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Introduction
At RAN4 meeting #103e, the technical specifications for NRU operation at 100MHz channel bandwidth were agreed and implemented in Release 17.6.0. In this contribution we bring power amplifier measurements to revisit the maximum output power reduction (MPR) requirements specified in sub-clause 6.2F.2. This initiative was triggered first by observing that some wideband (WB) operation configurations are missing in table 6.2F.2-2; and second, by suspecting that some 100MHz WB sub-band (SB) configurations may be eligible to “category B” exception MPR. A companion change request (CR) [1] is proposed to reflect these corrections.
Discussion
Missing 100MHz WB SB Configurations and Case B Suspicions
The agreed MPR mapping configurations eligible to category “A” MPR and exception category “B” MPR are reproduced in Table 1. We observe that some 100MHz WB SB configurations are missing.

Observation 1: The following 100MHz SB configurations are missing:
· 10000 and mirror configuration 00001;
· 01000 and mirror configuration 00010;
· 00100 and mirror configuration 00100.
These missing SB configurations should be added to the category “A” column since no MPR exception is expected.

[bookmark: _Ref111029287]Table 1: MPR mapping for wideband operation (Table 6.2F.2-2)
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In Table 1, we have highlighted:
· In red, WB SB configurations 00111/11100 which we suspect may qualify for the category “B” MPR exception; 
· In blue, configurations 00011/11000 and 00110/01100 for which we are unsure if an MPR exception should be granted.

The rationale for these suspicions is based on the analysis of the placement of the SB image and the SB ACLR relative to the spectral emission mask (SEM) -28dBr corner edge. Figure 1 shows a simplified sketch of modulated SB, SB ACLR, SB image relative to the NRU SEM for these configurations.
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[bookmark: _Ref111030780]Figure 1: Suspected 100MHz WB SB configurations for MPR exception eligibility: left WB 11100(00111), center 11000(00011), right 01100(00110).

Based on previous NRU MPR measurements, we have observed as a rule of thumb, that WB SB configurations that may be eligible to Category B MPR exceptions may meet the following conditions:
1. A significant overlap between ACLR and the SB image occurs.
2. When the ACLR and SB image overlap the -28dBr SEM corner edge, an MPR exception is needed. 
SB configuration 11100/00111 is an example of such condition as shown in Figure 1-left.
3. When the SB image is adjacent or within close-proximity to the -28dBr SEM corner, we identify two sub-categories:
3.1 when the SB image falls in-band of the modulated SB, MPR exception may not be required. 
SB configuration 01100/00110 is an example of such condition as shown in Figure 1-right.

3.2 when the SB image falls in the SEM -28dBr plateau, a measurement verification is required to check if the configuration should be granted an MPR exception. 
SB configuration 11000/00011 is an example of such condition as shown in Figure 1-center.

When the SB image lands in the -28dBr SEM plateau with sufficient frequency separation from the -28dBr SEM corner, then case “B” exceptions are not needed, i.e. the configuration is eligible to case “A”.
SB configuration 10000/00001 is an example of such case “A”.

