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Introduction
In RAN4#90, experimental measurements for DC_(n)71AA using DFT-S-OFDM have shown that 1) large PSD differences are reached at the maximum allowed NR transmission power, denoted “PNR” to meet emission requirements, 2) the extra 1dB increase in A-MPR for UE supporting dynamic power sharing does not appear necessary, 3) that it is possible to avoid dropping NR transmissions [1]. These measurements are in good agreement with simulation data. In this contribution, we present additional simulation and experimental measurements for CP-OFDM waveforms to confirm that PSD checks are not necessary to meet out of band emissions. We also propose variants of the previously proposed A-MPR optimization scheme [2] for REL-16 UEs.
Discussion
Simulation and Measurement Assumptions
Simulation and measurements assumptions/calibrations are based on previous contribution [1].
LTE takes LTE MPR as if transmitted alone. 
LTE power denoted “PLTE” is limited to power levels ranging from 7 to 22 dBm for DFT-S-OFDM, and from 4 to 22dBm for CP-OFDM.
For each PLTE, NR power “PNR” is swept to determine the NR A-MPR in order to meet emission limits and/or keep total power within power class limit. EN-DC power class 3 is assumed and:
· LTE modulation: always QPSK (to maximize LTE power, hence minimizing the power quota left for NR),
· NR subcarrier spacing: 15 kHz,
· NR modulation: QPSK, 
· NR waveforms: CP-OFDM and DFT-S-OFDM
· Carrier and image suppression 28 dB,
· EN-DC ACLR according to 38.101-3, 
· SEM according to NS35 38.101-3, 
· General spurious emission limit from 38.101-1,
· Band 12 and 29 co-existence limits according to specifications and duplexer rejection assumptions as in previous agreements,
· A 50dB duplexer rejection is assumed for protection of downlink band 71.
· EVM and in-band emissions ignored,
· Power Amplifier (PA) to antenna insertion losses of 4 dB. 
· PA linearity calibration point: 
· Simulation: QPSK 100RB DFT-S-OFDM signal with 0.5dB MPR.
· Measurements: QPSK 100RB DFT-S-OFDM signal with 1dB MPR.
· Bandwidth combinations:
· Simulated: 
· NR+LTE: 15+5, 10+10, 10+5, 5+15, 5+10, 5+5 MHz 
· LTE+NR: 15+5, 10+10, 10+5, 5+15, 5+10, 5+5 MHz
· Measured: N15_L5_DFT-S-OFDM, N15_L5_CP-OFDM.

Measurement vs Simulated Results Update
Simulation results are used to identify the worst case corner RB allocations for each RAT. Worst case RB allocations are identified by searching for the minimum power level of PNR_max transmission power that guarantees passing all emissions and band protection requirements. The measurement campaign follows the same method as that used in simulation campaign: for each PLTE level, PNR is swept until either EN-DC maximum power class level is reached or until emissions / band protection limits are met. 
Due to time constraints, the presented measurement campaign has been restricted to approximately 40000 measurements points collected for the QPSK DFT-S-OFDM and CP-OFDM N15_L5 configuration only. Measurements are performed at the following corner RBtot values: 2,5,10,15,20,30,40,100 for DFT-S-OFDM, and 2,10,25,100 for CP-OFDM
Results obtained for PLTE >= 14 dBm are shown in Figure 1-left shows for CP-OFDM, and are reproduced from [1] in Figure 1- right for DFT-S-OFDM. Measured NR A-MPR vs vs RBtot is plotted with plain dots, simulation data with plain lines. For both waveform types, the measured NR A-MPR values are in reasonable agreement with simulation at the RBtot values >= 10. 
[image: ]
[bookmark: _Ref1117340]Figure 1: Simulated (plain lines) vs measured (plain dots) NR A-MPR as function of RBtot for NR15_L5, NR QPSK configuration. Left: CP-OFDM. Right: DFT-S-OFDM.
Throughout this contribution, we use three representative “corner” RBtot values to evaluate the need for PSD checks and to present an A-MPR optimization scheme:
· RBtot = 25 and 40 for CP-OFDM and DFT-S-OFDM respectively. These are the lowest values at which NR A-MPR is ACLR limited,
· RBtot = 2 and 10, values for which NR-AMPR is SEM and additional spur limited.
PSD Difference at Measured NR A-MPR Levels

