slot-level hopping across the LTE system bandwidth.
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[bookmark: _Ref434589570]Figure 2 There is a negligible impact of in-band NB-IOT transmission on LTE PUCCH for both the proposed SC-FDMA and GMSK design options.

[bookmark: _Ref434588789]High NB-IOT SNR Target (15 dB)
The simulation results are provided in Figure 3 for inband operation of NB-IOT UE with a SNR target of 15 dB. It is observed that for PUSCH spanning 1 PRB and 16 QAM modulation, there is approximately 1 dB degradation in performance owing to the NB-IOT transmission with SC-FDMA design option. Similarly with GMSK-based uplink, the NB-IOT transmission causes approximately the same amount of degradation. On the other hand, PUSCH spanning 10 PRBs and using QPSK is quite robust to the NB-IOT transmission for both the design options.
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[bookmark: _Ref434590080]Figure 3 With a SNR target of 15 dB, there is a some impact for PUSCH spanning 1 PRB, but insignificant impact on PUSCH spanning 10 PRBs.

[bookmark: _Ref434588921]NB-IoT Transmit Filter
The simulation results are provided in Figure 4 for NB-IOT uplink based on SC-FDMA with a SNR target of 15 dB. The design of the transmit filter is dictated by the tradeoff between complexity, the amount of tolerable ripple in the passband, and the leakage requirements. Here, a linear phase transmit filter is employed that aims to achieve a nearly flat passband, with some shaping of the leakage outside the passband. The filter is sampled at 15.36 MHz and the filter coefficients are: 
Tx filter coefficients: [-0.00443185295463317 -0.00627836254547044 -0.00878040718385451 -0.00368475365583634 0.0126674854412758 0.0434735449397468 0.0854607063900754 0.129627672308140 0.163458759647355 0.176159954154857 0.163458759647355 0.129627672308140 0.0854607063900754 0.0434735449397468 0.0126674854412758 -0.00368475365583634 -0.00878040718385451 -0.00627836254547044 -0.00443185295463317];
It is observed that such a filter has no impact on the interference towards LTE uplink.
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[bookmark: _Ref434590649]Figure 4 A linear phase transmit filter has no significant impact on reducing the interference from NB-IOT transmission with SNR target 15 dB.
[bookmark: _Ref434588947]SC-FDMA based uplink with 15 kHz subcarrier spacing
The simulation results are provided in Figure 5 with NB-IOT uplink based on SC-FDMA with a subcarrier spacing of 15 kHz. It is observed that even with a NB-IOT SNR target of 15 dB, there is almost no impact on the LTE uplink.
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[bookmark: _Ref434591107]Figure 5 Choosing a 15 kHz subcarrier spacing for SC-FDMA uplink mitigates leakage to LTE uplink even with a NB-IOT SNR target of 15 dB.


Conclusion
The simulation results show that in the uplink, in-band deployment of either of the NB-IOT design options, viz. SC-FDMA with 2.5 kHz subcarrier spacing and FDMA with GMSK, have an insignificant impact on the LTE system. 

Additional Simulation Parameters
In addition to the simulation parameters described in [2], the following parameters have been used:
	Parameter
	Value

	NB-IOT Occupancy (SC-FDMA design)
	36 subcarriers (90 kHz bandwidth)

	NB-IOT Occupancy (GMSK design)
	Single GMSK carrier (5 MHz bandwidth)

	Frequency error, LTE UE
	90 Hz

	Frequency error, NB-IOT UE (SC-FDMA)
	95 Hz

	Timing error, NB-IOT UE (SC-FDMA)
	2.5 µs
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