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Introduction
In the RAN4#99 e-meeting, PC1.5MPR was discussed for both smartphone and FWA devices [1, 2, 3] with the latter assuming higher antenna and PCB isolation that would naturally result in reduced RIMD impact, thus lower MPR. In this contribution we present further measurements and discuss which aspects shall be considered carefully in optimizing the PC1.5 MPR.
Discussion
In last meeting, there was an attempt at consolidating past measurements and data presented by different companies and some additional data, to re-assess the PC1.5 MPR. First that discounted the fact that, at the time, the agreement was reached between companies based on the understanding and accepting of the differences rather than an averaging, also the data was scarce and some essential differences were acknowledged:
· First, given the difficulty of the measurements, only a limited set of waveforms were evaluated:
· Emission versus EVM
· TxD versus 1 layer or two-layer MIMO which has some influence on ET architecture
· Limited number of allocations and BW
· Second, data mixes APT and ET architectures that have a quite different behavior in terms of RIMD, the latter one being more susceptible to such issues
· Finally, some aspects of PC2 edge allocation are specific to some implementations in terms of WOLA design and could not be re-evaluated and was accounted for by simply adding 3dB from PC2 to PC1.5 as it is not related to PA linearity and is limited by an absolute PSD requirement.
At the time the resulting and agreed MPR basically took a safe approach versus PC2 by adding:
· 3dB to the edge and outer cases that are limited by absolute PSD requirements (SEM) which does not allow for RIMD contribution which was considered safe given the amount of back-off
· 1.5 dB for inner cases limited by relative requirements (ACLR/EVM/IBE) in this case to account for RIMD contribution at low back-off levels

