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1 Introduction
This document considers the in-band emission specifications for the NB-IoT uplink. We follow the baseline approach agreed as the way forward from the RAN4#78-AH meeting, but propose a modification to the expression for the General Limit to take account of the lower order modulation that is used for NB-IoT in comparison with LTE.
2 Background
The following was agreed as the way forward from the discussions at the RAN4#78-AH meeting:
· General in-band emission for NB-IoT with in a PRB is to be specified based scaling of the current LTE requirement.

· The “baseline” is the following.

· General in-band emission = max{- 25 - 10*log10(Ntone/LCtone), 20*log10EVM – 3 – 5*(|Dtone| - 1)/LCtone, - 57dBm/(3.75 or 15kHz) – Ptone} 

· LCtone is the Transmission Bandwidth (tones). 

· Ntone is the Transmission Bandwidth Configuration (tones), namely 12 or 48. 

· EVM is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated tones, namely 17.5%. 
· Dtone is the starting frequency offset between the allocated tone and the measured non-allocated tone. 
· Ptone is the transmitted power per 3.75 kHz and/or 15 kHz in allocated tones, measured in dBm. 

· The measurement step is defined according to the spacing of transmitted tone(s) (i.e. 3.75kHz or 15kHz).

· Companies are encouraged to provide more studies to determine the final formula in RAN4#79. 

3 Discussion
There are two key difference between NB-IoT and LTE with respect to the applicability of the existing LTE in-band emissions specification:

1. Minimum transmission bandwidth. For LTE, the minimum transmission bandwidth is 180 kHz, corresponding to 1 RB, and therefore all measurements are based on transmissions that are an integer multiple of 12 sub-carriers and use a measurement bandwidth of 180 kHz. In contrast, the minimum transmission bandwidth for NB-IoT is just a single sub-carrier which may have a bandwidth of 15 kHz or 3.75 kHz. 
2. Maximum modulation order. For LTE the requirements must consider the impact on high order modulation schemes such as 64QAM, whereas for NB-IoT the maximum modulation order for the uplink is QPSK. 

These differences complicate the application of the existing in-band specifications; we do not wish to create an unnecessarily strict requirement for an ultra-low cost NB-IoT device, which might add design complexity without significant benefit.
We first consider the -25 - 10*log10(Ntone/LCtone) term within the max() expression for the General Limit. This sets a lower bound on the General Limit and, if using the baseline proposal in Section 2 applied to a single-carrier transmission (LCtone=1), would correspond to -35.8 dB for 15 kHz spacing at an offset of 4 or more sub-carriers (Dtone ≥ 4), and -41.8 dB for 3.75 kHz spacing at an offset of 5 or more sub-carriers (Dtone ≥ 5). It can be seen that these bounds take effect just a few sub-carrier spacings from the wanted signal due to the rapid decrease in the second term within the max() expression of the baseline proposal as Dtone increases. 
It is interesting to refer to the original derivation in [2] of the value of -25 dB in the above expression. This value was based on considering an acceptable level of interference to RBs that use 64QAM, which is approximated in [2] as “21 dB SNR for 64QAM”. However, 64QAM is not utilized for NB-IoT and therefore it seems inappropriate to re-use this value when determining the acceptable level of interference for NB-IoT. Instead a more suitable value would be based on the SNR required for QPSK, which is around 11 dB, and so is 10 dB lower than for 64QAM. Therefore, we propose modifying the value of -25 dB to -15 dB in the above expression, such that the expression becomes -15 - 10*log10(Ntone/LCtone). 
This is justified by the consideration of the lower order modulation used by NB-IoT compared with LTE. In addition, it provides a more reasonable requirement for the UE implementation in terms of in-band emission requirement, noting that in the absence of this change the proposed baseline General Limit becomes very strict even for relatively small frequency offsets from the allocated tone (due to the scaling of a “RB” in the LTE formulation to a single sub-carrier in the NB-IoT formulation).
Proposal 1: The first term within the max() expression for the General Limit is modified to:
-15 - 10*log10(Ntone/LCtone).
We now consider the third term within the max() expression for the General Limit, which is shown as –57 dBm/(3.75 or 15kHz) – Ptone, according to the baseline proposal in Section 2. It can be seen from the original derivation of the LTE in-band emissions requirement in [2] that the purpose of this term is to avoid an unnecessarily strict requirement when a UE is operating at the minimum transmit power of -40 dBm. It is also important to observe that the “transmit-off” power for the channel bandwidth is -50 dBm for NB-IoT [3].  Since the channel bandwidth is 180 kHz, it would be unreasonable to impose an in-band emissions requirement that was stricter than -50 dBm measured over 180 kHz, which corresponds to -60.8 dBm / 15 kHz, and furthermore a 3 dB relaxation compared with the “transmit-off” requirement would seem reasonable.
Considering these observation, we support the baseline proposal for the third term within the max() expression for the General Limit.
Proposal 2: The third term within the max() expression for the General Limit is confirmed as:
 –57 dBm/(3.75 or 15 kHz) – Ptone.

4 Conclusion
The previous discussion is captured in the following Proposals:

Proposal 1: The first term within the max() expression for the General Limit is modified to: 
–15 - 10*log10(Ntone/LCtone).
Proposal 2: The third term within the max() expression for the General Limit is confirmed as: 
–57 dBm/(3.75 or 15 kHz) – Ptone.
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