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Introduction
In the RAN#92 e-meeting, it was decided that the specification of contiguous UL CA will be conducted under the intra-band basket WI [2] as proposed in [1]. In this contribution we present PC2 measurements based on 2 PC3 PAs that are compared with 1TX PC3 and PC2 measurements and also discuss waveform choice for SD-CDD.
Discussion
TxD SD-CDD choice and PA calibration
For a long time transparent Tx Diversity (TxD) PC2 based on two PC3 PAs has been discussed without much data exchanged and moreover it has been fairly difficult to agree on the usual evaluation assumption which are an essential step to reach agreement.

One critical aspect is to have a good understanding on what waveforms are used by different companies, which is complex for a feature that is transparent. Still it is clear that a candidate that has been evaluated in both RAN1 and RAN4 is Small-Delay Cyclic Delay Diversity. However it has not been possible to agree on any delay value or how the UEs claiming TxD support will be verified for employing a technique insuring good reception at the BS.

In order to at least set a value for our measurement and ensure that those are not impacted by the recombination of the two path waveforms through the coupling of the two PAs in our setup, we evaluated:
· SD-CDD with 150, 300, 600 and 1200ns delay
· Dual layer MIMO by using an uncorrelated data stream as a reference

Where we measured the spectrum of many waveforms at max power and two frequencies and display the 20MHz QPSK 106RB0 CP-OFDM in Figure1 as an example:
· PA1 output alone (Meas_Pout1)
· PA2 output alone (Meas_Pout2)
· PA1 output with PA2 coupled to reproduce the 10dB antenna isolation and 4dB post PA loss (Meas_PA1)
· PA2 output with PA1 coupled to reproduce the 10dB antenna isolation and 4dB post PA loss (Meas_PA2)
· The sum of the signals via a combiner to emphasize the constructive/cancelling effect (Meas_PA1PA2)
· Calculated the sum of PA1 + PA2 like agreed for the requirement (Calc_PA1PA2)

To decode the waveform names, after the allocation type 106R0:
· D1 means 150ns SD-CDD delay followed by frequency in MHz
· D2 means 300ns SD-CDD delay followed by frequency in MHz
· D3 means 600ns SD-CDD delay followed by frequency in MHz
· D4 means 1200ns SD-CDD delay followed by frequency in MHz
· NO means non correlated case (2 layer MIMO equivalent)
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Figure 1: output power measurements of PA1 and PA2 for different delays and frequencies at different points and coupling
It can be seen that for delays <600ns, the PA1 and PA2 output power is impacted via the coupling versus the standalone case, this is highly visible on the combined signals as the coupling is at equal power, but is also visible for the calculated sum. Since simulation have shown that 300ns could be a good target for 30kHz SCS, 600ns can work for our 15kHsz SCS measurements.
Observation: a SD-CDD delay of 600ns is used for 15 kHz SCS measurements

In order to provide part of this data we launched into an extensive set of measurements looking into:
· Single APT PA PC2 and PC3 emissions, 2 coupled APT PC3PAs emissions with 10dB antenna isolation (with 4dB antenna loss for all). EVM was not reassessed.
· The PC2 PA is calibrated for 31dB ACLR with usual calibration waveforms while the PC3 PAs are calibrated for 30dB ACLR but the 2xPC3 PA is then measured against the 31dB PC2 requirement with the sum of the signals of each transmit paths.
· 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 PC3 or PC2 move to absolute limit in 2Tx PC2 (we have found some of those)
· Measured on a PC2 and PC3 capable n77 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 for TxD but 1 or 2 layer UL MIMO are also checked and 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 PC3 PA, 
· 1Tx 2xPC2 PA
· 2Tx 2xPC3 PA at 10dB isolation for TxD but verified for UL MIMO 1 and 2 layers