It is clear that, if there are options for improvement, especially accounting for better antenna and PCB isolation of large form factor UEs (FWA CPE, V2X, vehicule mounted equipment for safety) and without SAR, it can no longer be with a limited set of data. In order to provide part of this data we launched into an extensive set of measurements looking into:
· Single APT PA PC2 emissions, 2 coupled APT PC2 PAs emissions with 10 and 20dB antenna isolation (with 4dB antenna loss for all). EVM was not reassessed as we already provided specific input at the time.
· For 2TX measurements: 
· TxD with 600ns delay after checking 150, 300, 600ns for optimum measurement accuracy
· Single layer MIMO with 90 deg phase shift after checking 0 deg (constructive), 180 deg (cancelling) and 270 deg.
· Dual layer MIMO by using an uncorrelated data stream
· QPSK CP-OFDM and DFT-s-OFDM
· Focus on 15kHz SCS (most critical guard band) for 5, 20 and 50MHz
· Edge, outer 1RB and Full, inner min and inner max to check if the regions are properly bounded as with higher PSD some regions may need to be enlarged or regions that had limitations for relative requirement in PC2 move to absolute limit in PC1.5 (we have found some of those)
· It used properly calibrated n77 PC2 APT PA at 3400MHz
Measurement data
Before showing the measurement data summary, it should be clarified that the reported back-off or margin (for inner cases) are based on the worst 2TX case out of TxD and 1 or 2 layer UL MIMO. Nevertheless, the difference between the different 2Tx modes is small in terms of back-off and within the measurement error of the setup which is expected between TxD and 1 layer UL MIMO, while for 2 layer UL MIMO if this is normal for APT PAs that already have some headroom it may not be the case for ET PAs.
Table 1 shows the summary of the results for:
· 1Tx PC2 PA, 
· 2Tx 2xPC2 PA at 10dB isolation (worst case of the three 2TX modes)
· 2Tx 2xPC2 PA at 20dB isolation (worst case of the three 2TX modes)
The maximum output power or worst-case margin and associated limit are reported with back-off and the current MPR values.
Table 1: Summary of 1TX PC2 and 2Tx PC1.5 measurements
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Observations: 
· There is one outer case (orange highlight) where the limit changes from relative (ACLR) for PC2 to absolute (SEM) for PC1.5
· There are multiple inner cases (yellow highlight) where PC2 had margins for emissions but PC1.5 needs MPR due to 3dB higher PSD and addition of RIMD
· Our measurements of edge cases (bold) do not show the need for large MPR as the edge allocation higher MPR was needed to account for a specific WOLA implementation with less aggressive filtering. Nevertheless for DFT-s-OFDM with the small 5MHz guard band, the effect is 1:1 as it is not related to PA non-linearity and thus do not see RIMD impact.
· RIMD impact is seen and varies with the slope of the SEM/ACLR and waveform PAPR but there is about 0.5dB less back-off needed for 20dB isolation versus 10dB isolation. It is expected that this difference is higher for ET due to higher RIMD impact
· Note that inner allocation have not been retested for EVM but RIMD is not expected to have a large impact for QPSK
Interpretation of the results
Edge allocations
In our measurements, the QPSK waveforms are using a WOLA design that ensures emissions in the SEM 1st MHz are small and as a result the needed back-off is in the same order than outer allocations, i.e. we did not need edge allocations. However other companies have less aggressive filtering that required 3.5dB of MPR compared to the 1dB for DFT-s-OFDM outer. 
Allowing for the same design in PC1.5 means that edge allocations need to have 3dB more MPR. Yet this is not sufficient as 4RB0 would still require 3dB less than 2RB0 (-3dB PSD); thus this has impacted the outer allocation MPR for PC1.5 with a 4dB value. One possible optimization for PC1.5 DFT-s-OFDM outer allocation MPR is to enlarge the edge region up to 4RB0. 
Proposal 1 on outer allocations for PC1.5 MPR: assuming the Edge allocation value for PC2 is still required for some WOLA design, PC1.5 EDGE MPR is at least 6.5dB for all modulation regardless of antenna isolation and the region is extended to edge 4RB to enable outer allocation improvement for DFT-s-OFDM with 20dB isolation (FWA).
Outer allocations
In our measurements, outer allocations need:
· Up to 2.5dB MPR for DFT-s-OFDM QPSK 2Tx 10dB isolation (but 1dB additional might be needed for ET RIMD based on previous RAN4 experience) vs 4dB
· Up to 4.5dB MPR for CP-OFDM QPSK 2Tx 10dB isolation (but 1dB additional might be needed for ET RIMD based on previous RAN4 experience) vs 6dB
· Up to 2dB MPR for DFT-s-OFDM QPSK 2Tx 20dB isolation (but addition for ET RIMD must be evaluated) vs 4dB
· Up to 4dB MPR for CP-OFDM QPSK 2Tx 20dB isolation (but addition for ET RIMD must be evaluated) vs 6dB
Observation: 
· Accounting for ET higher RIMD, there is 0-0.5dB outer MPR improvement possible for Smartphone (10dB isolation)
· Large form factor UEs (20dB isolation) could benefit of up to 2dB improvement pending evaluation of the derating for ET at 20dB isolation

Proposal 2 on QPSK outer allocations:
· Pending approval of Proposal 1
· 1-2dB Improvement for large form factor should be further evaluated by assessing additional RIMD impact of ET
· Improvement of outer MPR for smartphone is lower priority and needs careful checks

Inner allocations
In our measurements, for inner allocations, there are a few aspects to consider: all inner in PC3 and PC2 are only limited per relative requirements (ACLR, EVM, IBE), for PC1.5 there are cases where SEM is the limiting factor leading to additional MPR and it should be checked if this may be higher than what is needed for EVM.
The measurements show:
· Up to 1dB MPR for DFT-s-OFDM QPSK 2Tx 10dB isolation (but 0.5dB additional might be needed for ET RIMD based on previous RAN4 experience) vs 1.5dB
· Up to 2dB MPR for CP-OFDM QPSK 2Tx 20dB isolation (but 0.5dB additional might be needed for ET RIMD based on previous RAN4 experience) vs 3dB
· Up to 0.5dB MPR for DFT-s-OFDM QPSK 2Tx 10dB isolation (but addition for ET RIMD must be evaluated but should be small) vs 4dB
· Up to 1dB MPR for CP-OFDM QPSK 2Tx 20dB isolation (but addition for ET RIMD must be evaluated but should be small) vs 3dB
Observation: 
· Accounting for ET higher RIMD, there is no outer DFT-s-OFDM MPR improvement possible for Smartphone (10dB isolation) with only a small improvement for CP-OFDM which still needs to ensure that EVM is not affected by RIMD. 
· Large form factor UEs (20dB isolation) could benefit of up to 2dB improvement pending evaluation of the derating for ET which should be small at 20dB isolation and also EVM should be less affected