Observation 2: Based on the analysis of SB ACLR, SB image placement relative to the NRU SEM, we observe that:
· WB SB configuration 00111/11100 is likely to require an MPR exception;
· MPR requirements should be verified for WB SB configurations 00011/11000 and 00110/01100.
Based on observations 1 and 2 we propose to verify the 100MHz MPR requirements for all WB SB configurations using PA measurements.
100MHz NRU MPR Measurement Results
The test conditions are set as follows:
· A 5GHz Wi-Fi PA is calibrated to meet 1dB MPR for power class (PC) 5 using the agreed 20MHz 100RB3 QPSK DFT-s-OFDM SCS 15kHz reference waveform.
· Local Oscillator (LO) leakage has been disabled to avoid erroneous NR-U SEM scaling and therefore erroneous back-off gating levels.
· IQ Image rejection: -28dB.
· Gating measurements: only MPR gating is evaluated using:
· PC 5 ACLR: -27dBc; and
· Agreed Spectrum Emission Mask (SEM) in WF [1]. The spectrum emission mask for non-transmitted channels is floored at -28dBr.
The PA back-off is evaluated for WB configurations 10000,11000,11100,11110,11111,01000,01100,01110,00100. The measurement is repeated for 4 types of QPSK modulated waveforms: Fully allocated CP-OFDM, denoted “CP_Full”, fully allocated DFT-s-OFDM, denoted “DFT_Full”, interlaced CP-OFDM “CP_Inter” and interlaced DFT-s-OFDM “DFT_Inter.”
CP-OFDM Measurement Results
The measured raw back-off levels are reported in Figure 2 for QPSK CP-OFDM waveforms vs. the agreed MPR in dashed horizontal line. We have highlighted in red and blue the suspected configurations discussed in the previous section. The measurements show that:
· Configurations 11100/00111 (red highlight) and 11000/00011 (blue highlight) are eligible to category “B” MPR and the required back-off exceeds the maximum agreed MPR of 3.5dB. Note this excess is only observed for fully allocated waveforms. For interlaced waveforms, the 3.5dB MPR provides sufficient margin.
· The effect of SB image/ SB ACLR and close-proximity of SB image to the SEM -28dBr corner can be seen on the measurements results for configurations 01100/ 00110 which require a back-off close to maximum allowed MPR. We however do not consider this increase is sufficient to qualify for a category “B” MPR exception.
· All other configurations are eligible to category “A” and the agreed 3.5dB MPR is sufficient.
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[bookmark: _Ref111033000]Figure 2: CP-OFDM raw PA back-off measurement results vs agreed MPR (Table 6.2F.2-1).
Observation 3: For QPSK CP-OFDM waveforms, the measurements indicate that:
· Configurations: 10000/00001,11110/01111,01000/00010,01110,00100 and 01100/00110 are eligible to category “A” MPR.
· Configurations: 11100/00111 and 11000/00011 are eligible to category “B” MPR exception. 
For these configurations, the agreed 3.5dB MPR is sufficient to cover the interlaced waveforms. However, for fully allocated waveforms the MPR needs to be increased to 4.5dB.
DFT-s-OFDM Measurement Results
The measured raw back-off levels are reported in Figure 3 for QPSK DFT-s-OFDM waveforms vs the agreed MPR in plain black line for category “A” MPR, and in dashed horizontal line for category “B” MPR. We have highlighted in red and blue the suspected configurations discussed in the previous section. The results are somehow similar to those collected for CP-OFDM:
· Configurations 11100/00111 (red highlight) and 11000/00011 (blue highlight) are eligible to category “B” MPR. However, compared to CP-OFDM results, for these configurations the required back-off does not exceed the maximum agreed MPR of 2.5dB.
· The effect of SB image/ SB ACLR and close-proximity of SB image to the SEM -28dBr corner can be seen on the measurements results for configurations 01100/ 00110 which require a back-off close to maximum allowed MPR. Though we do not consider this increase is sufficient to qualify for an MPR exception.
· All other configurations are eligible to category “A” and the agreed 1.5dB MPR is sufficient
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[bookmark: _Ref111033825]Figure 3: DFT-s-OFDM raw PA back-off measurement results vs agreed MPR (Table 6.2F.2-1).
Observation 4: For QPSK DFT-s-OFDM waveforms, the measurements indicate that:
· Configurations: 10000/00001,11110/01111,01000/00010,01110,00100 and 01100/00110 are eligible to category “A” MPR;
· Configurations: 11100/00111 and 11000/00011 are eligible to category “B” MPR exception and the agreed MPR is sufficient to cover these cases for all waveform types (Fully allocated or interlaced).
Proposed Changes to MPR Specifications
Based on observations 1,2,3,4 we propose to update the 100MHz CBW MPR mapping for Table 6.2F.2-2 as captured in Table 2. Considering that for CP-OFDM configurations 11100, 00111,11000,00011, the MPR increase is needed only for fully allocated waveforms, we propose to increase the MPR allowance to 4.5dB for only these waveforms. One way to implement such additional allowance with minimal impact on the technical specifications is to add a footnote specific to these configurations. Our intention is to ensure these exceptional cases do not impact other configurations where the legacy agreements provide sufficient margin.
Our proposal is captured in Table 2 and in a companion change request [1].
Proposal: Adopt changes for Table 6.2F.2-2 as captured in Table 2.
[bookmark: _Ref110986570]Table 2: Proposed changes to “Table 6.2F.2-2 MPR mapping for wideband operation”
	Wideband operation channel bandwidth (MHz)
	Sub-band configuration

