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1.	Introduction
A default baseline for test point selection for TRx test cases was presented in [1] at RAN5#1 5G NR Adhoc meeting, where some proposals for environmental conditions, test frequencies, channel bandwidths, subcarrier spacing and RB allocation for FR1 were based on LTE. Finally, it was stated that each test case would require specific analysis to conform its test configuration table based on the study for Frequency, Channel BW, SCS, RB allocation (including modulations).
This was done first independently for MPR, SEM and ACLR and then, as the outcome of R5-197586 [2] in RAN5#84 merged into a common test point analysis in RAN5#89-e [3]. Such combined analysis has been subsequently revised in [4], [5], [6] and [7].
However, some corrections are needed in latest version of such analysis in 38.905 [8]. This document describes the aspects to be corrected and makes a proposal to fix 38.905 [8].
2.	Discussion
2.1. Test Subcarrier Spacing
In [8], when test Subcarrier Spacing is evaluated for FR2 MPR test, it is indicated that it can be leveraged from FR1 and hence lowest and Highest SCS should be used. However, it is important to clarify that, for 400 MHz channel bandwidth, SCS= 60 kHz is not defined, hence only SCS=120 kHz applies.
Proposal 1: Clarify in SCS section for FR2 MPR test that, for 400 MHz channel bandwidth, SCS= 60 kHz is not defined, hence only SCS=120 kHz applies.
Regarding the SCS for FR2 SEM and ACLR, maximum transmission bandwidth configuration either in number of resource blocks as well as in MHz, Minimum guardband and spectrum utilization are analized for different CBW and SCS. This is also done in the UL modulation and RB allocation section. However, there are some inconsistencies: while in SCS section it is done without any difference between waveforms, in UL modulation and RB allocation section, the analysis differentiates the value of those parameters per waveform. The latest is the correct approach.
Proposal 2: Merge maximum transmission bandwidth configuration in number of resource blocks and MHz, Minimum guardband and spectrum utilization under the SCS section differenttiating values per waveform and refer to such analysis in the UL Modulation and RB allocation section. Update observations accordingly.
However, it should be noticed that in [9] section 4.5.3.2 for DFT-s OFDM there are a couple of incorrect values in the maximum number of resource block allocation for (SCS=60kHz, CBW=200MHz) and (SCS=120kHz, CBW=400MHz), as according to [10] section 6.3.1.4 the RB allocation for PUSCH has some constraints as shown below if transform precoding is enabled:
[image: ]
Hence, 264 is not an allowed allocation and needs to be updated to 256 for (SCS=60kHz, CBW=200MHz) and (SCS=120kHz, CBW=400MHz).
Proposal 3: Correct maximum transmission bandwidth configuration in NRB and MHz, Minimum guardband and spectrum utilization for DFTs-OFDM as 256 for (SCS=60kHz, CBW=200MHz) and (SCS=120kHz, CBW=400MHz) compared to [9].
As minimum guardband is differentiated per waveform, the analysis of secondary lobes from subcarriers needs to be updated accordingly. Additionally, the units for such parameter needs to be corrected and it is convinient to round their values to the closer integer value fitting in the guardband. 
Proposal 4: Split number of secondary lobes per waveform, correct the unit shown in the table and convert it to an integer lowering down to the lower closer integer.
2.2. UL Modulation and RB allocation
FR2 MPR minimum conformance requirements added in this section are obsolete and need an update. To be noticed that FR2 MPR minimum conformance requirements have diverged in Rel-16 and forward for power class 3 devices (although it does not impact to the test points analysis conclusions).
Proposal 5: Update FR2 MPR minimum conformance requirements including the deviation in Rel-16 and forward too.
It should be noticed that existing test points defined for FR2 MPR test in [11] are not aligned with observation 11 and Proposal 5 in [8]. It seems the correct way forward is to align these observations and proposals with current test points definition using the same rationale as the one used for SEM and ACLR tests. 
To highlight that there is a correction needed in UL Modulations and waveforms for SEM and ACLR in Table 2.5-1 in [8] as 256 QAM has not yet been defined for the uplink (just for the downlink).
Proposal 6: Remove 256 QAM from UL Modulations and waveform applicable to SEM and ACLR tests and update comments derived from this table.
Proposal 7: Define UL Modulations and waveforms for FR2 MPR test in a similar way as for SEM and ACLR tests.
Regarding RB allocations for FR2 MPR test, it is not clear in Observation 12 what each MPR minimum conformance requirement means (it could be misunderstood as MPRWT, MRnarrow). A clarification indicating that it refers to each region defined in MPR minimum conformance requirement is needed. 
[image: ]
Proposal 8: Clarify in Observation 12 that each MPR minimum conformance requirement means each region defined in MPR minimum conformance requirement.
Additionally, Observation 12 should also become a proposal to reflect the outcome of FR2 MPR UL RB allocations.
Proposal 9: Add new proposals (new proposals 5 and 6) to reflect FR2 MPR UL RB allocations conclusion.
Finally, the reference to the analysis of CCDFs for all NR signals was missing after the merge in [3].
Proposal 10 Recover missing reference on CCDF analysis for all NR signals.
3. 	Conclusion
This document describes the aspects to be corrected in 38.905 regarding the combined test point analysis for MPR, SEM and ACLR and makes the following proposals:
Proposal 1: Clarify in SCS section for FR2 MPR test that, for 400 MHz channel bandwidth, SCS= 60 kHz is not defined, hence only SCS=120 kHz applies.
Proposal 2: Merge maximum transmission bandwidth configuration in NRB and MHz, Minimum guardband and spectrum utilization under the SCS section differentiating values per waveform and refer to such analysis in the UL Modulation and RB allocation section. Update observations accordingly.
Proposal 3: Correct maximum transmission bandwidth configuration in NRB and MHz, Minimum guardband and spectrum utilization for DFTs-OFDM as 256 for (SCS=60kHz, CBW=200MHz) and (SCS=120kHz, CBW=400MHz) compared to [9].
Proposal 4: Split number of secondary lobes per waveform, correct the unit shown in the table and convert it to an integer lowering down to the lower closer integer.
Proposal 5: Update FR2 MPR minimum conformance requirements including the deviation in Rel-16 and forward too.
Proposal 6: Remove 256 QAM from UL Modulations and waveform applicable to SEM and ACLR tests and update comments derived from this table.
Proposal 7: Define UL Modulations and waveforms for FR2 MPR test in a similar way as for SEM and ACLR tests.
Proposal 8: Clarify in Observation 12 that each MPR minimum conformance requirement means each region defined in MPR minimum conformance requirement.
Proposal 9: Add new proposals (new proposals 5 and 6) to reflect FR2 MPR UL RB allocations conclusion.
Proposal 10: Recover the missed reference on CCDF analysis for all NR signals.
All the above proposals are shown in Annex 1 with highlighted changes and are submitted for approval in [12]. 
To be noticed that none of the described changes has an impact on existing test points for FR2 MPR, SEM and ACLR tests defined in [11].
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Annex 1

