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1. Introduction
At RAN5#78, it was stated that each test case would require specific analysis to conform its test configuration table for Tx/Rx test cases in both FR1 and FR2 based on the study for Frequency, Channel BW, SCS, RB allocation (including modulations). This analysis will be captured in TR 38.905.
The purpose of this contribution is to provide the complete analysis for each parameter included in the Test Configuration Table and propose test points selection for NR Spectrum Emission Mask test case in FR2.
2. Discussion

Spectrum Emission Mask for FR2 is defined in Out of band emission section in [3] where it is explained the scope of the Out of band emissions measurement as follows:
The Out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and an Adjacent Channel Leakage power Ratio. Additional requirements to protect specific bands are also considered. 
All out of band emissions for range 2 are TRP.

Based on the Minimum conformance requirements for NR General Spectrum Mask in [2]:

6.5.2.1
Spectrum emission mask
The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the assigned NR channel bandwidth. For frequencies greater than (ΔfOOB) as specified in Table 6.5.2.1.1-1 the spurious requirements in subclause 6.5.3 are applicable.
Table 6.5.2.1.1-1: General NR Spectrum emission mask for Range 2
	ΔfOOB

(MHz)
	50

MHz
	100

MHz
	200

MHz
	400

MHz
	Measurement bandwidth

	( 0-5
	-5 
	-5
	-5
	-5
	1 MHz 

	( 5-10
	-13
	-5
	-5
	-5 
	1 MHz

	( 10-20
	-13
	-13
	-5
	-5 
	1 MHz

	( 20-40
	-13
	-13
	-13
	-5
	1 MHz

	( 40-100
	-13
	-13
	-13
	-13
	1 MHz

	( 100-200
	
	-13
	-13 
	-13 
	1 MHz

	( 200-400
	
	
	-13 
	-13 
	1 MHz

	( 400-800
	
	
	
	-13 
	1 MHz


The power of any UE emission shall not exceed the levels specified in Table 6.5.2.1.1-1 for the specified channel bandwidth.
Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration aspects.

2.1. Test Environment

Test environment Spectrum Emission Mask measurement for LTE and FR1 in [1] is Normal Conditions. This test environment can be also leveraged for FR2.

Proposal 1: Define Test Environment as Normal Conditions (NC) for Spectrum Emission Mask measurement in FR2.
2.2. Test Subcarrier Spacing

The goal of this section is to expose technical reasons to select the SCS to be tested in NR Spectrum Emission Mask FR2. This study is focused to detect the most critical use cases, based on SCS selection, when the nominal operation mode of the UE is compromised in this test.
The following aspects have been considered:

Spectrum utilization and Minimum GuardBand
The maximum transmission bandwidth configuration NRB for each channel bandwidth and subcarrier spacing is specified in Table 2.2-1 (obtained from Table 5.3.2-1 in [2]).

Table 2.2-1 Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N/A

	120
	32
	66
	132
	264


The maximum transmission bandwidth (in MHz) per each channel bandwidth and SCS is calculated using the values of the maximum number of Resource block and subcarrier spacing information (assuming 12 subcarriers per resource block), these values are shown in Table 2.2-2.


Table 2.2-2 Maximum transmission bandwidth configuration in MHz
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	47.52
	95.04
	190.08
	N/A

	120
	46.08
	95.04
	190.08
	380.16


Observation 1: Maximum transmission bandwidth for each channel bandwidth is not always achieved with lowest SCS and it keeps similar for different SCS.
Besides Table 2.2-3 (taken from Table 5.3.3-1 in [2]) depicts the minimum guardband for a UE channel bandwidth in each subcarrier spacing. This guardband is the frequency separation between the channel edge and the transmission bandwidth edge.
Table 2.2-3 Minimum Guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	1210
	2450
	4930
	N/A

	120
	1900
	2420
	4900
	9860


Observation 2: Lower guardbands are achieved with lower SCS for 50 MHz channel bandwidth. For 100 MHz and 200 MHz channel bandwidth, similar guardband values are achieved.

