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1. Introduction

In the last meeting, a WF on in-band emission for NB-IoT was approved [1]. In this contribution, we further discuss how to specify the requirement.
2. Discussion
In [1], the following agreements were made.
· To specify In-band emission for NB-IoT as below.
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· General emission: To be studied in the next meeting (RAN4#78bis NB-IoT AH)
· Carrier leakage: To specify -25dBc

· IQ image: To specify -25dBc

For reference, the current in-band general emission for LTE is shown as below. 
Table 1: Minimum requirements for in-band emissions (LTE)

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies
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	Any non-allocated (NOTE 2)

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 6:

[image: image3.wmf]CRB

L

 is the Transmission Bandwidth (see Figure 5.6-1). 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


For NB-IoT, if we can follow the same principle as LTE, the simplest way would be just to translate the formula from “RB” of 180 kHz to “tone” of 3.75 kHz and/or 15 kHz. With this approach, the emission limit would be the following (assuming no changes of values themselves).
· Emission = max{- 25 - 10*log10(Ntone/LCtone), 20*log10EVM – 3 – 5*(|tone| - 1)/LCtone, - 57dBm/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%. 

· tone 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.
Although this formula would require some modifications for NB-IoT, it should be discussed on whether the scaling approach is appropriate or not. If this seems a valid way to guarantee the in-band coexistence, we will continue to discuss the details.
Another issue we bring up is that there is no emission limit in 2x10 kHz in both channel edges based on current agreements for NB-IoT as below figure. 
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Figure 1: NB-IoT emission requirements

Considering in-band operation cases, this could cause some degradation in the adjacent PRB. Since a WF on coexistence simulations results for in-band and guard band [2] also says that NB-IoT perform some interference on 1st adjacent LTE PRB, while the interference on other PRBs is insignificant or acceptable, we should mitigate such an interference with having some requirements. One possible way is to extend in-band general emission to the ranges. In order to achieve better performance, we’d also like to hear other companies’ views for the issue. 
3. Conclusion

In this contribution, we discussed a simplest way (i.e. scaling of LTE requirement) to define in-band general emission for NB-IoT. And also, a concern on interference with adjacent PRB in in-band operation was raised. Other companies’ views are highly appreciated for discussions on how to treat those requirements during the RAN4#78bis AH meeting.
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