Title: 	Discussion on test point selection for MPR, NR ACLR and SEM in FR2
[bookmark: DocumentFor]Source: 	Ericsson, Keysight Technologies, Rohde & Schwarz, CAICT, Sporton
Introduction
A default baseline for test point selection for TRx test cases was presented in [1] at RAN5#1 5G NR Adhoc meeting, where some proposals for environmental conditions, test frequencies, channel bandwidths, subcarrier spacing and RB allocation for FR1 were based on LTE. Finally, it was stated that each test case would require specific analysis to conform its test configuration table based on the study for Frequency, Channel BW, SCS, RB allocation (including modulations).
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 Maximum Power Reduction (MPR), Spectrum Emission mask (SEM) and Adjacent Channel Leakage Ratio (ACLR) tests in FR2. Firstly, single transmission case is done, then ACLR UL-MIMO case is provided with exception test points analysis based on the outcome from comparing the minimum requirements and waveforms allowed.
This paper tries to follow endorsed proposals in R5-197586 [6] in RAN5#84:
[image: ]
The baseline for this combined MPR, ACLR and SEM analysis is, as per 38.905 v16.5.0 [7]: 
38.521-2_TPanalysis_6.2.2_MPR_v2.zip
38.521-2_TPanalysis_6.5.2.1_SEM.zip
38.521-2_TPanalysis_6.5.2.3_ACLR.zip
The above 3 papers were replaced by this combined analysis:
38.521-2_TPanalysis_6.2A.2_MPR_6.5.2.1_SEM_6.5.2.3_NR_ACLR.zip
And subsequent revisions.
Discussion
Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration aspects.
Test Environment
Test environment for SEM measurement for LTE and FR1 in [1] is Normal Conditions. This test environment can be also leveraged for FR2.
Test environments MPR and ACLR for LTE and FR1 in [1] are Normal and Extreme Conditions. This could be leveraged for FR2. Similar as FR1, SEM could be only tested in NC.
Summary:
Proposal 1: Define Test Environment for SEM, ACLR and MPR in FR2 as per the table below

Table 2.1-1 Test environment configuration summary
	Test Case
	Test Environment

	MPR
	NC, TH, TL

	ACLR
	NC, TH, TL

	SEM
	NC






Test Subcarrier Spacing
The goal of this section is to expose technical reasons to select the SCS to be tested in NR ACLR, MPR and SEM in 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.
MPR aspects:
In NR FR1, Test Subcarrier Spacing for MPR test case is Lowest and Highest supported subcarrier spacing. This can be leveraged for FR2. To be noticed that for 400 MHz channel bandwidth SCS= 60 kHz is not defined, hence only SCS=120 kHz applies.
ACLR and SEM aspects:
The following aspects have been considered:
Spectrum utilization and Minimum GuardBand
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 2.2-1: Range 1 NR UE and BS maximum RB allocation for CP-OFDM (from [4] Table 4.5.3.1-1)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	66
	132
	264
	N/A

