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Introduction
This document presents transmitter (Tx) noise measurements in the receiver (Rx) band and discusses band n3 REFSENS levels for dual PC3 transmitter UE versus single PC2 transmitter UE.
Discussion
Power Amplifier Calibration and REFSENS Assumptions
The power amplifier (PA) is calibrated using the 20 MHz channel bandwidth (CBW), SCS 15 kHz, DFT-S-OFDM QPSK 100RB0 waveform to meet:
· -30dB ACLR at 1dB power class (PC) 3 MPR for PC3 operation; and
· -31dB ACLR at 1dB PC2 MPR for PC2 operation.
We assume the following RF Front-End (RF-FE) test conditions:
· 50 dB Tx to RX and Tx to antenna duplexer rejection in Rx band; 
· 4 dB Post PA loss;
· 4 dB antenna to LNA front-end losses;
· 10dB antenna to antenna isolation;
· 3 dB antenna diversity gain;
· -1 dB SNR; 
· Previously agreed-to rules established to compute correlated and uncorrelated MRC contributions; and

the following input waveform parameters:
· Local Oscillator (LO) leakage: -28dBc;
· IQ Image rejection: -28dB;
· C-IM3: -60dBc, C-IM5: -70dBc;
· CBW: The n3 intermodulation distortion (IMD) landscape indicates that for CBW less than 30MHz, the receiver is victim of IMD order greater than IMD9, thereby leading to very low self-desensitization. This has been verified in [1] where the measured maximum sensitivity degradation (MSD) for single PC2 PA becomes less than 0.4dB for CBW less than 30MHz. This preliminary analysis therefore restricts the measurements to CBW greater than or equal to 35MHz;
· UL RB configuration: according to TS 38.101-1 specifications, i.e. 50 resource blocks (RBs) located closest to the DL carrier for channel bandwidth (CBW).