The maximum output power or worst-case margin and associated limit are reported with back-off and the current MPR values, but also the back-off delta between 1Tx PC2 and 2Tzx PC2 with two PC3 PAs is given in the last column.
Table 1: Summary of 1TX PC3, PC2 and 2Tx PC2measurements
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Observations: 
· There are two inner case (orange highlight) where the limit changes from relative (ACLR) for PC3 to absolute (SEM) for 1TX PC2 and 2Tx PC2
· There are inner cases (yellow highlight) where 1Tx PC3 and PC2 had margins for emissions but 2Tx PC2 needs MPR due to 3dB higher PSD, 1dB higher ACLR 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 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.
· For ACLR cases, 2Tx PC2 has to compensate for 1dB higher ACLR and the additional RIMD contribution
· For SEM cases, the needed 2Tx PC2 backoff has to account for 3dB higher PSD vs 1Tx PC3 but also has to compensate for the 1dB lower linearity versus 1Tx PC2 
· RIMD impact is seen and varies with the slope of the SEM/ACLR and waveform PAPR. It is expected that this difference is higher for ET due to higher RIMD impact.
· When comparing required back off with 1Tx PC2, 2Tx PC2 based on two PC3 PAs we observe that:
· The cases where the limit changes from relative (ACLR) to absolute (SEM) see the higher back-off increase (>1dB)
· Otherwise the additional back off is less than 1dB and in most inner cases emissions are not limiting and the cases that become emission limited need very little back off.
· 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 and required 3.5dB of MPR compared to the 1dB for DFT-s-OFDM outer. 
Allowing for the same design in 2Tx PC2 with two PC3 PAs means that edge allocations can be the same since they are not related to PA non-linearity and thus are not subject to the RIMD or the 1dB lower linearity related to ACLR. 
Proposal 1 on outer allocations for 2xPC3Tx PC2 MPR: 1Tx PC2 edge MPR can be reused for 2Tx PC2.
Outer allocations
In our measurements, 2xPC3 PC2 outer allocations need up to 1dB extra MPR for both CP-OFDM and DFT-s-OFDM QPSK compared to 1Tx PC2, but 1dB additional might be needed for ET RIMD based on previous RAN4 experience and may need further checks.
Proposal 2 on QPSK outer allocations: 1dB additional MPR is added for outer compared to 1Tx PC2.
Inner allocations
In our measurements, for inner allocations, there are a few aspects to consider: all inner in 1Tx PC3 and PC2 are only limited per relative requirements (ACLR, EVM, IBE), for 2xPC3 2Tx PC2, 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. At least 0.5dB would be needed for inner DFT-s-OFDM and, given our experience we do not anticipate additional MPR for EVM for QPSK.
Proposal 3 on QPSK inner allocations: 2Tx PC2 based on two PC3 PAs should have the following MPR
· 0.5dB for DFT-s-OFDM QPSK inner (vs 0 for 1Tx PC2) due to SEM issue.
· For CP-OFDM, the 1.5dB MPR seem sufficient to absorb the SEM issue
Higher order modulations
In our initial papers for PC1.5 MPR we have shown that RIMD only influences 256QAM and marginally 64 QAM EVM, 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 PC2 MPR might need only some small additional back-off for 256 QAM and potentially for 64QAM.
Proposal 4 on higher order modulation: The need for a small additional 2Tx PC2 back-off for inner and outer 256 QAM and 64QAM should be reassessed accounting for only RIMD contribution.
UL MIMO MPR
In our measurements we systematically checked waveforms representative to one-layer and two-layer UL MIMO and found only small differences which should enable using the same MPR table for TxD and UL MIMO when they are using 2 PC3 PAs and single port transmissions are supported with TxD.
Proposal 5 on UL MIMO MPR: TxD MPR can be reused for UL MIMO using the same PA configuration and single port transmissions are supported via TxD.
Conclusions
In this contribution, we provide the summary of a back-off needed to meet emission for 1Tx PC3 and PC2 and 2Tx PC2 based on two PC# PAs for a significant set of allocations and bandwidths, this allows us to make the following proposals.

Proposal 1 on outer allocations for 2xPC3Tx PC2 MPR: 1Tx PC2 edge MPR can be reused for 2Tx PC2.
Proposal 2 on QPSK outer allocations: 1dB additional MPR is added for outer compared to 1Tx PC2.

Proposal 3 on QPSK inner allocations: 2Tx PC2 based on two PC3 PAs should have the following MPR
· 0.5dB for DFT-s-OFDM QPSK inner (vs 0 for 1Tx PC2) due to SEM issue.
· For CP-OFDM, the 1.5dB MPR seem sufficient to absorb the SEM issue

Proposal 4 on higher order modulation: The need for a small additional 2Tx PC2 back-off for inner and outer 256 QAM and 64QAM should be reassessed accounting for only RIMD contribution.

