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Introduction
Wideband carrier operation for NR-U was discussed in RAN4#90bis meeting and RAN4 provided a response LS [3] to RAN1 regarding the questions asked by RAN1 in [1] and [2].
RAN4 concluded the wide-band operation at least for DL is feasible with boundary conditions explained in the response LS [3]. In addition the LS explains certain areas where further work is needed before giving final answers to RAN1.
One of the topics to be further analysed is linked with spectrum emission mask and regional regulatory requirements.
In this document we analyse the UL TX spectrum and emission mask performance vs. Harmonized European Standard using simulator model for UE transmitter.

Discussion
Emission mask requirement in European Harmonized Standard
European regulatory performance requirements for 5GHz wireless access systems (WAS) including RLAN equipment that are used in wireless local area networks which provide high speed data communications in between devices connected to the wireless infrastructure are described in ETSI EN 301 893 “5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU” [4].
The requirement for Transmitter unwanted emissions within the 5GHz RLAN band is described in section 4.2.4.2. This section includes emission mask figure as shown in figure 1.
[image: ]
Figure 1. Transmit spectral power mask
The mean Power Density (measured with a 1 MHz measurement bandwidth) of the transmitter unwanted emissionswithin the 5 GHz RLAN bands shall not exceed the limits of the mask provided in figure 1 or an absolute level of -30 dBm/MHz, whichever is greater. The limits in figure 1 are relative to the maximum Power Density of the RLAN device when measured with a reference bandwidth of 1 MHz.
The mask is only applicable within the band of operation. Beyond the band edges the requirements of clause 4.2.4.1 apply.
In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet the limits provided in figure 1.
For transmitter unwanted emissions within the 5 GHz RLAN bands, simultaneous transmissions in adjacent channels may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels used simultaneously.
For simultaneous transmissions in multiple non-adjacent channels, the overall transmit spectral power mask is constructed in the following manner. First, a mask as provided in figure 1 is applied to each of the channels. Then, for each frequency point, the greatest value from the spectral masks of all the channels assessed shall be taken as the overall spectral mask requirement at that frequency.
The key points to note are
1. that mask is limited at the bottom to -30dBm/MHz level
2. that mask gets wider when multiple adjacent channels are transmitted simultaneously
3. that in case simultaneous transmission of non-adjacent channels the mask in figure 1 is applied to each of the channel and then GREATEST value from spectral masks of all channels assessed shall be used as the requirement.

Simulation model
The spectrum analysis in this document is carried out by using simulator model for UE transmitter that includes
· TXDFE including digital filter
· Digital filter pass-band of BW/2 (40 for 80, 30 for 60 and 20 for 40MHz modes)
· Digital filter is not switched based on LBT success
· 9bit DAC with Fs= 245.76MHz
· Analog BB filter with filter pass band of BW/2
· Analog filter is not switched based on LBT success
· Up-converter (harmonic reject up-conversion)
· PA
The non-linearity of the transmitter is implemented with RAP PA model, which is scaled in a way that reference back-off of 0dB gives output power of +20dBm, ACLR with full-band RB allocation of ~-32dB and QPSK EVM of ~5%.
With 2dB back-off the ACLR is about -38dB and 64QAM EVM is about 2.5%.
With 2dB back-off the transmission of 2RB only signal meets the 3GPP mask with about 5dB margin.
It needs to be noted that validity of the used model vs. real 5GHz PAs fulfilling also the efficiency and other targets that are important for battery operated devices has not been done and hence the absolute power numbers shown (dBm) should be considered as indicative values only. However, it’s expected that relative impacts, like back-off, correlate well with real implementations.
The simulation results are shown with RBW of 30kHz and the masks, if defined with different measurement band-width, have been scaled in a way that takes this into account.
The Green curve is showing the performance without PA non-linearity and Blue curve shows the final performance with PA non-linearity included. Red solid line is the 38.101 SEM requirement and solid magenta line shows the ETSI mask.
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Figure 2. 0dB back-off
[image: ]   [image: ]
Figure 3. 2dB back-off

[image: ]    [image: ]
Figure 4. 2dB back-off with 2RBs

UL numerology
The details for used UL numerology for 80, 60 and 40MHz modes are listed in ANNEX of this document. The center frequency of the operated bandwidth is selected to be either
•	in the center of 20MHz sub-band (when odd number of sub-bands operated, like in 60)
•	or in the middle of two 20MHz sub-bands (when even number of sub-bands is used 40 or 80)
This assumption may not be the final outcome of the channel raster and sync raster analysis in RAN4 but was used here to simplify the spectrum analysis. 
The number of allocated RBs per 20MHz sub-band was selected to be 51 and 24 for 30kHz and 60kHz sub-carrier spacing respectively as specified in TS38.101 section 5.3.2	Maximum transmission bandwidth configuration. The maximum number of RBs in each mode is also aligned with same table as follows.
Table 1. Maximum number of allocated RBs
	SCS (kHz)
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	
	NRB
	NRB
	NRB
	NRB

	30
	51
	106
	162
	217

	60
	24
	51
	79
	107






The width of in-band guard-bands with selected RB allocations are slightly smaller (~80%) than the minimum guard-bands specified in TS38.101 section 5.3.3	Minimum guard band and transmission bandwidth configuration, but this choice was made for this analysis to enable wide-band operation by means of RB-allocation only. The guard-bands on the lower and upper side of the operating bandwidth (80, 60 or 40MHz) are kept unchanged vs. normal operation in these modes.
The guard bands for 60kHz SCS are always wider than for 30kHz SCS and therefore simulation results for 30kHz are assumed to cover also the 60kHz SCS cases. This has also been verified with some simulations but full set of results is not shown here.
Observation #1: As guard bands for 60kHz SCS are always wider than for 30kHz SCS the analysis here focuses on 30kHz SCS but results are assumed to be valid also for 60kHz SCS.