	120
	32
	66
	132
	264




Table 2.2-1a: Range 1 NR UE and BS transmission bandwidths in MHz for CP-OFDM (from [4] Table 4.5.3.1-2)
	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 2.2-1b: Range 1 NR UE and BS spectrum utilization for CP-OFDM (from [4] Table 4.5.3.1-3)
	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 2.2-1c: Range 1 NR UE and BS minimum guard band sizes (kHz) for CP-OFDM (from [4] Table 4.5.3.1-4)

	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 [8])
Table 2.2-2: Range 1 NR UE maximum RB allocation for DFT-s-OFDM (from [4] Table 4.5.3.2-1)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	64
	128
	264
	N/A

	120
	32
	64
	128
	264



Table 2.2-2a: Range 1 NR UE transmission bandwidths in MHz for DFT-s-OFDM (from [4] Table 4.5.3.2-2)
	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 2.2-2b: Range 1 NR UE spectrum utilization for DFT-s-OFDM (from [4] Table 4.5.3.2-1)
	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%



To be noticed that there are 2 typos in Table 4.5.3.2-1 in [4] above as RF allocation for DFT-s OFDM waveform needs to comply with . Hence 264 should be replaced by 256.
Table 2.2-3: Range 1 NR UE maximum RB allocation for DFT-s-OFDM (correction on [4] Table 4.5.3.2-1)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	64
	128
	256
	N/A

	120
	32
	64
	128
	256



Table 2.2-3a: Range 1 NR UE transmission bandwidths in MHz for DFT-s-OFDM (correction on [4] Table 4.5.3.2-2)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	46.08
	92.16
	184.32
	N/A

	120
	46.08
	92.16
	184.32
	368.04



Table 2.2-3b: Range 1 NR UE spectrum utilization for DFT-s-OFDM (correction on [4] Table 4.5.3.2-1)
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	92.2%
	92.2%
	92.2%
	N/A

	120
	92.2%
	92.2%
	92.2%
	92.2%



Table 2.2-3c: Range 1 NR UE minimum guard band sizes (kHz) for DFT-s-OFDM
	SCS [kHz]
	BS / UE Channel bandwidths [MHz]

	
	50
	100
	200
	400

	60
	1210
	2450
	4930
	N/A

	120
	1900
	2420
	4900
	9860



NOTE: The minimum guardbands in Table 2.2.3c have been calculated using the following equation: (BWChannel x 1000 (kHz) - NRB x SCS x 12) / 2 - SCS/2 as indicated in [2] section 5.3.3.
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.
[bookmark: _Hlk506562083][bookmark: _Hlk506562173][bookmark: _Hlk506562281]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 and CP-OFDM but with higher SCS for 50 MHz channel bandwidth and DFTs-OFDM. 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. 
[bookmark: _Hlk506563906]In Tables 2.2-1c and 2.2-3c 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 much 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 for CP-OFDM
	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




[bookmark: _Hlk506563407]
Tables 2.2-4 depicts the number of secondary lobs inside the guardband. The most of cases show It can be seen 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.
[bookmark: _Hlk506563574]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 protecting 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, lowest SCS might be more affected by this problem and each subcarrier can be wider and the transmission bandwidth might be slightly 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.
Measurement Method:
In SEM test case, power is measured using TRP what takes significant larger time than EIRP measurements used in MPR and ACLR test cases. For that reason, in order to optimize testing time, is proposed to test SEM only with Highest SCS.

Summary:
Proposal 2: Select SCS for MPR, ACLR and SEM in FR2 as per the table below
Table 2.2-5 Test subcarrier spacing summary
	Test Case
	Test Subcarrier Spacing

	MPR
	Lowest, Highest SCS

	ACLR
	Lowest, Highest SCS

	SEM
	Highest SCS






1.1. Test Frequencies
MPR Aspects
In NR FR1, Test Frequencies for MPR test case are Low range and High range test frequencies. This can be leveraged for FR2.
ACLR Aspects
[bookmark: _Hlk506565276]In LTE, Adjacent Channel Leakage Ratio measurement is tested for Low, Mid and High frequencies. This criteria criterion is reasonable to verify different behaviours of the UE transmitter for different frequencies due to non-linearity based on the frequency.
[bookmark: _Hlk506575453]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 the 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 would be 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 for ACLR with the frequency variation obtaining a timing reduction in test as well. This criteriona is even applied for this kind of bands which are really wide.
SEM Aspects
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. 
In [8] it was discussed that Low/High frequencies need to be tested mainly because of the front-end architecture of the UEs, utilizing band specific RF filters.
The following quote was stated in [8]:
[bookmark: _Hlk506571759]“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:”
This is certainly true for FR1 where band specific filters are used in the RF front-ends of the UEs. For FR2 the discussion came up whether those devices actually use specific front-end filters for each band or at all.
RAN4 has discussed some reference architectures for devices operating in FR2 in the context of defining assumptions to later derive UE requirements. In Figure 1 a reference architecture from [10] can be seen, which was approved by RAN4 in [11]. As can be seen from the drawing, the FR1 bands utilize RF filters. However, for the FR2 bands some filters are only implemented in front of the receiver LNA and not in the transmit chain of the device.
[image: ]
Figure 1 NSA reference architecture according to [4]
Taking this information into account it can be concluded that it is not necessary to test the Low/High frequencies because of the filter implementation of the UE. It would be sufficient to use a single test point of the band under test so only Mid frequency range will be tested. In order to ensure that SEM test points are a subset of the MPR test points, that will imply that Mid frequency range will also need to be tested in MPR and for consistency should be added to ACLR. In order to optimize testing time, please refer to section 2.5 about which RB allocations will be tested in Mid frequency. 
Summary:
Proposal 3: Select Test frequencies for MPR, ACLR and SEM in FR2 as per the table below
Table 2.3-1 Test frequencies summary
	Test Case
	Test Frequencies

