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1. Introduction
In this document, we analyze PC2 MPR for 1LO architecture
2. Discussion
2.1. WF Summary
It was agreed to take NO exceptions in the gap.

In this contribution we assess LO leakage and TX image that is necessary so that MPR is not impacted or is the equivalent to the MPR that would be produced by emissions outside the gap. 

The CC configuration can be chosen to give the worst-case in-gap emission scenario. This objective is consistent with the WF assumptions [1] reproduced in the snippet below:

Way Forward: MPR for 1LO architecture is further evaluated with the following assumptions

· 4dB post PA loss and antenna isolation of 10dB for 2Tx case

· PC3 PA is calibrated for 26dBm QPSK 20MHz 100RB0 at 30dB ACLR

· PC2 PA is calibrated for 29dBm QPSK 20MHz 100RB0 at 31dB ACLR

· No SEM, general spurious or ACLR exceptions are allowed in gap, ACLR only applies to one CC in gap if the gap is larger or equal to the CC BW

· Baseline case is where the gap is equal or smaller than the aggregated BW (-13dBm/MHz in gap worst case SEM)

· Channel configurations where critical image and/or carrier leakage falls in gap are verified

· Improved carrier and image leakage are assumed and feasible value at large back-off are assessed

· Other channel configurations that have more stringent in gap SEM requirements are not precluded but feasibility of the image and carrier leakage 

· Given that MPR may apply due to in-gap issues that are not related to IMD3 values at -13dBm/MHz or -30dBm/MHz. a separate MPR table or delta/additional MPR is defined
· Based on the GTW agreements, in-gap exceptions should clarified for 38.101-1
2.2.  Worst-case CC configuration

We evaluate the in-gap SEM emission Vs LO leakage and TX image for both PC3 case and PC2 case for the worst-case CC configuration. The worst-case CC configuration should produce the maximum in-gap noise with the highest emission requirement and is deduced as follows:
· Gap BW ≤ sum (CC1BW, CC2BW) to keep emission requirement at the maximum requirement level at -13dBm/MHz for practical LO leakage.
· Symmetric Case (CC1BW = CC2BW) can have LO in the gap, but TX image will not fall in the gap.

· Asymmetric Cases can have LO in the gap and TX image fall in the gap if gap BW ≥ min (CC1BW, CC2BW)

· Max nonlinear noise from both CCs occur in the gap occurs when Gap BW = max (CC1BW, CC2BW).

· So, the Worst-case Condition: max (CC1BW, CC2BW) ≤ Gap BW ≤ sum (CC1BW, CC2BW).
Observation 1: Worst-case Condition: max (CC1BW, CC2BW) ≤ Gap BW ≤ sum (CC1BW, CC2BW).

Note that if the Gap BW exceeds the sum of the component carrier BWs, the in-gap emission requirement cannot be practically met, and the UE would have the option to divert to the 2PA solution. 
2.3. In-gap Measurements

We analyze and measure the case where the Gap BW = max (CC1BW, CC2BW), and the case study is 20MHz (CC1) + 40MHz gap + 40MHz (CC2) as shown in Figure 1. This configuration is consistent as to what was shown in [2]. This scenario is where the sum of the non-linear noise from both CCs, TX image, and LO can sum in the gap to give the worst-case emission.
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Figure 1: Worst-case NC ULCA configuration to analyze/measure in-gap emission

PA calibration: -31dBc single CC ACLR full allocation MPR1 for PC2 (4dB FE loss) and -30dBc single CC ACLR full allocation MPR1 for PC2 (4dB FE loss)

Measurement values are referred to the antenna. We look at various cases with no LO leakage or image, and varying levels of LO leakage and TX image as shown. We choose to measure 1RB + 100RB partially allocated asymmetric case and 100RB+216RB fully allocated asymmetric case.
We find the maximum LO leakage and TX image where the back-off chosen for the in-gap emission is no larger than the back-off chosen for the general spurious out-of-gap emission. Measurement data and plots are shown in section 4.1.
Observation 2:
· LO leakage and TX image need to be -35dBc/-40dBc respectively for practical ACLR margin and in-gap emission margin. 

· For PC2, we show that to avoid any additional MPR due to in-gap emission, we need 10.5dB back-off.

· For PC3, we show that to avoid any additional MPR due to in-gap emission, we need 9dB back-off.