In Figure 2 and Figure 3 we compare measured and simulated PNR levels vs. PLTE for the three selected RBtot corner values. The measured power spectral density difference between MCG and PCG at the measured NR A-MPR is overlaid on secondary y axis in red line. On each of these graphs, the measured PSD difference exhibit a wide range of values vs PLTE. The PSD discontinuities observed in Figure 2 A&B, and Figure 3 D&E result from the fact that the worst case RB allocations extracted from simulated data differs from one PLTE level to another. This is not the case in Figure 2 C and Figure 3 C for which a unique RB allocation is used to perform the measurements at RBtot= 2.
[image: ]  
[bookmark: _Ref1117532]Figure 2: QPSK DFT-S-OFDM simulated PNR (blue and green lines) vs measured PNR (blue dots), theoretical dynamic power PNR levels for PC3 UE (orange) and measured PSD difference (red line) as function of PLTE for NR15_L5. Measured RBtot= 40,10 and 2, simulated RBtot= 46 (blue) / 32 (green),11 (blue) / 8 (green) and 3 (blue) / 2 (green) for A, B and C respectively.
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[bookmark: _Ref4980213]Figure 3: QPSK CP-OFDM simulated PNR (blue and green lines) vs measured PNR (blue dots), theoretical dynamic power PNR levels for PC3 UE (orange) and measured PSD difference (red line) as function of PLTE for NR15_L5. Measured RBtot= 25,10 and 2, simulated RBtot= 26 (blue) / 23 (green),13 (blue) / 9 (green) and 4 (blue) / 2 (green) for A, B and C respectively.
Observation 1: In the ACLR limited plateau region and at RBtot=10 (Figure 2-A&B, Figure 3-D&E), the measured data is in good agreement with simulated data. Deviation with simulated data is observed at RBtot=2 especially for CP-OFDM and will be subject to further verifications. 
Observation 2: In the ACLR limited plateau region, ie for RBtot > 25 and 40 for CP-OFDM and DFT-S-OFDM respectively (cf Figure 2-A, Figure 3-D), the maximum allowed PNR levels at low PLTE levels (eg. PLTE < 12dBm) is nearly waveform agnostic.
Observation 3: The measured PSD difference between the MCG and PCG exhibits a large spread depending on the operating point: from [-15 ; 17.8] dB at RBtot=2 in Fig.3-F, to [-4.5 ; 12.7] dB in Fig.2-A.
Observation 4: The measured and simulated data indicate that it is possible to avoid NR dropping even for PLTE >= 15 dBm. It can also be seen in Fig.9-A that for PLTE <10 dBm, it is possible to operate NR at power levels >= 20 dBm. 
Proposal 1: Based on emissions requirement PSD check could be removed or threshold significantly relaxed for REL-16 UEs. 
A-MPR Optimization Scheme Proposal for REL-16 UEs
Observation 3 indicates that the NR A-MPR can be optimized for REL-16 UEs. In Figure 4, we rely on simulation data to propose the 2:1 / 0.5:1 NR A-MPR optimization scheme of [2] (black lines) for each of the selected three “corner” RBtot values and for DFT-S-OFDM as follows: 

· The 2:1 / 0.5:1 NR power scaling is triggered at a Reference Point, denoted “RP” (black diamond) which is offset by “x” dB from the equal power Back-Off “BO” (black dot) defined in REL-15 A-MPR tables [3]. This contribution presents an example with x= 1dB for illustration purposes,
· PNR is scaled in a ratio 2:1 relative to PLTE for PLTE > RP,
· For PLTE < RP, PNR is scaled in a ratio 0.5:1 relative to PLTE without any restriction. 
CP-OFDM plots can be found in the Annex.
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[bookmark: _Ref4983105][bookmark: _Ref4983118]Figure 4: PNR optimization (black line) for DFT-S-OFDM, N15 L5 and example of RP with x=1dB offset (black diamond) from the REL-15 equal power BO (black dot), PNR according to REL-15 A-MPR (grey), PNR according to theoretical dynamic power sharing for PC3 UE (orange) and simulated maximum allowed PNR levels vs PLTE for RBtot= 46 (blue) / 32 (green), 11 (blue) / 8 (green) and 3 (blue) / 2 (green) for A, B and C respectively.