	MPR
	Low, Mid, High

	ACLR
	Low, Mid, High

	SEM
	Mid






Test Channel Bandwidth
[bookmark: _Hlk506571898]MPR Aspects
In NR FR2, MPRWT for Channel Bandwidth 50/100/200 MHz are same, while MPRWT for Channel Bandwidth 400 MHz are different with Channel Bandwidth 50/100/200 MHz. MPR test should cover all the different requirements. In NR FR1, Test Channel Bandwidth for MPR test case is Lowest and Highest test channel bandwidth for different MPR requirements. This can be leveraged for MPR test in FR2.
Observation 6: Test the Lowest and Highest supported channel bandwidth seems to cover the most critical situations for MPR requirement in FR2.
SEM Aspects
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 7: Test the Lowest, 100 MHz, 200 MHz and Highest would cover all situations defined in LTE.
[bookmark: _Hlk506571954]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 designed usually with a not really abrupt ramp-up/ramp-down to avoid adding extra losses. Based on this, it would make be reasonable to test the Lowest channel bandwidths.
[bookmark: _Hlk506573589][bookmark: _Hlk506573609]However, the channel bandwidth with Higher bandpass are is 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.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]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.
Observation 8: Test the Lowest, Mid and Highest seems to cover the most critical situations for SEM.
ACLR Aspects:
In LTE, Adjacent Channel Leakage Ratio 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 Adjacent Channel Leakage Ratio for FR2 might be tested for 50, 100, 200 and 400 MHz, corresponding to Lowest, Highest and two middle channel bandwidths.
Observation 9: 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 bandpass isare 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 10: Test the Lowest and Highest seems to cover the most critical situations.
Based on the observations above and in order to ensure test points for SEM and ACLR tests are a sub-set of the MPR test points, it is proposed then to test only lowest and Highest channel bandwidth only also for SEM and ACLR tests.
Summary:
Proposal 4: Select Test channel bandwidth for MPR, ACLR and SEM in FR2 as per the table below
Table 2.4.1-1 Test channel bandwidth summary
	Test Case
	Test Channel Bandwidth

	MPR
	Lowest, Highest

	ACLR
	Lowest, Highest

	SEM
	Lowest, Highest






UL Modulation and RB Allocation
[bookmark: _Hlk506574410]As it has been introduced this these test cases needs to evaluate the UE behaviour in MPR, ACLR and SEM considering modulation and RB allocation.
MPR Aspects
The selection of test points for Test Channel Bandwidth, Uplink Modulation and RB allocation should be based on the Minimum conformance requirements for MPR in [2], which are extracted as bellow:
[bookmark: _Toc5266464]6.2.2	UE maximum output power reduction
6.2.2.0	General
[bookmark: _Hlk520275743]The requirements in section 6.2.2 only apply when both UL and DL of a UE are configured for single CC operation, and they are of the same bandwidth. A UE may reduce its maximum output power due to modulation orders, transmit bandwidth configurations, waveform types and narrow allocations. This Maximum Power Reduction (MPR) is defined in clauses below. The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, and PRACH shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation. The allowed MPR for PUCCH format 2 shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation.subsections below. When the maximum output power of a UE is modified by MPR, the power limits specified in subclause 6.2.4 apply.
For a UE that is configured for single CC operation with different channel bandwidths in UL and DL, the requirements in section 6.2A.2 apply.
For all power classes, the waveform defined by BW = 100 MHz, SCS = 120 KHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.

[bookmark: _Toc5266465]6.2.2.1	UE maximum output power reduction for power class 1
For power class 1, MPR for contiguous allocations is defined as:
MPR = max(MPRWT, MPRnarrow)
Where,
	MPRnarrow = 14.4 dB, when BWalloc,RB ≤is less than or equal to 1.44 MHz, MPRnarrow = 10 dB, when 1.44 MHz < BWalloc,RB ≤ 10.8 MHz, where BWalloc,RB is the bandwidth of the RB allocation size.
	MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in table 5.3.2-1, and waveform types. MPRWT is defined in Tables 6.2.2.1-1 and 6.2.2.1-2.
Table 6.2.2.1-1 MPRWT for power class 1, BWchannel ≤ 200 MHz
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations 
	Inner RB allocations

	
	
	RBstart ≥ Ceil(1/3 NRB)
AND
RBend ≤ Ceil(2/3 NRB)Region 1
	RBstart  <  Ceil(1/3 NRB)
OR
RBend  >  Ceil(2/3 NRB)Region 2