	Measurement Results and REFSENS
Throughout the rest of this document, the reported MSD levels correspond to the raw measured Tx noise level falling in the receiver band from our past contributions. The measured MSD levels are often below the agreed RAN4 MSD levels. To accommodate these differences, we previously adopted a delta-MSD approach to reach RAN4 consensus. To avoid overcomplicating this discussion paper, we do not apply the delta MSD correction factor. The objective is to compare the MSD levels of a dual PC3 transmitter UE vs. that of a single PC2 UE. We believe this comparison can be assessed in fair manner using a consistent set of data resulting from our raw measurement data, i.e., without delta MSD correction factor. The filter rejection assumptions are identical across all cases for the sake of comparing the impact of measured Tx noise levels. These assumptions may need to be revisited when absolute REFSENS levels will be discussed.
	Single PC2 PA Measurement Results
Raw MSD measurement data is reproduced in Table 1 from our previous contribution [1] for CBW greater than 30MHz. The MSD ranges from 0.8dB at 35MHz CBW to 7.2dB at 50MHz. 
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[bookmark: _Ref85633446]Observation 1: Single PC2 PA UE n3 MSD ranges from 0.8dB at 35MHz to 7.2dB at 50MHz CBW.
	Dual PC3 PA Measurement Results
During the test setup and calibration phase, it was found that the dual PA test bench that was designed to perform dual Tx MPR evaluation for high power UEs does not allow capturing accurate Tx noise in Rx band measurements. This is because the post PA combining scheme introduces too high insertion losses, thereby leading to too-high spectrum analyzer noise floor. At the time of writing, the bench is being reconfigured to lower the measurement noise floor and a complete dataset may be available prior to meeting start.
We tentatively propose here a conservative MSD analysis by assuming that, at best, each n3 receiver will experience the sum of the Tx noise leaking from its own PA and the Tx noise leakage from the other transmitter chain. Our previous dual Tx measurement shows that this is an optimistic assumption since the impact of reverse IMD mixing may increase the IMD3 level by 0.6dB. We therefore expect the initial MSD evaluations will need to be corrected once complete dual PA measurement data is available.
The dual PC3 PA MSD analysis is shown in Table 2. The measured Tx noise levels are reproduced from [2,3,4]. The MSD ranges from 1.6dB at 30MHz to 8.2dB at 50MHz CBW. These levels are approximately 1dB higher than that of a single PC2 PA UE.
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To place these values in perspective, the single PA PC3 UE MSD is evaluated with the same assumptions and the same PA Tx noise levels in Table 3. The dual PC3 PA UE MSD is a little bit more than twice the MSD level of a single PA PC3 UE.
[bookmark: _Ref85807567]Table 3: PC3 PA UE n3 MSD evaluation
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Observation 2: With MSD levels ranging from 1.6dB at 35MHz CBW to 8.2dB at 50MHz, the n3 MSD for 2TX is approximately 1dB higher than the MSD for 1 Tx. This does not account for reverse IMD mixing. Also, the PC3+PC3 n3 MSD is approximately twice the PC3 1Tx MSD level.
	Single PC2 PA vs Dual PC3 PA Challenges
Several key observations can be made for n3 PC2 operation:
· For CBW at which high IMD order collision occurs, the PC2 MSD is approximately twice the PC3 MSD. PC2 was originally proposed as a scheme to ensure the uplink PSD for 50MHz CBW is at a similar level than the legacy 20MHz CBW PSD. For this frequency band, the gain in uplink PSD comes with a downlink link budget impact. For bands with such IMD landscape, HD-FDD operation may be an elegant solution to alleviate the MSD penalty.
· Single Tx PC2 RFFE architecture: PC2 is not currently supported for mid-bands like band n3. The higher transmit power levels of PC2 operation will impact PA design, PA thermal dissipation, PA power supply management, duplexer dimensioning to support higher peak power levels while ensuring maximum reliability, filter design considerations to account for higher power dissipation, etc.  Supporting PC2 in band n3 is therefore quite challenging since this not the current design baseline. However, it should be noted that technological solutions are possible since band n41 RFFE modules support PC2 operation with filters requirements that are as stringent as an FDD band duplexer requirements. Also, a single PC2 UE only requires one duplexer, and the PC2 UE enjoys lower MPR and lower MSD than the dual PC3 PA UE. 
· The 2Tx PC3+PC3 RFFE architecture has the benefit of relying on PAs that are readily available. However, this comes with an extra filter cost since two duplexers are needed. Compared to a single PC2 PA UE, the dual Tx UE has higher MPR and higher MSD.

Observation 3: Supporting the higher PC2 transmit power levels with a single PA in band n3 presents several technological challenges for the RF-FE components (PA, DC-DC converters, filters, antenna switches, etc.). It should be noted however that technological solutions have been demonstrated for PC2 in band n41 where the n41 filter requirements are as stringent as those of an FDD band duplexer. Supporting PC2 operation with two PC3 PAs has the advantage of relying on available technology, but this architecture comes with a penalty in filter cost, uplink link budget due to higher MPR and downlink link budget due to higher MSD.
Observation 4: For the channel bandwidth where the PC2 MSD is significantly increased, it may be worth studying HD-FDD solutions as a mitigation technique.
Proposal: 1 Tx architecture should remain the baseline RF-FE architecture for PC2 FDD operation. 

Conclusions
This contribution presents measurement data of power amplifier level in n3 Rx band for PC3 and PC2 operation. We observe that for high channel bandwidth, the n3 PC2 MSD is nearly twice the PC3 MSD no matter if PC2 is supported with one PC2 PA or two PC3 PAs. For FDD bands where such high MSD penalty occurs, it may be worth evaluating HD-FDD operation as a good compromise to maintain UL PSD while minimizing the impact on DL MSD. Based on observation 3, we propose that single PC2 PA architecture should remain the baseline RF-FE architecture for PC2 FDD operation.

Proposal: 1 Tx architecture should remain the baseline RF-FE architecture for PC2 FDD operation.
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