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Introduction
In the RAN4#98b e-meeting, way forward [1] was agreed to evaluate different architecture with different PA calibrations and arrangements to derive PC2 TxDiv MPR requirement. In this contribution, we do not provide MPR data as the time was too short between the two meetings to perform these types of cumbersome measurements, but nevertheless we have performed some experiments to provide further insights on the effect of reverse IMD and its behavior with different antenna isolations in [2] in the scope of PC1.5 work, we reuse some of the elements and apply it to PC2 TxDiv.
Discussion
Important aspects for accurate evaluation of MPR including RIMD aspects for TxDiv and UL MIMO
In [2], we have discussed in detail the potential accuracy issues that arise in the evaluation of coupled PAs with reverse IMD impact and the sum of each path for emissions due to impairments in the setup, and the input waveforms used. We do not repeat the discussion, but present here the related proposal that is generic to any power class using two transmit paths to achieve the required power.

Observation summary: whether using phase shifts or delays between waveforms, the spectrum of coupled PAs or summed PA can be severely affected with nulls and ripples which will impair accuracy of measurements especially for narrow allocations.

Proposal on TxDiv and single stream UL MIMO evaluation:
· The emissions should be evaluated as the mathematical (RMS) sum of the two PA coupled spectrums and not with a physical (RF combiner) sum.
· Even so the PA coupled spectrum is subject to nulls due to phase combinations or delay which can impair measurement by up to 3dB:
· Phase and/or delay may need to be adjusted to avoid such nulling/summing effects especially for narrow allocations
· PA output power needs to be summed mathematically (RMS sum)
· Ideally for UL MIMO all 4 states should be evaluated
· Ideally for CDD based TxDiv companies should agree on which delay to use
· Reasonable margin should be allowed in the MPR as these issues will not reveal at conformance (the antenna coupling disappears with connected measurements) but will exist in the field.
· When submitting MPR values, companies should provide an assessment of the issues above in their measurement or simulation framework.

Observation: It should be noted that TxDiv and single stream UL MIMO are subject to similar spectrum impairments and thus they can use same setup and evaluation assumption. The key here is to properly decide for the CDD parameters.
Measurement experiment for CDD based transparent TxDiv
We repeat here the discussion for PC1.5 as it is relevant to the PC2 case with two PC2 PAs and also provides information that is valid for two PC3 PAs.
Since there was a limited time between the two meetings and because of all the case-by-case tuning needed to perform accurate measurements as explained in [2], we experimented with edge 1RB CP-OFDM waveforms with 2us delay between paths in different positions to avoid the frequency dependent ripple caused by the delay. Given the setup, we found that the 1RB1 20MHz QPSK CP-OFDM waveform was not affected, and measurement accuracy was within normal boundaries (~0.2dB relative between measurements). 
The waveform uses the usual TRX impairments of:
· 28dB carrier and image leakage
· 60dB CIM3
· 70dB CIM5
The two PC2 PAs are calibrated for 29dBm at 31dB ACLR for 20MHz QPSK DFT-s-OFDM 100RB0 waveform for 4dB post PA losses and 1dB MPR. 
We then used this case to do multiple measurements across power sweeps in Figure 1:
· Coupling representative of 4dB post PA losses and 10dB antenna isolation
· The key measurement that are affected by the IMDs of the wanted in image signals for 3 different PA spectrums:
· Lower ACLR (IMD3 of wanted in image)
· ACL_1 is PA1 spectrum without coupling (plain dark blue)
· ACL_2 is PA1 spectrum without coupling (plain pale blue)
· ACL_RIMD is summed spectrum of coupled PAs (plain cyan)
· ACL_NoRIMD is mathematically summed spectrum of PA1 and PA2 without coupling (dashed cyan)
· Lower -13dBm/MHz SEM part (IMD3 of wanted in image)
· S2L_1 is PA1 spectrum without coupling (plain brown)
· S2L_2 is PA1 spectrum without coupling (plain orange)
· S2L_RIMD is summed spectrum of coupled PAs (plain red)
· S2L_NoRIMD is mathematically summed spectrum of PA1 and PA2 without coupling (dashed red)
· Lower first MHz SEM (subject to spectral regrowth of 1RB at the edge)
· S0L_1 is PA1 spectrum without coupling (plain brown)
· S0L_2 is PA1 spectrum without coupling (plain orange)
· S0L_RIMD is summed spectrum of coupled PAs (plain red)
· S0L_NoRIMD is mathematically summed spectrum of PA1 and PA2 without coupling (dashed red)
Disclaimer: It should be noted that this is using an APT PA which is less sensitive to RIMD than ET PAs, it is expected that ET PAs will show larger difference w/wo RIMD especially for narrow allocation OOB IMDs. The measurement below should only be assessed for showing the behavior and differences between cases. Also Note that some of the performance of edge allocations is affected by the WOLA design in the MODEM.
Also note that for PC2 using two PC3 PAs, it is not sufficient to shift the plots by 3dB as the PA calibration is for 30dB ACLR compared to 31dB. This means that another 0.3/0.4dB back-off main be needed to recover the linearity.
[image: ]
Figure 5: ACLR, first MHz SEM, -13dBm/MHz SEM for P1 and PA2 wo RIMD, PA1+PA2 wo RIMD, PA1+PA2 w RIMD at 10dB antenna isolation:
Observations: 
· The difference between the dashed line and plain line of the same color shows the effect of reverse IMD
· It shows about 0.5dB additional back-off due to RIMD for same ACLR (31dB limit) (but should get larger for small ACLR with full allocations and for PC3+PC3 PA calibration case)
· For first MHz SEM (there is no noticeable difference as this is dominated by the WOLA shaping and is not affected much by non-linearity although it might be more visible for the further edge allocation 1RB0. Note that there can be large differences amongst companies based on the WOLA filtering trade-off chosen for emission vs EVM performance.
· It shows about 0.4dB difference due to RIMD for -13dBm/MHz lower SEM region. This one has a limit of 13dBm/MHz which is met at:
· 25.7dBm (0.3dB back-off) for stand-alone PAs (single PC2 PA case)
· 27.8dBm (1.2+0.4 dB back off for PC3+PC3 to recover linearity) for mathematically summed PAs wo RIMD but 0dB back-off for two PC2 PAs
· 1.2+0.4 dB back off for PC3+PC3 PA calibration case to recover linearity
· 0dB back-off for PC2+PC2 PA calibration case
· 27.5dBm for the PA sum with RIMD
· 1.5+0.4dB back-off for PC3+PC3 PA calibration case to recover linearity
· 0dB back-off for PC2+PC2 PA calibration case
Observation summary: 
· The effect of RIMD is noticeable but this may be more significant for ET PAs and cases with large MPR.
· The RIMD effect will not be present in the conducted measurements as the antenna coupling will be removed, but needs to be accounted for in the MPR specification as the issue will exist in the field for regulated emissions
· As expected the PC2+PC2 PA calibration case needs limited to no back-off due to the intrinsic 3dB headroom
· For the PC3+PC3 PA calibration case, additional back off compared to PC2 single PA to account for RIMD and recovering from the 30dB ACLR linearity compared to 31dB. 