	DFT-s-OFDM
	PI/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.0

	
	16 QAM
	≤ 6.5
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 6.5
	≤ 5.0
	≤ 5.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 4.5
	≤ 4.5

	
	16 QAM
	≤ 7.0
	≤ 5.5
	≤ 5.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5



Table 6.2.2.1-2 MPRWT for power class 1, BWchannel = 400 MHz
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations 
	Inner RB allocations

	
	
	[RBstart ≥ Ceil(1/4 NRB)  
AND 
RBend ≤ Ceil(3/4 NRB) AND 
LCRB≤Ceil(1/4 NRB)]Region 1
	[RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB>Ceil(1/4 NRB)]Region 2

	DFT-s-OFDM
	PI/2 BPSK
	≤ 5.5
	0.0
	≤ 3.0

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 6.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 7.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0
	≤ 9.0



Where RBend = RBStart + LCRB, and the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocationsin Tables 6.2.2.1-1 and 6.2.2.1-2:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBend = RBStart + LCRB 
RBStart,Low = Mmax(1, floor(LCRB/2))
where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.
RBStart,High = NRB – RBStart,Low – LCRB
The An RB allocation is an Inner Outer RB allocation if the following conditions are met
RBStart < RBStart,Low OR RBStart > RBStart,High OR LCRB > Ceil(NRB/2)RBStart,Low ≤ RBStart ≤ RBStart,High,
and
LCRB ≤ ceil(NRB/2)
where ceil(x) is the smallest integer greater than or equal to x.
An RB allocation belonging to table 6.2.2.1-1 is a Region 1 inner RB allocation if 
RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)
An RB allocation belonging to table 6.2.2.1-2 is a Region 1 inner RB allocation if
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
An RB allocation is a Region 2 inner allocation if it is NOT an Outer allocation AND NOT a Region 1 inner allocation
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation.
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.4 apply.
[bookmark: _Toc5266466]6.2.2.2	UE maximum output power reduction for power class 2
For power class 2, MPR specified in clause 6.2.2.3 applies.
Table 6.2.2.2-1: Void
For power class 2, MPR for contiguous allocations is defined as:
MPR = max(MPRWT, MPRnarrow)
Where,
-	MPRnarrow = 2.5 dB, when the allocated RB size is less than or equal to 1.44MHz, and 0≤RBstart≤Ceil(1/3 NRB) or Ceil(2/3NRB)≤RBstart≤NRB-LCRB
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.2-1.
Table 6.2.2.2-1 MPRWT for power class 2
	
	
	Channel Bandwidth / MPRWT

	
	
	50 / 100 / 200 MHz
	400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	1.5
	3.0

	
	QPSK
	1.5
	3.0

	
	16QAM
	3
	4.5

	
	64QAM
	5
	6.5

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	5
	6.5

	
	64QAM
	7.5
	9.0


[bookmark: _Toc5266467]6.2.2.3	UE maximum output power reduction for power class 3
In Rel-15: 
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
Where,
MPRnarrow = 2.5 dB, when BWalloc,RB≤ the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart ≤ Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1 and Table 6.2.2.3-2.
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz
	
	
	MPRWT, BWchannel ≤ 200 MHz

	
	
	Inner RB allocations, Region 1  RBstart ≥ Ceil(1/3 NRB)  AND 
RBend ≤ Ceil(2/3 NRB)
	Edge RB allocationsRBstart  <  Ceil(1/3 NRB) OR
RBend  >  Ceil(2/3 NRB)

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16QAM
	≤ 3.0
	≤ 3.5

	
	64QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16QAM
	≤ 5.0
	≤ 5.0

	
	64QAM
	≤ 7.5
	≤ 7.5



Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz
	
	
	MPRWT, BWchannel = 400 MHz

	
	
	Inner RB allocations, Region 1  RBstart ≥ Ceil(1/4 NRB)  AND 
RBend ≤ Ceil(3/4 NRB) 
AND 
LCRB≤Ceil(1/4 NRB)
	Edge RB allocationsRBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR 
LCRB>Ceil(1/4 NRB) 

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16QAM
	≤ 4.5
	≤ 4.5

	
	64QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16QAM
	≤ 6.5
	≤ 6.5

	
	64QAM
	≤ 9.0
	≤ 9.0



Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Tables 6.2.2.3-1 and 6.2.2.3-2: 
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1. 
RBend = RBStart + LCRB 
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if 
RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)
An RB allocation belonging to table 6.2.2.3-2 is a Region 1 inner RB allocation if 
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
An RB allocation is an Edge allocation if it is NOT a Region 1 inner allocationIn Rel-16:
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
For transmission bandwidth configuration less than or equal to 200MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB:
-	MPRnarrow = 2.5 dB, when BWalloc,RB is less than or equal to 1.44 MHz, 
-	MPRnarrow = 2.0 dB, when 1.44 MHz < BWalloc,RB <= 4.32 MHz,
-	otherwise MPRnarrow = 0 dB.
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1.
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz
	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5



Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Table 6.2.2.3-1:
-	RBStart,Low = max(1, LCRB), where max() indicates the largest value of all arguments.
-	RBStart,High = NRB – RBStart,Low – LCRB,
An RB allocation belonging to table 6.2.2.3-1 is a Region 1 inner RB allocation if:
-	RBStart,Low  ≤  RBStart  ≤  RBStart,High, and LCRB  ≤  ceil(NRB/3), where ceil(x) is the smallest integer greater than or equal to x.
For transmission bandwidth configuration equal to 400MHz,
MPRnarrow = 2.5 dB, when BWalloc,RB is less than or equal to 1.44 MHz, and 0 ≤ RBstart < Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤ NRB-LCRB, where BWalloc,RB is the bandwidth of the RB allocation size.
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-2.

Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0



Where the following parameters are defined to specify valid RB allocation ranges for RB allocations in Table 6.2.2.3-2:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBend = RBStart + LCRB - 1
An RB allocation belonging to table 6.2.2.3-2 is a Region 1 inner RB allocation if
RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
For all transmission bandwidth configurations, an RB allocation is an Edge allocation if it is NOT a Region 1 inner allocation.
Where RBend = RBStart + LCRB
[bookmark: _Toc5266468]6.2.2.4	UE maximum output power reduction for power class 4
For power class 4, MPR specified in clause 6.2.2.3 applies.
Table 6.2.2.4-1: Void
For power class 4, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
Where,
 MPRnarrow = 2.5 dB, when the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart ≤ Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.4-1.
Table 6.2.2.4-1 MPRWT for power class 4
	
	
	Channel Bandwidth / MPRWT

	
	
	50 / 100 / 200 MHz
	400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	1.5
	3.0

	
	QPSK
	1.5
	3.0

	
	16QAM
	3
	4.5

	
	64QAM
	5
	6.5

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	5
	6.5

	
	64QAM
	7.5
	9.0



According to the above MPR requirement and the consideration of Crest Factors, 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

	CP-OFDM QPSK

	CP-OFDM 16 QAM

	CP-OFDM 64 QAM



As mentioned in section 2.2, the spectrum utilisation is different depending on the type of OFDM modulation (CP-OFDM or DFT-s-OFDM). 
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 11: Due to the different behaviour between DFT-s-OFDM and CP-OFDM waveforms, the testing of both types of waveforms would be required (DFT-s and CP waveform).
Observation 12: 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 these modulations in UE.
when the waveform is same, the highest modulation order is the most critical case, and when modulation order is same, CP-OFDM is more critical than DFT-s-OFDM for MPR in FR2. Since FR2 testing is more time consuming it is proposed to only select the most critical waveform and modulation order for the same MPR requirement.
Observation 11: To cover the most critical situations, select the most critical waveform and modulation order for the test of the same MPR requirement, which is, if the waveform is same, select the max modulation order, if the modulation order is same, select CP-OFDM waveform. For DFT-s-OFDM with high modulation order and CP-OFDM with low modulation order, since it is hard to say which is more critical, both should be tested.
In LTE and NR FR1, MPR is tested for the largest RB allocation and the Outer 1RB allocation for each MPR minimum conformance requirement. Basically FR2 MPR testing should follow that and test the largest RB allocation and Outer 1RB allocation(or the narrowest Outer RB allocation) for each region defined in MPR minimum conformance requirement. The narrow RB allocation at left edge for Lowest Frequency and narrow RB allocation at right edge for Highest Frequency are considered as the most critical case.
Observation 132: To cover the most critical situations, select the largest RB allocation and the Outer 1RB allocation(or the narrowest Outer RB allocation) for each region defined in MPR minimum conformance requirement. Select the narrow Uplink RB allocation at left edge for Lowest Frequency and narrow RB allocation at right edge for Highest Frequency for different requirement for MPR in FR2.
[bookmark: _Hlk98501281]Proposal 5: Select the largest RB allocation and the Outer 1RB allocation (or the narrowest Outer RB allocation) for each region defined in MPR minimum conformance requirement. Select the narrow Uplink RB allocation at left edge for Lowest Frequency and narrow RB allocation at right edge for Highest Frequency for different requirement for MPR in FR2.
Based on the two observations above, in order to save testing time, it is proposed to test Outer Full RB allocations and Inner full RB allocations only at mid frequency range, given low and high frequency ranges will be well covered by edge partial allocations.
[bookmark: _Hlk98501302]Proposal 6: Test Outer Full RB allocations and Inner full RB allocations only at mid frequency range in MPR test.
SEM and ACLR Aspects:
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



