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1. Introduction
NR brings an expanded set of operating conditions to the UE, relative to LTE. This document is a proposal for an IBE spec for NR that addresses those conditions, including both NR frequency ranges (FR1 and FR2). EVM measurement and EVM equalizer flatness are discussed in companion papers [5] [6].
2. Discussion

There is need for a consistent, self-standing IBE specification for NR. The IBE specification proposed in this submission is developed from the IBE specification in TS36.101 rel. 14.  In this paper, we first discuss the principle changes from TS36.101 rel. 14 (section 2.1). Next, we propose an NR IBE spec (section 2.2). 
2.1. NR-specific Changes to Spec Carried Over from TS36.101 rel. 14
2.1.1. IBE Measurement Standard for FR 2

Measurements for UEs in Frequency Range 2 are typically made on radiated power, rather than conducted power. It is hence necessary to define the test equipment antenna, which we propose, be arbitrarily set to 0dBi gain.
2.1.2. IBE General Requirements for FR 2
In LTE, the in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. For each unallocated RB under evaluation, 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. The ACLR spec for Frequency Range 2 was proposed as -17dBc. In keeping with the reduced ACLR requirement in Frequency Range 2, we propose changing the limit in the expression for minimum IBE specification to PRB - 17 dB. 

2.1.3. IBE General Requirements for Different Numerologies, FR1 and FR2
The following was proposed in [1] to account for different numerologies. This proposal is incorporated into section 2.2
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2.1.4. LO and Image Exceptions for FR 1
A TP for newly adopted LO and Image specifications was proposed for Frequency Range 1 in [2]. These specifications drive the LO and Image exceptions in the IBE specification for for Frequency Range 1, and is incorporated into section 2.2.
2.1.5. Image Exception for shaped pi/2 BPSK for FR 2
In [3], the benefits of pi/2 pulse-shaped BPSK were discussed. One of the characteristics of this type of waveform is the non-flat PSD of the allocated RBs. To accommodate this type of waveform, the image exception in the IBE spec needs to be modified [4]. In the interest of simplicity, for shaped pi/2 BPSK waveforms only, the specification limit shall be applied relative to the allocated RB with the highest PSD, rather than the average PSD across all allocated RBs.

2.2. IBE Spec Proposal for NR
The in-band emission shall be measured per IBE/EVM block diagrams 2.2.1 through 2.2.3 below. IBE is quantified for each unallocated RB. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE average output power in each allocated RB, unless otherwise specified.

The basic in-band emissions measurement interval is defined over FFS symbols (Example: 140 symbols) in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one symbol, accordingly. 
For radiated power measurements, the test instrumentation antenna shall be assumed to have 0dBi gain. ‘Output Power’ refers to TRP.
The relative in-band emission shall not exceed the values specified in Tables 2.2.1 and 2.2.2
Table 2.2.1: Minimum requirements for in-band emissions, Frequency Range 1

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm 
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	


Table 2.2.2: Minimum requirements for in-band emissions, Frequency Range 2
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	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 - X dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10. X takes on the value 30 in Frequency Range 1, and 17 in Frequency Range 2.

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. For pulse-shaped pi/2 BPSK, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD

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 RBs.

NOTE 4:
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 total power in all allocated RBs. 
NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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NOTE 6:
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 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 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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NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
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Figure 2.2.1; Definition of Timing Parameters to be Used for IBE Calculation.
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Figure 2.2.2: EVM/IBE Calculation Block Diagram for DFT-s-OFDM Waveforms
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Figure 2.2.3: EVM/IBE Calculation Block Diagram for CP-OFDM Waveforms
3. Conclusion
A basic specification for IBE has been presented in section 2.2. 
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Proposal 1: NR Range 1 in-band emission measurement period is 10 sub-frames. The in-band emission is averaged over (20) slots.


Proposal 2: General section of LTE in-band emission mask definition can be re-used with slight modification for NR range 1:
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