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1	Introduction 
During the RAN4 meeting #108, Power Class 5 (PC5) A-MPR for uplink (UL) carrier aggregation (CA) class B in Band n96 (also known as CA_n96B), was evaluated using simulation results in [1, 2]. In this contribution, we present our perspective based on both measurements and results. This document is a revision of R4-23167777 due to late measurement data collection.
2 Discussion
2.1 Background
With regards to the NS_53 A-MPR levels: for aggregated bandwidth of up to 100 MHz, we observe similar A-MPR performance between [1] vs [2]. Evaluations for 120, 140 and 160 MHz are absent in [2]. Our conclusions are as follows:
· For cases where the A-MPR is dominated by the NS_53 in-band PSD requirement of -1 dBm/MHz, we propose that the PC5 A-MPR for UL CA be identical to that of the PC5 single UL carrier requirement.
· For cases where the A-MPR is driven by the NS_53 out-of-band (OOB) requirement of -27 dBm/MHz, it would be advisable to ensure that these OOB A-MPR requirements only affect the lower edge and the upper edge channels of Band n96. The inner channels would consequently be limited by the in-band PSD requirements.
2.2 Measurement results
Power Amplifier (PA) calibration
· Power Class: PC5
· Calibration point: 1 dB MPR for QPSK DFT-s-OFDM, 20 MHz 100RB3 waveform at 27 dB ACLR
· Post PA losses of 4 dB
· ACLR: 27 dB
· IQ image: -28 dB
· Carrier leakage: -28 dBc

Measurement results are presented as raw PA output back-off (OBO).
2.2.1 NS_53 Measurement results
The calculated and the measured OBO to meet the NS_53 -1dBm/MHz in-band requirements are shown in Figure 1 and Figure 2 for DFT-s-OFDM, CP-OFDM, Full and Interlaced allocations respectively (DFT_F, DFT_I, CP_F,CP_I). Figure 3 shows the OBO to meet the NS_53 out-of-band -27dBm/MHz requirements.
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[bookmark: _Ref147699597]Figure 1: PC5 DFT-s-OFDM OBO to meet NS_53 -1dBm/MHz in-band PSD requirements.
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[bookmark: _Ref147699600]Figure 2: PC5 CP-OFDM OBO to meet NS_53 -1dBm/MHz in-band PSD requirements.
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[bookmark: _Ref147699602]Figure 3: PC5 OBO to meet NS_53 -27dBm/MHz out-of-band PSD requirements.

Observation 1: For QPSK, the following A-MPR seem sufficient.
· DFT-s-OFDM full allocations:
· 20MHz, A-MPR ≤ [9.0]dB
· 40MHz, A-MPR ≤ [6.0]dB
· 60MHz, A-MPR ≤ [4.0]dB
· 80MHz, A-MPR ≤ [3.0]dB
· 100,120,140,160MHz, A-MPR ≤ [3.0]dB

· DFT-s-OFDM partial allocations:
· 20MHz, A-MPR ≤ [11.5]dB
· 40MHz, A-MPR ≤ [8.5]dB
· 60MHz, A-MPR ≤ [7.0]dB
· 80MHz, A-MPR ≤ [5.5]dB
· 100MHz, A-MPR ≤ [4.5]dB
· 120,140,160MHz, A-MPR ≤ [3.5]dB

· CP-OFDM full allocations:
· 20MHz, A-MPR ≤ [9.0]dB
· 40MHz, A-MPR ≤ [5.5]dB
· 60MHz, A-MPR ≤ [5.0]dB
· 80MHz, A-MPR ≤ [5.0]dB
· 100,120,140,160MHz, A-MPR ≤ [4.5]dB

· CP-OFDM partial allocations:
· 20MHz, A-MPR ≤ [11.0]dB
· 40MHz, A-MPR ≤ [8.5]dB
· 60MHz, A-MPR ≤ [6.5]dB
· 80MHz, A-MPR ≤ [5.5]dB
· 100MHz, A-MPR ≤ [5.0]dB
· 120,140,160MHz, A-MPR ≤ [4.5]dB
· 
2.2.2 NS_54 Measurement results
No A-MPR is needed to meet the NS_54 +17dBm/MHz in-band PSD requirements. NS_54 A-MPR is driven by the -27dBm/MHz out-of-band PSD requirements for f ≤ 5925MHz. This out-of-band requirement impact only the lowermost aggregated PCC/SCC channels of band n96. Thanks to the 20MHz guard-band separating the lower most channels from the NS_54 out-of-band frequency range, the OBO is expected to be lower than the NS_53 out-of-band OBO. The measured OBO are shown in Figure 4 for DFT-s-OFDM and CP-OFDM.
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[bookmark: _Ref147703992]Figure 4: PC5 OBO to meet NS_54 -27dBm/MHz out-of-band requirements

Observation 2: For NS_54, the A-MPR is driven by the -27dBm/MHz out-of-band rqeuirement since no OBO is needed to meet the in-band +17dBm/MHz requirement. This means that A-MPR is only needed for the lower most PCC/SCC NR-ARFCN channels, i.e. for the channels closest to the frequency range <= 5925MHz. For QPSK,