As mentioned in section 2.2If section 4.5.3 in [4] is analysed, the spectrum utilisation and the transmission bandwidth are is 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 [8])
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 1314: Due to the different behaviour between DFT-s-OFDM and CP-OFDM modulations waveforms the testing for both types of modulations waveforms would be required (DFT-s and CP modulationswaveforms).
Observation 1415: 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 these modulations in UE.
[bookmark: _Hlk511153984]Considering the analysis of CCDFs for all the NR signals done in [912], the following reduction about modulation can be used:
· Consider limiting of testing to only QPSK CP-OFDM from among CP-OFDM modulations,
· All DFTs-OFDM modulations should be tested (as Consider limiting of testing to only one of 64QAM or 256QAM DFT-s-OFDM is not defined for UL).
Observation 1516: To cover the most critical situations, 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.
Summary:
Proposal 7: Test all modulations and waveforms in MPR test.5: Select the most critical waveform and modulation order for the test of the same MPR requirement, which is, if the waveform is same, select the max modulation order, if the modulation order is same, select CP-OFDM waveform. For DFT-s-OFDM with high modulation order and CP-OFDM with low modulation order, since it is hard to say which is more critical, both should be tested for MPR in FR2.
Proposal 68: For ACLR and MPR, select the largest RB allocation and the Outer 1RB allocation(or the narrowest Outer RB allocation) for each MPR minimum conformance requirement. Select the narrow Uplink RB allocation at left edge for Lowest Frequency, narrow RB allocation at right edge for Highest Frequency and largest RB allocation for Mid frequency range for different requirements for MPR in FR2.
Proposal 79: For SEM, given only Mid frequency range will be tested and given its larger testing time due to TRP measurement method, select only the largest RB allocation. 
Proposal 810: Select UL modulation and RB allocation for ACLR and SEM in FR2 as per the table below
Table 2.5.1-1 UL modulation and RB allocation summary
	Test Case
	UL Modulation
	RB Allocation

	ACLR
 (Power Class 1)
	DFT-s-OFDM PI/2 BPSK, 
DFT-s-OFDM QPSK, 
DFT-s-OFDM 16 QAM, 
DFT-s-OFDM 64 QAM,
CP-OFDM QPSK
	Outer 8RB, Outer full
Outer 8RB, Outer full
Outer 8RB, Outer full
Outer 8RB, Outer full
Outer 8RB, Outer full

	ACLR
(Power Class 2, 3 and 4)
	DFT-s-OFDM PI/2 BPSK, DFT-s-OFDM QPSK, 
DFT-s-OFDM 16 QAM, 
DFT-s-OFDM 64 QAM,
CP-OFDM QPSK
	Outer 1RB, Outer full
Outer 1RB, Outer full
Outer 1RB, Outer full
Outer 1RB, Outer full
Outer 1RB, Outer full

	SEM 

	DFT-s-OFDM PI/2 BPSK, 
DFT-s-OFDM QPSK, DFT-s-OFDM 16 QAM, 
DFT-s-OFDM 64 QAM
CP-OFDM QPSK
	Outer full
Outer full
Outer full
Outer full
Outer full














Number of Test Points

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

	6.2.2 MPR
	1
	1(Note 1)
	2
	2
	TBD
	TBD

	6.5.2.1 SEM
	1
	1(Note 1)
	2
	1
	5 
	10

	6.5.2.3 ACLR
	1
	1(Note 1)
	2
	2
	15 
	60

	Note 1: Outer xRB left will be tested only with Low frequency range. Outer xRB right will be tested only with High frequency range. Other allocations will be tested only with Mid frequency range.



Exceptions for UL MIMO test 
Extracted from Clause 6.5D.2 [6]
[bookmark: _Toc535317321]6.5D.2	Out of band emission for UL-MIMO
For UE supporting UL-MIMO, the out of band emissions requirements in clause 6.5.2 apply. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1.0-1.
[bookmark: _Toc21340812][bookmark: _Toc29805259][bookmark: _Toc36456468][bookmark: _Toc36469566][bookmark: _Toc37253975][bookmark: _Toc37322832][bookmark: _Toc37324238][bookmark: _Toc45889761][bookmark: _Toc52196421][bookmark: _Toc52197401][bookmark: _Toc53173124][bookmark: _Toc53173493][bookmark: _Toc61119493][bookmark: _Toc61119875][bookmark: _Toc67925929]6.2D.2.3	UE maximum output power reduction for modulation / channel bandwidth for UL MIMO for power class 3
For UEs configured for 2-layer transmission as well as UEs configured for single layer uplink full power transmission (ULFPTx), the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2D.1.3-1 is specified in sub-clause 6.2.2.3. The requirements shall be met with configurations specified in sub-clause 6.2D.1.0.
For the UE maximum output power modified by MPR, the power limits specified in clause 6.2D.4 apply.
Observation 1617: Same out of band emission requirements as specified for single layer transmission apply for UE supporting UL-MIMO.
According to [65], CP-OFDM is mandatory to UL-MIMO transmission with two layer data, therefore DFT-s-OFDM is precluded from the test points for UL-MIMO measurement.
Proposal 911: Precluding DFT-s-OFDM, test CP-OFDM QPSK, CP-OFDM 16 QAM, CP-OFDM 64 QAM for NR MPR, ACLR and SEM UL-MIMO measurement in FR2, while the other test parameters are the same as single transmission case.
For Rel-16 UEs supporting uplink full power transmission (ULFPTx), the requirements specified in TS 38.101-2 clause 6.2D.2 and 6.5D.2 shall be met with the PUSCH configurations specified in Table 6.2D.1.0, based upon UE’s support of uplink full power transmission mode. The PUSCH configuration in Table 6.2D.1.0-2 for ULFPTx includes both DFT-s-OFDM and CP-OFDM.
Proposal 1012: Test points for Rel-16 ULFPTx UE can be the same as single transmission case without exception.
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 FR1 Adjacent Channel Leakage Ratio test case definition:
Proposal 1: Define Test Environment for SEM, ACLR and MPR in FR2 as per the table below
	Test Case
	Test Environment