Proposal 3 on QPSK inner allocations:
· 1.5-2dB Improvement for large form factor should be further evaluated by assessing additional RIMD impact of ET and checking EVM (but impact should be low at 20dB isolation)
· Improvement of inner MPR for smartphone is lower priority and needs careful checks of ET RIMD and EVM
Higher order modulations
In our initial papers we have shown that RIMD only influences 256QAM and marginally 64 QAM, even with ET this should be the case as there is only 0.5dB RIMD further contribution at low back-off. In that respect the PC1.5 MPR increase by 3dB for 256QAM vs PC2 across all allocations seems excessive, especially if 20dB isolation can be assumed for large form factor (FWA CPE) and needs to be re-assessed
Proposal 4 on higher order modulation:
· The need for large additional PC1.5 back-off for inner and outer 256 QAM and 64QAM should be reassessed accounting for only RIMD contribution with priority for large form factor UE (20dB isolation)
Conclusions
In this contribution, we provide the summary of a back-off needed to meet emission for 1Tx PC2 and all modes of 2Tx PC1.5 for a significant set of allocations and bandwidths, this allows us to make the following proposals.

Proposal 1 on outer allocations for PC1.5 MPR: assuming the Edge allocation value for PC2 is still required for some WOLA design, PC1.5 EDGE MPR is at least 6.5dB for all modulation regardless of antenna isolation and the region is extended to edge 4RB to enable outer allocation improvement for DFT-s-OFDM with 20dB isolation (FWA).
Proposal 2 on QPSK outer allocations:
· Pending approval of Proposal 1
· 1-2dB Improvement for large form factor should be further evaluated by assessing additional RIMD impact of ET
· Improvement of outer MPR for smartphone is lower priority and needs careful checks

Proposal 3 on QPSK inner allocations:
· 1.5-2dB Improvement for large form factor should be further evaluated by assessing additional RIMD impact of ET and checking EVM (but impact should be low at 20dB isolation)
· Improvement of inner MPR for smartphone is lower priority and needs careful checks of ET RIMD and EVM

Proposal 4 on higher order modulation:
· The need for large additional PC1.5 back-off for inner and outer 256 QAM and 64QAM should be reassessed accounting for only RIMD contribution with priority for large form factor UE (20dB isolation)
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5MHz_1RB0 edgemin 3.5 SEM_1stM 26 0 6.5 SEM_1stM 26.5 2.5 26.6 2.4 3dB+0/0RIMD => spectrum 0.1 2.5 2.4

5MHz_2RB0 edgemax 3.5 SEM_1stM 25.2 0.8 6.5 SEM_1stM 27.2 1.8 27.2 1.8 3dB+0/0RIMD => spectrum 0 1 1

5MHz_25RB0 outermax 1 ACLR 25 1 4 SEM-10 27 2 27.5 1.5 3dB+1.1/0.1RIMD change of limit 0.5 1 0.5

5MHz_1RB1 innermin 0 SEM-10 -4 na 1.5 SEM-10 -0.5 na -1.5 na 3dB+0.5/0.2RIMD 0.3 1.2 0.8

5MHz_1RB6 innermin 0 SEM_1stM -9.5 na 1.5 SEM_1stM -5.5 na -6.5 na 3dB+1/0.2RIMD 0.3 1.3 1.0

5MHz_12RB6 innermax 0 SEM_1stM -6.5 na 1.5 SEM_1stM -2.5 na -3.5 na 3dB+1/0.2RIMD 0.3 1.3 1.0