In [1], maximum transmission bandwidth and minimum guardband were important to select the SCS to test in FR1. However, for FR2, these parameters are not decisive for selecting the SCS for all channel bandwidths, as several SCS have similar values for the same channel bandwidth.

Secondary lobes from subcarriers
Continuing the purpose to find the most critical situations for the UE related to the SCS selection other observation might be done. 
In Table 2.2-3 the frequency range for the guardband is shown for each SCS and channel bandwith. However, if frequency response of each subcarrier is assumed as non-ideal, then this guardband might be studied in terms of how many secondary lobs would keep inside this guardband. This information gives us an estimation on how many power might go out the channel bandwidth due to the non-linearity of the transmitter.
Table 2.2-4 Number of secondary lobs are included in Guardband for each UE channel bandwidth and SCS (kHz) from last subcarrier
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	20.1
	40.3
	82.1
	N/A

	120
	15.8
	20.1
	40.8
	82.1


Table 2.2-4 depicts the number of secondary lobs inside the guardband. The most of cases show that the highest SCS will have lower number of secondary lobs inside the guardband so, if they are not filtered by channel bandwidth filter, this power would be an unwanted spurious emission out of the channel.
Observation 3: Based on the number of secondary lobs in guardband, it seems to be reasonable to test the Highest SCS supported by UE.

Phase Noise Impact
In FR2, whose bands operates in high frequencies, one of main problems is related to Phase Noise affecting to local oscillators. OFDM subcarrier generation is a non-ideal process involving local oscillators to generate the subcarriers. Local oscillators are affected by phase noise, which increases with carrier frequency. The effect of the phase noise in the frequency domain is a non-ideal, wider pulse for each subcarrier. This phase noise provokes that subcarrier is wider than really it is, even increasing the transmission bandwidth.
To achieve efficient communications in high frequency by protect it from this phase noise is why SCS highest are defined since it is known that SCS highest are more robust against phase noise. So, lower SCS might be more affected by this problem and each subcarrier can be wider and the transmission bandwidth might be lightly wider.
Observation 4: Based on comments about phase noise, the worst situation is test in conditions at high frequency and lower SCS, which seems not to be so robust with this issue.
Proposal 2: Select the Lowest and Highest SCS supported for UE for Spectrum Emission Mask measurement in FR2.
2.3. Test Frequencies

Spectrum Emission Mask is included inside the section Out of band emissions where it is pretended to evaluate the unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter. 
This section pretends to analyse the Test Frequencies test points which should be tested in Spectrum Emission Mask to evaluate the effects of a possible non-linearity in the channel bandwidth response for different frequencies inside the band.

In LTE, Spectrum Emission Mask measurement is tested for Low, Mid and High frequencies. This criteria is reasonable to verify different behaviours of the UE transmitter for different frequencies due to non-linearity based on the frequency.

With the purpose to reduce testing time the following analysis is based on detecting the most critical situations, related with the non-linearity with frequency.

The UE filter design, which operates in a specific band, usually is based on a reference frequency to design the active components in its transmitter. In general, the most critical situations to operate are when the transmitter filter in UE is centered in frequencies far from the reference frequency.
The most critical cases based on the reference frequency for UE filters and the frequency to be tested are:

· UE implementation based on Mid Frequency ( The most far frequency would be Low and High, so this option would be covered in case to test Low or High frequency.
· UE implementation based on any extreme frequency (Low or High) ( If testing is indicated for both Low and High, then the worst case is tested as well. For instance: if the reference frequency is Low then the testing on High would be the most far frequency distant.
Observation 5: Low and High frequencies can cover the most critical situations with the frequency variation obtaining a timing reduction in test as well. This criteria is even applied for this kind of bands which are really wide.
Proposal 3: Test Low and High Frequencies for Spectrum Emission Mask measurement in FR2.
2.4. Test Channel Bandwidth