	MPR
	NC, TH, TL

	ACLR
	NC,TH, TL

	SEM
	NC






Proposal 2: Select SCS for MPR, ACLR and SEM in FR2 as per the table below
	Test Case
	Test Subcarrier Spacing

	MPR
	Lowest, Highest SCS

	ACLR
	Lowest, Highest SCS

	SEM
	Highest SCS






Proposal 3: Select Test frequencies for MPR, ACLR and SEM in FR2 as per the table below
	Test Case
	Test Frequencies

	MPR
	Low, Mid, High

	ACLR
	Low, Mid, High

	SEM
	Mid






Proposal 4: Select Test channel bandwidth for MPR, ACLR and SEM in FR2 as per the table below
	Test Case
	Test Channel Bandwidth

	MPR
	Lowest, Highest

	ACLR
	Lowest, Highest

	SEM
	Lowest, Highest





Proposal 5: Select the most critical waveform and modulation order for the test of the same MPR requirement, which is, if the waveform is same, select the max modulation order, if the modulation order is same, select CP-OFDM waveform. For DFT-s-OFDM with high modulation order and CP-OFDM with low modulation order, since it is hard to say which is more critical, both should be tested for MPR in FR2.
Proposal 5: Select the largest RB allocation and the Outer 1RB allocation (or the narrowest Outer RB allocation) for each region defined in MPR minimum conformance requirement. Select the narrow Uplink RB allocation at left edge for Lowest Frequency and narrow RB allocation at right edge for Highest Frequency for different requirement for MPR in FR2.
Proposal 6: Test Outer Full RB allocations and Inner full RB allocations only at mid frequency range in MPR test.
Proposal 7: Test all modulations and waveforms in MPR test.
Proposal 68: For ACLR and MPR, select the largest RB allocation and the Outer 1RB allocation(or the narrowest Outer RB allocation) for each MPR minimum conformance requirement. Select the narrow Uplink RB allocation at left edge for Lowest Frequency, narrow RB allocation at right edge for Highest Frequency and largest RB allocation for Mid frequency range for different requirement for MPR in FR2.
Proposal 79: For SEM, given only Mid frequency range will be tested and given its larger testing time due to TRP measurement method, select only the largest RB allocation. 
Proposal 810: Select UL modulation and RB allocation for ACLR and SEM in FR2 as per the table below
	Test Case
	UL Modulation
	RB Allocation

	ACLR/SEM 
(Power Class 1)
	DFT-s-OFDM PI/2 BPSK, 
DFT-s-OFDM QPSK, 
DFT-s-OFDM 16 QAM, 
DFT-s-OFDM 64 QAM,
CP-OFDM QPSK
	Outer 8RB, Outer full
Outer 8RB, Outer full
Outer 8RB, Outer full
Outer 8RB, Outer full
Outer 8RB, Outer full

	ACLR/SEM
(Power Class 2, 3 and 4)
	DFT-s-OFDM PI/2 BPSK, DFT-s-OFDM QPSK, 
DFT-s-OFDM 16 QAM, 
DFT-s-OFDM 64 QAM,
CP-OFDM QPSK
	Outer 1RB, Outer full
Outer 1RB, Outer full
Outer 1RB, Outer full
Outer 1RB, Outer full
Outer 1RB, Outer full

	SEM 

	DFT-s-OFDM PI/2 BPSK, 
DFT-s-OFDM QPSK, 
DFT-s-OFDM 16 QAM, 
DFT-s-OFDM 64 QAM,
CP-OFDM QPSK
	Outer full
Outer full
Outer full
Outer full
Outer full












Proposal 911: Precluding DFT-s-OFDM, test CP-OFDM QPSK, CP-OFDM 16 QAM, CP-OFDM 64 QAM for NR MPR, ACLR and SEM UL-MIMO measurement in FR2, while the other test parameters are the same as single transmission case.
Proposal 1012: Test points for Rel-16 ULFPTx UE can be the same as single transmission case without exception.
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Observation 12: To cover the most critical situations, select the largest RB allocation and the Outer 1RB allocation (or
the narrowest Outer RB allocation) for each MPR minimum conformance requirement. Select the narrow Uplink
RB allocation at left edge for Lowest Frequency and narrow RB allocation at right edge for Highest Frequency for
different requirement for MPR in FR2
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For TP analysis in 38.905:      MPR TP analysis  should  aim to cover  RAN4  MPR t able as much as possible      ACLR/SEM TP analys is may only pick t est points already existing in MP R   test (a   su bs e t is OK)      ACLR/SEM   TP analysis need to  explicit ly   elaborate   which of the MPR test points that may be critical  for RF  emission testing , and  if   n ew test points need to be added (e.g. diffe rent  SCS)      The se proposa ls are made easier to impleme nt   a n d mainta in   i f  TP analysis is combined for MPR/ACLR/SEM  
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