Observation 5: When PLTE > RP, the 2:1 scheme allows maintaining NR transmissions in regions where dropping is allowed in REL-15. The allowed PNR can be traded against safety margin to emission level by determining an acceptable value of “x.
Observation 6: When PLTE < RP, Figure 4-A (ACLR limited operating RB allocations) shows that a minimum safety margin to meet emission requirements can only be met by clamping the PNR 0.5:1 scaling scheme. 
Observation 7: When PLTE < RP, Figure 4-B and 4-C show that ample margin is available when x=1 dB.
[bookmark: _GoBack]For RB allocation operating points where emissions are limited by the ACLR requirements, and for PLTE < RP, the clamping mechanism could be based on several criteria. PSD check could be used as clamping mechanism, but as Figure 2 and Figure 3 show this criteria does not seem necessary. Clamping could also be expressed as a margin relative to NR standalone A-MPR to meet EN-DC ACLR requirements. 
We therefore make the following proposal.
Proposal 2: Study REL-16 UE NR A-MPR optimization using the 2:1 / 0.5:1 PNR scaling ratio relative to PLTE with optimization variable “x” and NR A-MPR clamping mechanism FFS. 
Interested companies are encouraged to provide complementary studies.
Conclusions
In this contribution the required back-off needed to meet DC_(n)71AA out of band emissions for NR operation in DC_(n)71AA has been studied. With regard to the need for PSD check, we make the following observations

Observation 1: In the ACLR limited plateau region and at RBtot=10 (Figure 2-A&B, Figure 3-D&E), the measured data is in good agreement with simulated data. Deviation with simulated data is observed at RBtot=2 especially for CP-OFDM and will be subject to further verifications. 
Observation 2: In the ACLR limited plateau region, ie for RBtot > 25 and 40 for CP-OFDM and DFT-S-OFDM respectively (cf Figure 2-A, Figure 3-D), the maximum allowed PNR levels at low PLTE levels (eg. PLTE < 12dBm) is nearly waveform agnostic.
Observation 3: The measured PSD difference between the MCG and PCG exhibits a large spread depending on the operating point: from [-15 ; 17.8] dB at RBtot=2 in Fig.3-F, to [-4.5 ; 12.7] dB in Fig.2-A.
Observation 4: The measured and simulated data indicate that it is possible to avoid NR dropping even for PLTE >= 15 dBm. It can also be seen in Fig.9-A that for PLTE <10 dBm, it is possible to operate NR at power levels >= 20 dBm. 
, and we propose:
Proposal 1: Based on emissions requirement PSD check could be removed or threshold significantly relaxed for REL-16 UEs.

With regards to NR A-MPR optimization, we observe:
Observation 5: When PLTE > RP, the 2:1 scheme allows maintaining NR transmissions in regions where dropping is allowed in REL-15. The allowed PNR can be traded against safety margin to emission level by determining an acceptable value of “x.
Observation 6: When PLTE < RP, Figure 4-A (ACLR limited operating RB allocations) shows that a minimum safety margin to meet emission requirements can only be met by clamping the PNR 0.5:1 scaling scheme. 
Observation 7: When PLTE < RP, Figure 4-B and 4-C show that ample margin is available when x=1 dB.
, with proposal:
Proposal 2: Study REL-16 UE NR A-MPR optimization using the 2:1 / 0.5:1 PNR scaling ratio relative to PLTE with optimization variable “x” and NR A-MPR clamping mechanism FFS. 
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Annex: N15 L5 CP-OFDM results for 3 RBtot “corner” samples
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Figure 5: PNR optimization (black line) for CP-OFDM, N15 L5 and example of RP with x=1dB offset (black diamond) from the REL-15 equal power BO (black dot), PNR according to REL-15 A-MPR (grey), PNR according to theoretical dynamic power sharing for PC3 UE (orange) and simulated maximum allowed PNR levels vs PLTE for RBtot= 26 (blue) / 23 (green), 13 (blue) / 9 (green) and 4 (blue) / 2 (green) for A, B and C respectively.
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