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1. Introduction
RAN4 has been discussing on UE output power and transmitter linearity requirements for NRU. The discussion in the previous meeting is captured into the AdHoc minutes in [1] and in way forward in [2]. In this document we present Output power and SEM measurements results for different NR-U waveforms using a 5GHz WiFi PA.

2. Discussion
In order to understand the performance of WiFi PAs currently used in mobile handset one such PA was selected and measured with NRU waveforms. The used waveforms were
1. NRU 20MHz 15kHz SCS 106 PRBs CP-OFDMA modulated
2. NRU 20MHz 15kHz SCS 11 PRBs interlaced CP-OFDMA modulated
3. NRU 40MHz 30kHz SCS 51 + 51 PRBs CP-OFDMA modulated
4. NRU 40MHz 30kHz SCS 51 + [0] PRBs CP-OFDMA modulated
5. NRU 80MHz 30kHz SCS 51 + 51 + 51 + 51 PRBs CP-OFDMA modulated
6. NRU 80MHz 30kHz SCS 51 + 51 + [0] + [0] PRBs CP-OFDMA modulated
7. NRU 80MHz 30kHz SCS 51 + [0] + [0] + [0] PRBs CP-OFDMA modulated

For all of the signals following base-band imperfections have been added:
· LO: at about -30dBc
· IMAGE: at about -30dBc

The SEM of the PA output is shown at -30dB ACLR point for signals #1 and #2 with PA Vcc low and with -27dB ACLR for test signals #3-#7 with PA Vcc at typical level. The reason for this delta was lack of test time to do all needed signal capturing in the lab. It was however checked manually that SEM just and just touches the mask at -27dB ACLR point also with 20MHz signals #1 and #2.

The output power is measured from the output of the PA and no post-pa losses have been taken into account.
The signal is captured in the lab (=measurement), but results are presented in Matlab to make it easy to adjust the RBW and masks.
The Spectrum emission masks shown in the figures are:
Solid RED line: NR mask (1MHz RBW).
Solid MAGENTA lane: WiFi/ETSI type mask with fixed first 1MHz and mask scaling based on bandwidth.
Dotter MAGENTA line: In-band mask with -25dB in-band floor.


SEM measurement results

As explained above the operating point for PA was first set to -30dB ACLR for the SEM measurements and then the testing was repeated with -27dB operating point, however there was not time to repeat the signal capturing for 20MHz signals. In addition, the signal capture for 20MHz signals was done using low VCC for PA. Manual testing was however done and this showed that increasing power by 1dBm the ACLR rises to -27dB and emissions just touch the mask. 
The measurement results for signals #1 and #2 are shown in Figure 1 and Figure 2.
Observation #1: Both 20MHz signals meet both masks.
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[bookmark: _Ref24129200]Figure 1. NRU 20MHz 15kHz SCS 106 PRBs CP-OFDMA modulated
[image: ]
[bookmark: _Ref24129202]Figure 2. NRU 20MHz 15kHz SCS 11 PRBs interlaced CP-OFDMA modulated


For 40MHz signal capture the PA operating point was adjusted to -27dB ACLR and measurements were also made using typical VCC for the PA
The measurement results for signals #3 and #3 are shown in Figure 3 and Figure 4.
Observation #2: Both 40MHz signals meet both masks. LO leakage needs to be treated as a special case as earlier shown by simulations. It may also be beneficial to use narrower measurement band-width for the 1st 1MHz part of the SEM to minimize the errors and uncertainty originating from test itself.
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[bookmark: _Ref24129570]Figure 3. NRU 40MHz 30kHz SCS 51 + 51 PRBs CP-OFDMA modulated
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[bookmark: _Ref24129579]Figure 4. NRU 40MHz 30kHz SCS 51 + [0] PRBs CP-OFDMA modulated


For 80MHz signal capture the PA operating point was adjusted to -27dB ACLR and measurements were also made using typical VCC for the PA
The measurement results for signals #5, #6 and #7 are shown in Figure 5, Figure 6 and Figure 7
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[bookmark: _Ref24130208]Figure 5. NRU 80MHz 30kHz SCS 51 + 51 + 51 + 51 PRBs CP-OFDMA modulated
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[bookmark: _Ref24130210]Figure 6. NRU 80MHz 30kHz SCS 51 + 51 + [0] + [0] PRBs CP-OFDMA modulated
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[bookmark: _Ref24130213]Figure 7. NRU 80MHz 30kHz SCS 51 + [0] + [0] + [0] PRBs CP-OFDMA modulated
Observation #3: All 80MHz signals meet both masks. LO leakage needs to be treated as a special case as earlier shown by simulations. It may also be beneficial to use narrower measurement band-width for the 1st 1MHz part of the SEM to minimize the errors and uncertainty originating from test itself.

3. Conclusion
Measurement results for 7 NR-U signals with Wifi PA were shown. Few observations were made that are summarised below:
1.) All waveforms meet both NR and the proposed WiFi/ETSI mask
2.) LO needs to be treated with exception as shown by earlier simulations
3.) IMAGE is OK with -25dB in-band mask level. Current in-band mask specification level allows -27dB Image level, but there’s more than 3dB margin in the in-band measurements.
4.) It may be beneficial to use narrower than 1MHz measurement band-width when measuring the 1st  MHz of the mask just outside of the used channel
Additionally,
Observation #4: It’s difficult to make a clear comparison between the new proposed masks and NR mask that is well known. On high level it seems that NR mask is more relaxed, but this is depends on the output power level as NR mask is an absolute mask while the new proposed masks follow the in-band PSD of the signal. NR mask is always having stringent requirements within the 1st 1MHz part of the mask.
Conclusion #1: Measurements with WiFi PA and NRU waveforms were made to study the proposed SEM for NRU. It’s proposed that these results are taken into account in the finalization of the SEM for NRU at 5GHz band.
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