Proposal on PC2 TxDiv MPR:
· MPR assessment must account for RIMD and its different behavior for different PA architectures like ET and APT
· MPR is different for different PA architectures thus it is proposed that:
· PC3+PC2 PA calibration case is not pursued
· [bookmark: _GoBack]PC2+PC2 case is covered in the specification and could at least claim an MPR derived from the PC2 single Tx case or the PC1.5 2Tx case with a delta MPR.
· PC2 2Tx PC3+PC3 case has a slightly larger MPR than PC2 1Tx to account for the CDD and RIMD impacts and linearity recovery for the different ACLR capability. Whether this MPR can be the same as for UL MIMO is FFS but could be logical due to the similarities with single stream UL MIMO
Conclusions
In this contribution, we reuse the work done in [2] for PC1.5 on the evaluation accuracy aspects and repeat here the related proposals

Proposal on TxDiv and single stream UL MIMO evaluation:
· The emissions should be evaluated as the mathematical (RMS) sum of the two PA coupled spectrums and not with a physical (RF combiner) sum.
· Even so the PA coupled spectrum is subject to nulls due to phase combinations or delay which can impair measurement by up to 3dB:
· Phase and/or delay may need to be adjusted to avoid such nulling/summing effects especially for narrow allocations
· PA output power needs to be summed mathematically (RMS sum)
· Ideally for UL MIMO all 4 states should be evaluated
· Ideally for CDD based TxDiv companies should agree on which delay to use
· Reasonable margin should be allowed in the MPR as these issues will not reveal at conformance (the antenna coupling disappears with connected measurements) but will exist in the field.
· When submitting MPR values companies should provide an assessment of the issues above in their measurement or simulation framework.

Based on measurements done in [2] we can formulate a few proposals for the PC2 TxDiv MPR.

Proposal on PC2 TxDiv MPR:
· MPR assessment must account for RIMD and its different behavior for different PA architectures like ET and APT
· MPR is different for different PA architectures thus it is proposed that:
· PC3+PC2 PA calibration case is not pursued
· PC2+PC2 case is covered in the specification and could at least claim an MPR derived from the PC2 single Tx case or the PC1.5 2Tx case with a delta MPR.
· PC2 2Tx PC3+PC3 case has a slightly larger MPR than PC2 1Tx to account for the CDD and RIMD impacts and linearity recovery for the different ACLR capability. Whether this MPR can be the same as for UL MIMO is FFS but could be logical due to the similarities with single stream UL MIMO
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