· If the UE cannot attain these target LO/Image levels, then it would have the option to divert to a 2PA architecture

2.4. IMD measurements, MPR, and specification consistency
IMD measurements were taken for power class 2 and power class 3 for the worst-case CC configuration defined in section 2.3. The measurements taken are shown in section 4.2. The following observations can be made
Observation 3:

· At maximum RB allocation, the back off to meet the general spurious requirement is equivalent to the back-off required to meet the in-gap emission requirement.

· PC3 NC ULCA for dual PA requires 2dB lower back-off than the equivalent PC3 NC ULCA 1PA. 

· IM5 to meet -30dBm/MHz requires almost the same back-off as IM3 to meet -13dBm/MHz.

· For PC2, the MPR for 1TX NC ULCA is aligned with the CCA non-contiguous allocation outer 2 MPR.
· For PC3, the MPR for 1TX NC ULCA is aligned with the CCA non-contiguous allocation outer 2 MPR.

One important note to be made in observation 3 is that there is a tradeoff between having 1TX architecture which could deploy ULMIMO but at a cost of 2dB more back-off than the 2TX architecture for the same equivalent TX bandwidth. Another note is that the 1TX NC ULCA measurements taken in section 4.2 align with the 1TX NC ULCA simulations completed in [3] in RAN4#96-e. Lastly, there seems to be specification consistency as noted by last 2 bullet points in observation 3. Based on the data and observations, the following MPR proposal can be made for 1TX NC ULCA for PC3 and PC2.
Proposal 1: No delta MPR is required for in-gap emission. UE just have option for 2TX architecture if 1TX architecture requirements cannot be met. 

Proposal 2a: MPR for 1TX PC2 for IM3 to meet -30dBm/MHz
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3. Conclusion

Observation 1: Worst-case Condition: max (CC1BW, CC2BW) ≤ Gap BW ≤ sum (CC1BW, CC2BW).

Observation 2:

· LO leakage and TX image need to be -35dBc/-40dBc respectively for practical ACLR margin and in-gap emission margin. 

· For PC2, we show that to avoid any additional MPR due to in-gap emission, we need 10.5dB back-off.

· For PC3, we show that to avoid any additional MPR due to in-gap emission, we need 9dB back-off.

· If the UE cannot attain these target LO/Image levels, then it would have the option to divert to a 2PA architecture

Observation 3:

· At maximum RB allocation, the back off to meet the general spurious requirement is equivalent to the back-off required to meet the in-gap emission requirement.

· PC3 NC ULCA for dual PA requires 2dB lower back-off than the equivalent PC3 NC ULCA 1PA. 

· IM5 to meet -30dBm/MHz requires almost the same back-off as IM3 to meet -13dBm/MHz.

· For PC2, the MPR for 1TX NC ULCA is aligned with the CCA non-contiguous allocation outer 2 MPR.

· For PC3, the MPR for 1TX NC ULCA is aligned with the CCA non-contiguous allocation outer 2 MPR.

Proposal 1: No delta MPR is required for in-gap emission. UE just have option for 2TX architecture if 1TX architecture requirements cannot be met. 
Proposal 2a: MPR for 1TX PC2 for IM3 to meet -30dBm/MHz
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4. Measurements
4.1. In-gap

4.1.1.  PC2; 20M+40M gap+40M; 1RB+100RB
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Plot represents ~-35dBc LO leakage and ~ -40dBc Image

LO leakage and image floor the ACLR to ~ -32.5dBcVs backoff

General Spurious failure has not been reached; but in-gap emission has been reached at 10.5dBV back-off
4.1.2.  PC2; 20M+40M gap+40M; 100RB+216RB
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Plot represents ~-35dBc LO leakage and ~ -40dBc Image

LO leakage and image floor the ACLR to ~ -32dBc Vs backoff

General Spurious failure has been reached; and in-gap emission has also been reached at 10.5dB back-off
4.1.3.  PC3; 20M+40M gap+40M; 1RB+100RB
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Plot represents ~-35dBc LO leakage and ~ -40dBc Image

LO leakage and image floor the ACLR to ~ -32dBc Vs backoff

General Spurious failure has NOT been reached; and in-gap emission has also been reached at ~ 8.5dB back-off
4.1.4.  PC3; 20M+40M gap+40M; 100RB+216RB
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Plot represents ~-35dBc LO leakage and ~ -40dBc Image

LO leakage and image floor the ACLR to ~ -31 dBc Vs backoff

General Spurious failure has NOT been reached; and in-gap emission has also been reached at ~ 9.1dB back-off
4.2. IMD

4.2.1.  PC2
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4.2.2.  PC3
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