Simulation results summary
Results for simulation results different sub-band combinations are shown in following sections and results are collected into Table 2, Table 3 and Table 4 below. The simulations have been first performed with 0dB reference back-off and if mask violation is observed then new simulation with 2dB power back-off is performed.
More detailed back-off analysis will be necessary at later stage of the work, but this simplified approach is used to better understand the feasibility and limitations of wide-band operations in UL.
Table 2. Simulation results for 80MHz / 4x20MHz mode/ 30kHz SCS
	Sub-B1
	Sub-B2
	Sub-B3
	Sub-B4
	Back-off needed (dB)
	Indicative output power (dBm)
	SEM

	ON
	ON
	ON
	ON
	0
	20
	OK

	ON
	-
	ON
	ON
	2
	18
	OK

	ON
	-
	-
	ON
	2
	18
	OK

	ON
	-
	ON
	-
	2
	18
	OK

	ON
	ON
	-
	-
	0
	20
	OK

	ON
	ON
	ON
	-
	0
	20
	OK



Table 3. Simulation results for 60MHz / 3x20MHz mode/ 30kHz SCS
	Sub-B1
	Sub-B2
	Sub-B3
	Back-off needed (dB)
	Indicative output power (dBm)
	SEM

	ON
	ON
	ON
	0
	20
	OK

	ON
	-
	ON
	2
	18
	OK

	ON
	ON
	-
	0
	20
	OK



Table 4. Simulation results for 40MHz / 2x20MHz mode / 30kHz SCS
	Sub-B1
	Sub-B2
	Back-off needed (dB)
	Indicative output power (dBm)
	SEM

	ON
	ON
	0
	20
	OK

	ON
	-
	0
	20
	OK



Observation #2: 3GPP ACLR and ETSI emission masks can be fulfilled in 80, 60 and 40MHz UL with about 0dB reference MPR in cases when contiguous sub-bands are operated.
Observation #3: 3GPP ACLR and ETSI emission masks can be fulfilled in 80, 60 and 40MHz UL with about 2dB MPR in cases when non-adjacent sub-bands are operated.
Observation #4: Using or not using guard bands between the contiguous sub-bands does not have significant impact to the spectrum of the transmitted signal.

80MHz / 4x20MHz mode

[image: ]
Figure 5. 80MHz (20+20+20+20)
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Figure 6. 80MHz (20+[  ]+20+20) with and without guard bands between contiguous sub-bands
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Figure 7. 80MHz (20+[  ]+[  ]+20)
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Figure 8. 80MHz (20+[  ]+20+[  ])
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Figure 9. 80MHz (20+20+[  ]+[  ])
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Figure 10. 80MHz (20+20+20+[  ])

60MHz / 3x20MHz mode
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Figure 11. 60MHz (20+20+20)
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Figure 12. 60MHz (20+[  ]+20)
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Figure 13. 60MHz (20+20+[  ])

40MHz / 2x20MHz mode
[image: ]
Figure 14. 40MHz (20+20)
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Figure 15. 40MHz (20+[  ])

Conclusions
Simulation analysis for UL wide-band operation in 80MHz (4x20), 60MHz (3x20) and 40MHz (2x20) modes was performed with UE UL model that includes the key imperfections that influence the spectrum emission mask of the transmitter. During the analysis following observations were made:
Observation #1: As guard bands for 60kHz SCS are always wider than for 30kHz SCS the analysis here focuses on 30kHz SCS but results are assumed to be valid also for 60kHz SCS.
Observation #2: 3GPP ACLR and ETSI emission masks can be fulfilled in 80, 60 and 40MHz UL with about 0dB reference MPR in cases when contiguous sub-bands are operated.
Observation #3: 3GPP ACLR and ETSI emission masks can be fulfilled in 80, 60 and 40MHz UL with about 2dB MPR in cases when non-adjacent sub-bands are operated.
Observation #4: Using or not using guard bands between the contiguous sub-bands does not have significant impact to the spectrum of the transmitted signal.
It needs to be noted that validity of the used model vs. real 5GHz PAs fulfilling also the efficiency and other targets that are important for battery operated devices has not been done and hence the absolute power numbers shown (dBm) should be considered as indicative values only. However, it’s expected that relative impacts, like back-off, correlate well with real implementations.

References
[1]R4-1902503 Reply LS on wideband carrier operation for NR-U
[2] R1-1812026 LS on wideband carrier operation for NR-U
[3] R4-1905209 “LS reply on wideband carrier operation for NR-U”, Nokia, April 2018
[4] ETSI EN 301 893, “5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU”, version 2.1.1 (2017-05)



ANNEX
Clarification of the used numerologies for spectrum analysis
In the analysis of this document the center frequency of the operated bandwidth is selected to be either
· in the center of 20MHz sub-band (when odd number of sub-bands operated, like in 60)
· or in the middle of two 20MHz sub-bands (when even number of sub-bands is used 40 or 80)
This assumption may not be the final outcome of the channel raster / sync raster analysis but was used here to simplify the spectrum analysis.
4x 20MHz sub-bands:

4x 20MHz / 30kHz SCS

4x 20MHz / 60kHz SCS


3x 20MHz sub-bands:
3x 20MHz / 30kHz SCS


3x 20MHz / 60kHz SCS


2x 20MHz sub-bands:
2x 20MHz / 30kHz SCS

2x 20MHz / 60kHz SCS
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