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Introduction
This contribution is an update to [1] on an NR-U in-band emissions requirement with corrections to the simulation results due to an error in signal generation and in setting the mask.  It was agreed in [2] and [3] that the eLAA definition could be used as a starting point.  Starting with the eLAA definition, this contribution provides simulations results to illustrate how it can be adapted for NR-U with power class 5.
Discussion
The eLAA requirement for in-band emissions from 36.101 is shown below where the relevant sections related to frame structure 3 for Band 46 are highlighted.
[bookmark: _Toc368026283]6.5.2.3.1		Minimum requirements
The relative in-band emission shall not exceed the values specified in Table 6.5.2.3.1-1.
Table 6.5.2.3.1-1: Minimum requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	For Frame Structure Type 1 and Frame Structure Type 2:


For Frame Structure Type 3, 10 MHz and 20 MHz channel bandwidths:

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm  Output power < -30 dBm (NOTE 12)
	

	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. For Frame Structure Type 3 and 20 MHz channel bandwidth, the requirement applies for QPSK, 16QAM and 64QAM modulation with  for any non-allocated RB andin the uplink scheduling grant with specified in [6]. For Frame Structure Type 3 and 10 MHz channel bandwidth in Band 49, the requirement applies for QPSK, 16QAM and 64QAM modulation with  for any non-allocated RB andin the uplink scheduling grant.


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. For Frame Structure Type 3 with 20 MHz channel bandwidth, the applicable frequency is  for QPSK, 16QAM and 64QAM modulation. For Frame Structure Type 3 and 10 MHz channel bandwidth in Band 49, the applicable frequency is  for QPSK, 16QAM and 64QAM modulation.


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. For Frame Structure Type 3 and 20 MHz channel bandwidth, the requirement applies for QPSK, 16QAM and 64QAM modulation within the uplink scheduling grant. For Frame Structure Type 3 and 10 MHz channel bandwidth in Band 49, the requirement applies for QPSK, 16QAM and 64QAM modulation within the uplink scheduling grant.


NOTE 5:	The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if  is odd, or in the two RBs immediately adjacent to the DC frequency if  is even, but excluding any allocated RB.

NOTE 6:	 is the Transmission Bandwidth (see Figure 5.6-1).

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

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



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

NOTE 10:	 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
[NOTE 11: For V2V-V2X waveforms, the requirements are applied when PSSCH and PSCCH are adjacent in frequency. The limit values (General, IQ Image or Carrier leakage) of each channel is calculated separately as Pgeneral, PSSCH, PIQ, PSSCH, PLO, PSSCH, Pgeneral, PSCCH, PIQ, PSCCH, PLO, PSCCH ,respectively. 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, PSSCH - 30 dB and the PsumIBE.SSCH, where PsumIBE.SSCH is the linear sum of Pgeneral, PSSCH, PIQ, PSSCH, PLO, PSSCH, Pgeneral, PSCCH, PIQ, PSCCH, PLO, PSCCH.]
NOTE 12: The requirement in this power range is not applicable for V2X sidelink transmission for E-UTRA V2X operating bands specified in Table 5.5G-1.



NOTE:	For Frame Structure 3 and operations in Band 46, in-band emissions requirements are not specified for the 10 MHz channel bandwidth.


It can be observed that the in-band emission requirement applies for specific RB allocations, namely, RIV=1 for the general requirement and image, and RIV =5 for the carrier leakage.  For the general requirement, the in-band emission is evaluated only for due to the repetitive structure of the interlaced waveform.  For image and carrier leakage, specific RB locations are identified where these terms are expected to be observed based on the RIV =1 or RIV =5 waveform.  
Waveform parameters
Simulations were run with DFT-S-OFDM and CP-OFDM waveforms, QPSK modulation, 20 MHz channel with 15 kHz SCS.  The interlace_1 and interlace_5 waveform allocations can be described as allocated RB = {1, 11, 21, … [101]} and {5, 15, 25, … [105]} where the last RB is not allocated for DFT-S-OFDM.  The LO is located in the center of the channel between RB 52 and RB 53.  LO and IQ image are included at -28 dB.  The IQ image terms are expected to be observed at 2*LO-AllocatedRB; i.e., IQ = {[4], 14, 24, 34, … 104} for RIV=1 and IQ = {[0], 10, 20, 30, … 100} for RIV=5.  
Simulation results
The general requirement is checked by simulation.  The PA model used in the simulation and its calibration are described in [4] for power class 5 with modification  to align with the agreement in [2].  The agreement in [2] defines a setpoint including a reference waveform and its MPR relative to PC5 maximum output power of 20 dBm.  The reference waveform for output power is 20 MHz bandwidth, 15 kHz SCS, DFT-s-OFDM, QPSK, 100 RB’s allocation starting at RB3.  The MPR for this waveform has been agreed to be 1 dB; in other words, the output power for the reference waveform is 19 dBm at the antenna port.  The simulation results here are shown at this reference power level of 19 dBm.
Results are presented in the figures below post-FFT and RB downsampling.  
	[image: ]

	[image: ]


A closer view is shown where the IQ image products in their predicted locations can be seen.  
	[image: ]
	[image: ]



The LO can be observed between RB 52 and 53 below, most evident for the RIV=5 waveform since the LO is not obscured by the energy of a nearby allocated RB.  
	[image: ]
	[image: ]



Another aspect is also to be considered is the expected location of the LO and IQ image products.  It can also be seen that the same approach as eLAA to easily identify LO and IQ image exceptions by using RIV=1 and RIV=5 waveforms can be used.  In this simulation, of 20 MHz channel with 15 kHz SCS, the LO is located in between RB’s 52 and 53 while an IQ image product can be located at RB 104 for the RIV=1 allocation with the assumption that the LO is placed in the center of the channel.  However, one additional complexity is that for NR and NR-U, the LO location can be placed elsewhere than the center of the channel with its location signaled by the UE.  An unfortunate placement of the LO would render the RIV=1 and RIV=5 allocations ineffective for identifying LO and IQ image if they happen to coincide with or near allocated RB locations.  Moreover, the addition of LO and IQ image could cause general mask failures if the exception is not provided since the power would be additive to the general emission already present.  From 38.331 in the UplinkTxDirectCurrentBWP field
txDirectCurrentLocation
The uplink Tx Direct Current location for the carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification.
For 15 kHz SCS, the center of a 20 MHz channel is expected to be located at txDirectCurrentLocation 635 or 636 given NRB=106 and 12 sub-carriers per RB; i.e., (106*12-1)/2 = 635.5. If not signalled, it is not clear what the default value is since the default is not specified in 38.331.  
The most obvious way to address this problem is to adjust the LO and IQ image exception RB’s according to the reported DC location, assuming it is reported.  Both RIV=1 and RIV=5 waveforms will need to be checked for LO since the LO may coincide with or near an allocated RB for one of these two waveforms and therefore be difficult to observe.  The problem if the UE does not report txDirectCurrentLocation or reports 3300 or 3301 still remains, but a workaround may be to define exception locations according to LO in the middle of the channel in this case.
Conclusion
This contribution presents simulation results using the eLAA in-band emissions requirements for NR-U.  By simulation for a PC5 PA, the use of RIV=1 and RIV=5 waveforms with the same IBE mask as eLAA is found to be suitable for NR-U as well.  One challenge is to identify the location of the LO and IQ image exceptions.  For each allocated RB, there is an IQ image exception needed at an RB that is reflected across the LO, but since the LO location itself can be implementation-dependent, the test equipment needs to calculate the location of these exceptions.  
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