· DFT-s-OFDM full allocations: the MPR seems sufficient to cover all cases,
· DFT-s-OFDM partial allocations and only for lowermost channels
· 40,60MHz, A-MPR ≤ [4.0]dB
· 80,100,120,140,160MHz, A-MPR ≤ [3.5]dB
· CP-OFDM full allocations: the MPR seems sufficient to cover all cases,
· CP-OFDM partial allocations 
· 40,60MHz, A-MPR ≤ [4.5]dB for lower most channels.
· 100,120,140,160MHz, MPR seems sufficient.
3 Conclusion
In this contribution we present PA output back-off measurement results for NR-U UL-CA n96B / n96C to meet the NS_53 and NS_54 requirements and make the following observations.
Observation 1: For QPSK, the following A-MPR seem sufficient.
· DFT-s-OFDM full allocations:
· 20MHz, A-MPR ≤ [9.0]dB
· 40MHz, A-MPR ≤ [6.0]dB
· 60MHz, A-MPR ≤ [4.0]dB
· 80MHz, A-MPR ≤ [3.0]dB
· 100,120,140,160MHz, A-MPR ≤ [3.0]dB

· DFT-s-OFDM partial allocations:
· 20MHz, A-MPR ≤ [11.5]dB
· 40MHz, A-MPR ≤ [8.5]dB
· 60MHz, A-MPR ≤ [7.0]dB
· 80MHz, A-MPR ≤ [5.5]dB
· 100MHz, A-MPR ≤ [4.5]dB
· 120,140,160MHz, A-MPR ≤ [3.5]dB

· CP-OFDM full allocations:
· 20MHz, A-MPR ≤ [9.0]dB
· 40MHz, A-MPR ≤ [5.5]dB
· 60MHz, A-MPR ≤ [5.0]dB
· 80MHz, A-MPR ≤ [5.0]dB
· 100,120,140,160MHz, A-MPR ≤ [4.5]dB

· CP-OFDM partial allocations:
· 20MHz, A-MPR ≤ [11.0]dB
· 40MHz, A-MPR ≤ [8.5]dB
· 60MHz, A-MPR ≤ [6.5]dB
· 80MHz, A-MPR ≤ [5.5]dB
· 100MHz, A-MPR ≤ [5.0]dB
· 120,140,160MHz, A-MPR ≤ [4.5]dB

Observation 2: For NS_54, the A-MPR is driven by the -27dBm/MHz out-of-band rqeuirement since no OBO is needed to meet the in-band +17dBm/MHz requirement. This means that A-MPR is only needed for the lower most PCC/SCC NR-ARFCN channels, i.e. for the channels closest to the frequency range <= 5925MHz. For QPSK,

· DFT-s-OFDM full allocations: the MPR seems sufficient to cover all cases,
· DFT-s-OFDM partial allocations and only for lowermost channels
· 40,60MHz, A-MPR ≤ [4.0]dB
· 80,100,120,140,160MHz, A-MPR ≤ [3.5]dB
· CP-OFDM full allocations: the MPR seems sufficient to cover all cases,
· CP-OFDM partial allocations 
· 40,60MHz, A-MPR ≤ [4.5]dB for lower most channels.
· 100,120,140,160MHz, MPR seems sufficient.
4 References
[1] R4-2311250 NR-U ULCA PC5 AMPR, 3GPP TSG-RAN WG4 #108 Toulouse, France, Apple.
[2] R4-2313823 Simulation results on UE RF NR-U UL CA A-MPR for PC5, 3GPP TSG-RAN WG4 #108 Toulouse, France, Charter.
image1.png
2 - Calc. DFT_F = Meas. DFT_F
Su - Calc. DFT_| m— Meas. DFT_|
o
e — = DFT Class B/CMPR
q 9
S s
5

5
=
g s
Q
oo
-

5 3 - - -- -- -- —————m -
P
o (]
B [ T
2 0 60 0 100 120 140 160

Transmitted contiguous sub-band bandwidth (MHz)




image2.png
-OFDM in-band PSD OBO (dB)

NS_53 CP-

12
1
10

L O N SRR

= Calc. DFT_F

- Calc. DFT_|

= = Series2

= Meas. DFT_F

- Meas. DFT_|

0
Transmitted contiguous sub-band bandwidth (MHz)

80 100 120 140 160





image3.png
-of-band PSD OBO (dB)

NS_53 out:

—DFT_F = DFT_|
—CP_F — P _|
—DFT Class B/CMPR _ ——CP Class B/C MPR

60 80 100 120 140 160

Transmitted contiguous sub-band bandwidth (MHz)




image4.png
-of-band PSD OBO (dB)

NS_54 out:

°

m—DFT_F
—CP_F
——DFT Class B/CMPR

= DFT_|
- P |
——CPClassB/CMPR

60 80 100 120 140 160

Transmitted contiguous sub-band bandwidth (MHz)