In LTE, Spectrum Emission Mask is tested for Lowest, 5 MHz, 10 MHz and Highest channel bandwidths. This assumption seems to be reasonable to test different behaviours of the UE transmitter related to the non-linearity with different channel bandwidth. 
Based on it, NR Spectrum Emission Mask for FR2 might be tested for 50, 100, 200 and 400 MHz, corresponding to Lowest, Highest and two middle channel bandwidths.
Observation 6: Test the Lowest, 100 MHz, 200 MHz and Highest would cover all situations defined in LTE.
The lowest channel bandwidth makes UE to conform its filter with narrow band-pass and with a very high slope, which it is difficult to obtain without increasing losses in the bandpass of the filter and keeping this band-pass flat. This is why the narrowest filters operating in high frequency are design usually with a not really abrupt ramp-up/ramp-down to avoid adding extra losses. Based on this, it would make reasonable to test the Lowest channel bandwidths.
However, the channel bandwidth with Higher band pass are especially sensible to obtain ramp-down with high slope with filters whose size is small, so it is interesting to test this option as well.
Observation 7: Test the Lowest and Highest seems to cover the most critical situations.
Although the most critical scenarios are covered by Lowest and Highest channel bandwidths, the LTE approach can be reasonable by adding one additional Mid bandwidth to cover more non-linearity cases with channel bandwidths. Based on it, NR Spectrum Emission Mask might be tested for Lower, Mid and Highest.
Proposal 4: Test the Lowest, Mid and Highest Channel Bandwidth for Spectrum Emission Mask measurement in FR2.
2.5. Modulations
As it has been introduced this test cases needs to evaluate the UE behaviour in out of band emissions considering modulation process.
Based on out of band emission requirement dependency with modulation process, it seems to be reasonable to test all UL modulations.
Table 2.5-1 Uplink Modulations
	UL Modulations

	

	DFT-s-OFDM PI/2 BPSK

	DFT-s-OFDM QPSK

	DFT-s-OFDM 16 QAM

	DFT-s-OFDM 64 QAM

	DFT-s-OFDM 256 QAM

	CP-OFDM QPSK

	CP-OFDM 16 QAM

	CP-OFDM 64 QAM

	CP-OFDM 256 QAM


If section 4.5.3 in [4] is analysed, the spectrum utilisation and the transmission bandwidth are different depending on the type of OFDM modulation (CP-OFDM or DFT-s-OFDM) as shown in Tables below:
CP-OFDM (Tables obtained from section 4.5.3.1 in [4])
Table 4.5.3.1-1: Range 1 NR UE and BS maximum RB allocation for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	66
	132
	264
	N/A

	120
	32
	66
	132
	264


Table 4.5.3.1-2: Range 1 NR UE and BS transmission bandwidths in MHz for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	47.52
	95.04
	190.08
	N/A

	120
	46.08
	95.04
	190.08
	380.16


Table 4.5.3.1-3: Range 1 NR UE and BS spectrum utilization for CP-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	95.0%
	95.0%
	95.0%
	N/A

	120
	92.2%
	95.0%
	95.0%
	95.0%


Table 4.5.2.3-4: Range 1 NR UE and BS minimum guard band sizes (kHz) for CP-OFDM

	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	1210
	2450
	4930
	N/A

	120
	1900
	2420
	4900
	9860


DFT-s-OFDM (Tables obtained from section 4.5.3.2 in [4])
Table 4.5.3.2-1: Range 1 NR UE maximum RB allocation for DFT-s-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	64
	128
	264
	N/A

	120
	32
	64
	128
	264


Table 4.5.3.2-2: Range 1 NR UE transmission bandwidths in MHz for DFT-s-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	46.08
	92.16
	190.08
	N/A

	120
	46.08
	92.16
	184.32
	380.16


Table 4.5.3.2-3: Range 1 NR UE spectrum utilization for DFT-s-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	92.2%
	92.2%
	95.0%
	N/A