	
	A
	B

	40
	11
	10, 01

	60
	111, 011, 110, 001, 010, 100
	None

	80
	1111, 0111, 1110, 0110, 0001, 1000
	1100, 0011, 0100, 0010

	100
	11111, 01111, 11110, 01110, 00100, 00110, 01100, 01000, 00010, 10000, 00001
	00111, 11100, 00011, 11000
(Note 2)

	NOTE 1:	The sub-band configuration is represented as a bitmap where ‘1’ indicates that a sub-band is transmitted and ‘0’ indicates a sub-band is not transmitted.  The bitmap is ordered with MSB mapped to the lowest frequency sub-band and LSB mapped to highest frequency sub-band within the wideband channel.
NOTE 2:  For fully allocated CP-OFDM waveforms, the MPR allowance is increased to 4.5dB for QPSK and 16 QAM.



Conclusions
In this contribution, we provide a review of MPR requirements for NRU 100MHz CBW operation. We have identified missing WB SB configurations and configurations eligible for MPR exceptions. Measurement allowed to identify that for fully allocated CP-OFDM WB SB configurations 11100/00111 and 11000/00011 the agreed MPR needs to be increased to 4.5dB. We therefore make the following proposal:

Proposal: Adopt changes for Table 6.2F.2-2 as captured in Table 2.
Table 2: Proposed changes to “Table 6.2F.2-2 MPR mapping for wideband operation”
	Wideband operation channel bandwidth (MHz)
	Sub-band configuration

	
	A
	B

	40
	11
	10, 01

	60
	111, 011, 110, 001, 010, 100
	None

	80
	1111, 0111, 1110, 0110, 0001, 1000
	1100, 0011, 0100, 0010

	100
	11111, 01111, 11110, 01110, 00100, 00110, 01100, 01000, 00010, 10000, 00001
	00111, 11100, 00011, 11000
(Note 2)

	NOTE 1:	The sub-band configuration is represented as a bitmap where ‘1’ indicates that a sub-band is transmitted and ‘0’ indicates a sub-band is not transmitted.  The bitmap is ordered with MSB mapped to the lowest frequency sub-band and LSB mapped to highest frequency sub-band within the wideband channel.
NOTE 2:  For fully allocated CP-OFDM waveforms, the MPR allowance is increased to 4.5dB for QPSK and 16 QAM.



This proposal is based on the following observations:
Observation 1: The following 100MHz SB configurations are missing:
· 10000 and mirror configuration 00001;
· 01000 and mirror configuration 00010;
· 00100 and mirror configuration 00100.
These missing SB configurations should be added to the category “A” column since no MPR exception is expected.

Observation 2: Based on the analysis of SB ACLR, SB image placement relative to the NRU SEM, we observe that:
· WB SB configuration 00111/11100 is likely to require an MPR exception;
· MPR requirements should be verified for WB SB configurations 00011/11000 and 00110/01100.
Observation 3: For QPSK CP-OFDM waveforms, the measurements indicate that:
· Configurations: 10000/00001,11110/01111,01000/00010,01110,00100 and 01100/00110 are eligible to category “A” MPR;
· Configurations: 11100/00111 and 11000/00011 are eligible to category “B” MPR exception. 
For these configurations, the agreed 3.5dB MPR is sufficient to cover the interlaced waveforms. However, for fully allocated waveforms the MPR needs to be increased to 4.5dB.
Observation 4: For QPSK DFT-s-OFDM waveforms, the measurements indicate that:
· Configurations: 10000/00001,11110/01111,01000/00010,01110,00100 and 01100/00110 are eligible to category “A” MPR;
· Configurations: 11100/00111 and 11000/00011 are eligible to category “B” MPR exception and the agreed MPR is sufficient to cover these cases for all waveform types (Fully allocated or interlaced).
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