20MHz_1RB0 edgemin 3.5 SEM-13 -4 na 6.5 SEM-13 28.2 0.8 28.8 0.2 3dB+3/2RIMD 0.6 2.1 1.5

20MHz_100RB0 outermax 1 ACLR 25 1 4 ACLR 27.2 1.8 27.5 1.5 2.2dB/1dB RIMDimpact 0.3 0.8 0.5

20MHz_1RB1 innermin 0 SEM-13 -4.5 na 1.5 SEM-13 28.5 0.5 28.8 0.2 3dB+3.5/2.5RIMD 0.3 2.0 1.7

20MHz_1RB26 innermin 0 SEM-10 -6.5 na 1.5 SEM-10 -0.5 na -1.5 na 3dB+3/2RIMD 0.3 2.0 1.7

20MHz_50RB26 innermax 0 SEM-10 -4.5 na 1.5 SEM-10 28.6 0.4 29 0 3dB+2.5/1.5RIMD 0.4 1.9 1.5

50MHz_135RB0 outer 1 ACLR 25.3 0.7 4 ACLR 26.8 2.2 27.2 1.8 4/3dB RIMDimpact 0.4 1.5 1.1

50MHz_270RB0 outermax 1 ACLR 25 1 4 ACLR 27 2 27.3 1.7 3/2dB RIMD impact 0.3 1 0.7

5MHz_1RB0 edgemin 3.5 SEM_1stM 26 0 6.5 SEM_1stM 26.2 2.8 26.6 2.4 3dB+0.6/0.1RIMD 0.4 2.8 2.4

5MHz_2RB0 edgemax 3.5 SEM_1stM 24.6 1.4 6.5 SEM_1stM 26.2 2.8 26.6 2.4 3dB+1.5/1RIMD 0.4 1.4 1

5MHz_25RB0 outermax 3 ACLR 23.1 2.9 6 ACLR 25.6 3.4 25.9 3.1 1/0.1dB RIMD impact 0.3 0.5 0.2

5MHz_1RB1 innermin 1.5 SEM-10 -2 na 3 SEM-10 28.5 0.5 28.8 0.2 3dB+0.5/0.1RIMD 0.3 1.2 0.9

5MHz_1RB6 innermin 1.5 SEM_1stM -6.5 na 3 SEM_1stM -1.5 na -2.5 na 3dB+2/1RIMD 0.3 1.7 1.3

5MHz_12RB6 innermax 1.5 SEM_1stM -2.5 na 3 SEM_1stM 28.5 0.5 28.9 0.1 3dB+1/0.1RIMD 0.4 1.3 0.9

20MHz_1RB0 edgemin 3.5 SEM-13 -1.8 na 6.5 SEM-13 27.5 1.5 28 1 3dB+2/1RIMD 0.5 2.1 1.6

20MHz_106RB0 outermax 3 ACLR 23 3 6 ACLR 24.8 4.2 25.3 3.7 3/2dB RIMD impact 0.5 1.2 0.7

20MHz_1RB1 innermin 1.5 SEM-13 -1.5 na 3 SEM-13 27.4 1.6 27.9 1.1 3dB+3/2RIMD 0.5 2.1 1.6

20MHz_1RB26 innermin 1.5 SEM-10 -4 na 3 SEM-10 28.5 0.5 29 0 3dB+2.5/1RIMD 0.5 1.8 1.3

20MHz_53RB26 innermax 1.5 SEM-10 -1.5 na 3 SEM-10 27.6 1.4 28 1 3dB+3.5/2.5RIMD 0.4 1.9 1.5

50MHz_135RB0 outer 3 ACLR 23.3 2.7 6 ACLR 25.1 3.9 25.4 3.6 3.5/2.5dB RIMD impact 0.3 1.2 0.9

50MHz_270RB0 outermax 3 ACLR 23 3 6 ACLR 24.8 4.2 25.2 3.8 4/2.5dB impact 0.4 1.2 0.8
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