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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was approved [3]. 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
Furthermore according to [3], NB-IOT should have a single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
A narrowband LTE based solution (called NB-LTE) was proposed and included in [1], and is now under investigation under the NB-IOT work item [3]. The contribution [2] provides a design example for the DL TX filter for the 15 KHz subcarrier spacing that ensures the transmit signal fulfils the GSM PSD mask, and the impact on the BLER performance is negligible compared to the cases that no TX filter is applied.
In this contribution, we further optimize the DL TX filter design which ensures ~99% of the filter energy concentrates in the CP region. Moreover, this TX filter gives sufficient design margins with respect to the GSM PSD mask, and gives little impact on the BLER performance. 
General design principles
In order to fulfil the GSM PSD mask in the stand alone deployment, a downlink TX filter is needed. In [2], a 19-tap FIR filter is used, which makes the transmit signal fulfil the GSM PSD mask and introduces very limited impact of the EVM of the transmit signal. 
In this contribution, we continue the discussions and evaluations. A further improved design to the downlink TX filter in [2] is done. We show that by using a 19-tap FIR filter, we can make the transmit signal fulfil the GSM PSD mask, and we also simulate the BLER performance at different MCL’s. The simulation results show that by applying the downlink TX filter, little BLER impacts can be observed. 
The 19-tap FIR filter is designed at a sampling rate of 1.92 MHz. Therefore, the impulse response of the filter is around 10 µs. This is longer than the normal CP of NB LTE, however more than 99% of the energy in this filter is contained in the central 9 taps, which corresponds to the length of the normal CP used in NB-IoT with 15 KHz subcarrier spacing at the sampling rate of 1.92 MHz. The filtered downlink NB LTE signal and the GSM PSD mask are plotted in Figure 1. As we can see from the plot, the filtered signal is well under the GSM PSD mask. 
[image: ]
[bookmark: _Ref434592960]Figure 1 Filtered NB LTE signal
Observation 1: The DL TX filter can be optimized to concentrate more than 99% of the energy within the normal CP used in NB-IoT standalone deployment with 15 KHz subcarrier spacing. This filter also gives enough design margins with respect to the GSM PSD mask. 
Downlink Physical Layer
In order to understand the impact of the TX filter on the received BLER at different MCL values, we resort to link level simulations. The M-PDSCH link simulation parameters are given in Table 1. The transmitted signal is passed through the TX filter in order to fulfil the GSM PSD mask.
[bookmark: _Ref430943320][bookmark: _Ref430943314]Table 1 Assumptions for M-PDSCH link simulations
	Parameter
	Value

	Frequency band
	900 MHz

	Sampling rate
	1.92 MHz

	Modulate Scheme
	QPSK

	Propagation channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	BS:1T, MS:1R

	Frequency error
	Uniformly drawn from the set {-50 Hz, 50 Hz}

	Timing uncertainty
	Uniformly drawn from the range [-2.5 µs +2.5 µs].

	Number of channel realizations
	10,000

	Normalized TX filter coefficients (Sampling rate at 1.92 MHz)
	[-0.00443546546859152 -0.00628348019548349 
-0.00878756431290107 -0.00368775719050932 0.0126778110248279 0.0435089813112875 0.0855303675448757 0.129733335059228 0.163591998962126 0.176303546530281 0.163591998962126 0.129733335059228 0.0855303675448757 0.0435089813112875 0.0126778110248279 
-0.00368775719050932 -0.00878756431290107 
-0.00628348019548349 -0.00443546546859152]




[bookmark: _GoBack]Figure 2 compares the BLER performance of a 100-byte packet when using the MCS designed for different coverage classes. We compare the BLER performance with the idea case, i.e., no TX filtering and no timing error. Comparing to the idea cases, as we can see from the plot, after applying the 19-tap FIR TX filter, the BLER performance has no significant differences at the 10% BLER target. Therefore, even though the downlink TX filter is longer the length of normal CP used by NB LTE, little impact on the BLER can be expected. Note, the performance studied in NB LTE contributions has already included the imperfections. Also, in order to fulfil the performance target defined in [1], NB LTE does not require using higher order modulations than QPSK. 
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[bookmark: _Ref434594598]Figure 2 BLER comparison of filtered and unfiltered NB LTE signal

Observation 2: Comparing to the idea cases, applying a 19-tap FIR filter at the TX has no significant impact on the BLER performance of the MCS used by NB LTE. 

Conclusions
In this contribution, we show an alternative downlink TX filter design example to the one used in . With a 19-tap downlink TX filter, the NB LTE signal fulfils the GSM PSD spectrum mask. No significant degradation on the coverage is observed. The downlink TX filter used in here is just an example, and further optimization of the downlink TX filter can be expected. We have the following observations,
Observation 1: The DL TX filter can be optimized to concentrate more than 99% of the energy within the normal CP used in NB-IoT standalone deployment with 15 KHz subcarrier spacing. This filter also gives enough design margins with respect to the GSM PSD mask.
Observation 2: Comparing to the idea cases, applying a 19-tap FIR filter at the TX has no significant impact on the BLER performance of the MCS used by NB LTE.
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