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1. Introduction

In RAN4#78 NB-IoT AH, a WF on In-band emission for NB-IoT was approved (endorsed) [1]. 
· 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.

In this contribution, we further discuss the requirement.
2. Discussion
In-band emission for NB-IoT will be specified within a PRB in order to enable multiple UEs to share the same PRB. 
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Figure 1: In-band emissions for NB-IoT
In this meeting, we have a draft CR [2] for this requirement based on the WF above. The proposed requirement is the following.
Table 6.5.2F.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-25
	Carrier frequency (NOTES 4, 5)

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

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

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated tones.

NOTE 4:
The measurement bandwidth is 1 tone and the limit is expressed as a ratio of measured power in one non-allocated tone to the measured total power in all allocated tones.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the tones containing the DC frequency if 
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 is odd, or in the two tones immediately adjacent to the DC frequency if 
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NOTE 6:
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 is the Transmission Bandwidth (tones). 

NOTE 7:

[image: image6.wmf]tone

N

 is the Transmission Bandwidth Configuration (tones). 

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 tones. 

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

NOTE 10:
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 is the transmitted power per 3.75 kHz or 15 kHz in allocated tones, measured in dBm.


The above formula is derived by scaling of the current LTE requirement. Based on offline discussions, some companies seem to think that some relaxations would be needed for NB-IoT usage. Our view is that if some modifications are required, we need to confirm if the changed requirement is sufficient to guarantee the co-existence for multiple UEs within a PRB from technical perspective prior to the agreement. Otherwise, the requirement will be meaningless and cause unnecessary tests. Taking the completion date of the WI into account, the discussion should be done during this meeting. 
3. Conclusion
We have a draft CR for in-band emission for NB-IoT based on scaling of the LTE requirement in this meeting [2]. If some companies think that some relaxations are needed for NB-IoT, we need to confirm if the changed requirement is sufficient to guarantee the co-existence within a PRB in this meeting.
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