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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. It shall address improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4#77 meeting, a way forward [2] regarding how to apply ACLR and ACS on coexistence study for standalone case has been approved. It described a four steps approach which basically consists in comparing coexistence results when taking flat value of ACLR and ACS with results when considering GSM mask for NB-IoT.

In this contribution, we further evaluate how relevant is to take the usual LTE ACLR value to study coexistence with NB-IoT.
2 Discussion
NB-IoT has 200 kHz channel bandwidth and is supposed to be deployed in standalone operations next to any existing LTE bands. 
The BS LTE ACLR value is 45 dB and should be considered as flat according to [2] to study coexistence with NB-IoT. 

Nevertheless, LTE mask is not flat and has following shapes shown in Figure 1 according to TS 36.104 [3] and MSR requirements in TS 37.104 [4]. The pink mask is the unwanted emission mask for LTE 1.4 MHz bandwidth, the red one is for 3 MHz and the green one is for any LTE bandwidth greater or equal to 5 MHz.
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Figure 1: UEM – 36.104 and MSR 36.107

Considering a 10 MHz LTE system with 46dBm maximum power (agreed assumption for coexistence study [5]), Figure 2 shows PSD and associated emission mask. The dotted line corresponds to 45 dB ACLR. This means so that, any adjacent 10 MHz system could get some interference spikes above the 45 dB ACLR (dotted blue line), but still they shall always be below UEM (green line), and the overall interference PSD over 10 MHz shall always be below the 45 dB ACLR line.

For a 10 MHz LTE adjacent system, the difference between the ACLR and the UEM varies from -7 dBm (flat from 5MHz) till -14 dBm (when close to the other system).
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Figure 2:  LTE 10 MHz UEM
But for 200 kHz NB-IoT adjacent system (blue rectangle in Figure 3), this difference varies only between -7 and -6.79 dBm. The probability to get any interference spike in that area would not be negligible. While it would have no other impact on a 10 MHz adjacent system, it would be noticeable with NB-IoT adjacent system.
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Figure 3: LTE 10 MHz UEM + Adjacent NB-IoT
For those reasons, to secure the coexistence study, there are 3 options:

· Specify an additional guard band of 5 MHz in between LTE 10 MHz and NB-IoT systems, but that won’t be spectrum efficient. 

· An alternative would be to define more aggressive ACLR requirement for LTE when any NB-IoT system is adjacent, but that would require new requirement in LTE specifications which should be avoided.

· Consider a smaller value of ACLR to investigate coexistence and consider NB-IoT system could be as adjacent as possible from LTE. To keep consistency with a 10 MHz LTE system where ACLR is 7 dB below the lowest part of UEM, this ACLR value to consider could be 38 dB. 
Our proposal is the latest, consider a smaller ACLR value for LTE system as aggressor when studying coexistence with NB-IoT, this value has to be further discussed and agreed. 

Nevertheless, coexistence studies used ACIR to evaluate interference in between systems. ACIR is based on ACLR and ACS and defined according to the following: 
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In Downlink, BS ACLR and UE ACS are used, which means that, as long as ACLR < ACS, ACS will predominate. So, as long as NB-IoT ACS has value greater than 35 dB, using ACLR value of 45 or 38 dB won’t influence much the coexistence results. 

Nevertheless, a LTE signal could have a spike in its adjacent area of up to the limit of UEM mask and as large as 200 kHz (fully covering the blue rectangle in Figure 3). Even with such spike, this LTE is still compliant with UEM mask and could still have 45 dB ACLR. So, if we’d like to be fully safe when studying coexistence, we should consider an ACLR value of 31 dB (LTE 10 MHz).

3 Conclusion
In this contribution we investigated the LTE mask to evaluate if we can consider using LTE ACLR value (45 dB) when studying coexistence with NB-IoT. 
It would be preferable to consider a smaller value (e.g. 38 dB or even 31 dB to be fully safe) to further study coexistence with NB-IoT. Nevertheless, as ACIR is used to evaluate interferences, this would only be necessary when the considered NB-IoT UE ACS value would be greater than 35 (if 31) or 40 dB (if 38).
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