Proposal 5 on UL MIMO MPR: TxD MPR can be reused for UL MIMO using the same PA configuration and single port transmissions are supported via TxD.
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ACLR, RIMD and PSD impact

delta vs 

PC2 1Tx

5MHz_1RB0 edgemin 1 SEM_1stM -3 na 3.5 SEM_1stM 26 0 SEM_1stM 26 0 +3dB +no RIMD 0

5MHz_2RB0 edgemax 1 SEM_1stM 22.7 0.3 3.5 SEM_1stM 25.3 0.7 SEM_1stM 24.7 1.3 +3dB +no RIMD 0.6

5MHz_25RB0 outermax 1 ACLR 22 1 1 ACLR 25 1 SEM-10 24.4 1.6 1dB ACLR+3dB RIMD  0.6

5MHz_1RB1 innermin 0 SEM-10 -7.5 na 0 SEM-10 -4 na SEM-10 -2 na +3dB +2.5 RIMD 0.7

5MHz_1RB6 innermin 0 SEM_1stM -11 na 0 SEM_1stM -9 na SEM_1stM -6.5 na +3dB +2.5 RIMD 0.8

5MHz_12RB6 innermax 0 SEM_1stM -8.5 na 0 SEM_1stM -6 na SEM_1stM -3 na +3dB +2.5 RIMD 1.0

20MHz_1RB0 edgemin 1 SEM-13 -5.5 na 3.5 SEM-13 -3 na SEM-13 -1 na +3dB +1.5RIMD 0.7

20MHz_100RB0 outermax 1 ACLR 22 1 1 ACLR 25 1 ACLR 24.2 1.8 1dB ACLR+1dB RIMD  0.8

20MHz_1RB1 innermin 0 SEM-13 -6 na 0 SEM-13 -5 na SEM-13 -2 na +3dB +3RIMD 1.0

20MHz_1RB26 innermin 0 SEM-10 -9 na 0 SEM-10 -6 na SEM-10 -3 na +3dB +3RIMD 1.0

20MHz_50RB26 innermax 0 ACLR -3.5 na 0 SEM-10 -4.5 na SEM-10 25.8 0.2 +3dB +1RIMD change to SEM 1.7

50MHz_135RB0 outer 1 ACLR 22.3 0.7 1 ACLR 25.3 0.7 ACLR 24.5 1.5 1dB ACLR+2dB RIMD  0.8

50MHz_270RB0 outermax 1 ACLR 22 1 1 ACLR 25 1 ACLR 24.2 1.8 1dB ACLR+2dB RIMD  0.8

5MHz_1RB0 edgemin 3 SEM_1stM -2 na 3.5 SEM_1stM 26 0 S1M 25.3 0.7 +3dB no RIMD 0.7

5MHz_2RB0 edgemax 3 SEM_1stM 22.2 0.8 3.5 SEM_1stM 24.6 1.4 S1M 23.8 2.2 +3dB no RIMD 0.8

5MHz_25RB0 outermax 3 ACLR 20 3 3 ACLR 23 3 ACLR 22.1 3.9 1dB ACLR+2dB RIMD  0.9

5MHz_1RB1 innermin 1.5 SEM-10 -7 na 1.5 SEM-10 -2 na SEM-10 -1 na +3dB+3dB RIMD  0.3

5MHz_1RB6 innermin 1.5 SEM_1stM -10 na 1.5 SEM_1stM -6 na SEM_1stM -5 na +3dB+1dB RIMD  0.3

5MHz_12RB6 innermax 1.5 SEM_1stM -6.5 na 1.5 SEM_1stM -2.5 na SEM_1stM -1 na +3dB+3dB RIMD  0.5

20MHz_1RB0 edgemin 3 SEM-13 -4.5 na 3.5 SEM-13 -1.5 na SEM-13 25.7 0.3 +3dB +2.5dB RIMD  0.8

20MHz_106RB0 outermax 3 ACLR 20 3 3 ACLR 23 3 ACLR 22.1 3.9 1dB ACLR+3dB RIMD  0.9

20MHz_1RB1 innermin 1.5 SEM-13 -4 na 1.5 SEM-13 -2 na SEM-13 25.8 0.2 +3dB +1.5dB RIMD  0.9

20MHz_1RB26 innermin 1.5 SEM-10 -7 na 1.5 SEM-10 -4 na SEM-10 -2 na +3dB +2dB RIMD  0.7

20MHz_53RB26 innermax 1.5 ACLR -4 na 1.5 SEM-10 -1.5 na SEM-10 25.6 0.4 +3dB +2dB RIMD change to SEM 0.9

50MHz_135RB0 outer 3 ACLR 20.5 2.5 3 ACLR 23.6 2.4 ACLR 22.7 3.3 1dB ACLR+RIMD 2dB RIMD  0.9

50MHz_270RB0 outermax 3 ACLR 20 3 3 ACLR 23 3 ACLR 22.1 3.9 1dB ACLR+RIMD 2dB RIMD  0.9
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