	120
	92.2%
	92.2%
	92.2%
	95.0%


If each table in CP-OFDM modulation is compared with its corresponding table in DFT-s-OFDM modulation:
· For a specific SCS and ChBw the number of resource blocks for DFT-s modulations is equal or lower than the used by CP modulations.
· UE spectrum utilization can be smaller for DFT-s-OFDM than for CP-OFDM.
Observation 8: Due to the different behaviour between DFT-s-OFDM and CP-OFDM modulations the testing for both types of modulations would be required (DFT-s and CP modulations).
Observation 9: According to the knowledge about the OFDM modulations behaviour, it is known that the highest OFDM modulation orders tend to present higher non-linearity, and higher PAPR (Peak to Average Power Ratio), than lower modulations orders. Although the modulations with less non-linearity are based on pi/2-BPSK and QPSK modulations, it would be necessary to test them to discard any problem with this modulations in UE.
Considering the analysis of CCDFs for all the NR signals done in [5], the following reduction about modulation can be used:
· Consider limiting of testing to only QPSK CP-OFDM from among CP-OFDM modulations,

· Consider limiting of testing to only one of 64QAM or 256QAM DFT-s-OFDM.
Proposal 5: Test the following UL modulations supported by UE: DFT-s-OFDM PI/2 BPSK, DFT-s-OFDM QPSK, DFT-s-OFDM 16 QAM, DFT-s-OFDM 64 QAM, CP-OFDM QPSK,) for Spectrum Emission Mask measurement in FR2.

2.6. Uplink Configuration
This section pretends to evaluate the uplink configuration to test in test case NR Spectrum Emission Mask for FR2 in terms of the number of allocated resource blocks and the start position for these resource blocks.
Focused on Outer resource allocations: Only the full allocation is considered. Based on baseline defined in LTE for the UL CA test points, some of most critical situations are related to allocate partial resource blocks in the edge of the transmitter bandwidth. 
Observation 10: It would seem to be necessary to consider some critical test points to test, for NR Spectrum Emission Mask in FR2, which would cover either 1 RB allocation with start 0 for Lower Frequency or 1 RB allocation with start LCRBmax – 1 for Highest Frequency. 
With the purpose to reduce testing time, it is estimated that the impact of Inner allocations on the unwanted power emissions out of band might be low. 
Observation 11: The configuration table in NR Spectrum Emission Mask can include only the Outer RB allocations which can contribute to the unwanted emissions and not include the Inner allocations.
Proposal 6: Test Outer full RB allocations for NR Spectrum Emission Mask in FR2 but adding new test points to cover either 1 RB allocation with start 0 for Lower Frequency or 1 RB allocation with start LCRBmax – 1 for Highest Frequency.
3. Conclusion
It is proposed that RAN5 discusses and agrees the following proposals for open areas described in section 2 of this document to progress on SA FR2 Spectrum Emission Mask test case definition:

Proposal 1: Define Test Environment as Normal Conditions (NC) for Spectrum Emission Mask measurement in FR2.

Proposal 2: Select the Lowest and Highest SCS supported for UE for Spectrum Emission Mask measurement in FR2.
Proposal 3: Test Low and High Frequencies for Spectrum Emission Mask measurement in FR2.
Proposal 4: Test the Lowest, Mid and Highest Channel Bandwidth for Spectrum Emission Mask measurement in FR2.

Proposal 5: Test the following UL modulations supported by UE: DFT-s-OFDM PI/2 BPSK, DFT-s-OFDM QPSK, DFT-s-OFDM 16 QAM, DFT-s-OFDM 64 QAM, CP-OFDM QPSK, for Spectrum Emission Mask measurement in FR2.
Proposal 6: Test Outer full RB allocations for NR Spectrum Emission Mask in FR2 but adding new test points to cover either 1 RB allocation with start 0 for Lower Frequency or 1 RB allocation with start LCRBmax – 1 for Highest Frequency.
4. Number of test points

Along this document several proposals have been stated for different configuration parameters. In all of cases the analysis has been focused on reducing testing time without losing coverage in UE testing for NR.

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	1
	2
	3
	2
	13
	108


Due to Proposal 6, the number of test points do not have a straight forward calculation considering the combination of all factors between them. Special RB allocation are tested only in one frequency (1 RB allocation with start 0 for Lower Frequency or 1 RB allocation with start LCRBmax – 1 for Highest Frequency).
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