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Introduction
At RAN4#99e, initial MSD evaluation due to the transmission of three uplink (UL) component carriers was evaluated for several EN-DC combinations and different power classes [1]. In this contribution, we bring measurements of forward triple-beat (TB) IMD and reverse TB IMD emission levels that fall into the downlink E-UTRA band 3 for DC_3A-n41C. This document is a revision of R4-2202034 and presents the missing measurement data.
Discussion
Triple-Beat Coupling Paths
For this measurement campaign, we assume the separate antenna architecture for DC_3A_n41C as shown in Figure 1. We adopt the terminology of [1] where the term “Jammer” denotes the band that contains the single carrier, i.e., the E-UTRA FDD Band 3. Both the Power Amplifiers (PAs) and the low noise amplifiers (LNAs) are the considered as source of triple beat intermodulation distortion (IMD) products. TB IMDs may result from the coupling of the n41C dual component carriers (CCs) and the band 3 single uplink carrier into each PA or into the B3 LNA through several RF coupling paths. Figure 1 focuses only on key coupling paths, labelled  to  as listed below:
· n41 PA: 	path  from B3 PA output pin to n41 PA input pin via limited PCB isolation;
· n41 PA: 	path  from B3 PA output pin to n41 PA output pin via limited PCB isolation;
· n41 PA:	path  from B3 PA output pin to n41 PA output pin via antenna to antenna isolation and rejection of n41 BPF;
· B3 PA: 	path  from n41 PA output pin to B3 PA input pin;
· B3 PA: 	path  from n41 PA output pin to B3 PA output pin;
· B3 LNA:	path  from n41 PA output to B3 LNA input via antenna/antenna coupling and B3 duplexer antenna port to receiver (Rx) port + path  from B3 PA to B3 LNA input via limited B3 duplexer Tx / Rx port isolation;
· Other coupling paths are omitted.
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[bookmark: _Ref92903265]Figure 1 Triple Beat Coupling Paths. Left: assumed separate antenna architecture overview, Right: zoom on PAs possible coupling paths.
Due to limited time, we present measurements of Triple Beat (TB) IMD generated solely by the TDD band n41 PA through coupling path  (limited PCB isolation) and path  (antenna isolation + n41 filter rejection at B3 tx carrier frequency). Coupling path  is ignored since the worst-case PCB isolation is greater than the path  PA to PA reverse isolation. MSD analysis therefore focuses on TB IMD generated by the band n41 PA that couples into the primary B3 LNAs via path  and to the B3 diversity LNA via path . Further studies are needed to evaluate both the B3 PA TB IMD products (forward path  and reverse path ) and the B3 LNA TB products. We believe MSD may be dominated by the LNA TB (path  + ), as indicated by [1], but we were not able to bring data at this meeting. Throughout the remaining of this document, we use the acronyms “o/p” and “i/p” to refer to “output” and “input” respectively.

Power Amplifier Calibration / RF parameters
The band n41 PA is calibrated using a 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge to meet ACLR -30dBc with 1 dB MPR- PC3, and the following assumptions:
- Post PA losses: 4dB; 
- Power Class 3 (PC3) operation; 
- Local Oscillator (LO) leakage: -28dBc; 
- IQ Image rejection: -28dB;
- Candidate waveforms to explore triple beat B3 MSD levels, with xRBy denoting, LCRB of “x” RBs at RBstart position of “y”: 
- For band n41C, the UL-CA carrier is modulated at 2590MHz with:
· LCRB/RBstart of 1R030 + 1R127 for CC1 and CC2 respectively;
· CC1 and CC2 are 60MHz CBW carriers modulated DFT-s-OFDM QPSK SCS30kHz;
- For band 3: a fully allocated 5MHz channel bandwidth (CBW) DFT-s-OFDM QPSK SCS15kHz is modulated at 1782.5MHz;
· The waveforms are filtered at the PA input port so that the waveform noise floor at the victim’s carrier frequencies is below thermal noise level;
· A triple Beat product is expected centered at 1877.4MHz, i.e. only 100kHz offset from the B3 DL carrier. The RB allocations have been selected to ensure the n41C IMD15 products collides with the TB product falling in B3 DL;
· Power levels: 
· the n41 PA output power level is swept from 13 to 27dBm. For n41C, it is possible to find a combination of aggregated CBW and RB tone spacing such that the emission levels can be met at 20dBm antenna referred output power level, i.e. 24dBm referred to PA output port. For PC3 DC_3A_n41C, we therefore evaluate B3 MSD for TB IMD levels measured at 24dBm output power level;
· the B3 UL carrier is kept constant at 24dBm emulating 20dBm at the antenna port.

For the remaining RF parameters, Table 1 captures our assumptions which are based on assumptions from previous DC_3_n41 MSD analyses [2.3].
[bookmark: _Ref92918449]Table 1 Some RF parameters from [2] and [3], this paper.
	
	[2]
	[3]
	This paper

	Antenna Isolation
	10 dB
	10 dB
	10 dB

	n41 bandpass filter (BPF) attenuation @ B3 TX
	43 dB
	
	32 to 50dB

	n41 BPF attenuation @ B3 RX
	44 dB
	32 dB
	32 to 50dB

	PCB isolation (Forward path ) 
	60 dB
	
	60 to 80dB

	B3 antenna to n41 PA output port rejection (reverse path ) 
	
	
	42 to 60dB



Reverse IMD Results & MSD analysis
Figure 2-left shows the measured reverse TB IMD levels for antenna referred power levels of 20dBm for B3 and 20,21,22,23 dBm for band n41. The reverse TB IMD increases by approximately 5.5 to 6dB dB for every 1 dB increase in n41 Tx power level. The TB levels reported at 23dBm n41 Tx power level are reported for information purposes only, and for EN-DC PC3 operation, the analysis focuses on n41 20dBm as shown in green bars in Figure 2-right.
For the 42dB PA to PA total reverse isolation, the TB IMD level is approximately -54dBm/4.515MHz. The MSD is evaluated in Figure 3 and ranges from 3 to 2dB for 42 to 60dB PA to PA reverse isolation respectively.
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[bookmark: _Ref92921842]Figure 2 Reverse TB IMD power level vs PA to PA output port isolation for 20dBm B3 antenna referred Tx level. Left: TB vs n41 Tx power levels of 20,21,22,23 dBm (antenna referred), Right: reverse TB IMD for 20dBm+20dBm B3/n41.
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[bookmark: _Ref92924305]Figure 3 PC2 DC_3A_n41C B3 MSD analysis for 32dB reverse TB rejection by n41 BPF vs PA to PA reverse isolation.

Forward IMD Results & MSD analysis
Figure 4-left shows the measured reverse TB IMD levels for antenna referred power levels of 20dBm for B3 and 20,21,22,23 dBm for band n41. The reverse TB IMD increases by approximately 2.5 to 3dB dB for every 1 dB increase in n41 Tx power level. The TB levels reported at 23dBm n41 Tx power level are reported for information purposes only, and for EN-DC PC3 operation, the analysis focuses on n41 20dBm as shown in green bars in Figure 4-right. The overlaid dashed line reproduces the reverse TB IMD level measured for a total B3 PA o/p to n41 PA o/p total isolation of 42dB, i.e. 10dB antenna isolation + 32dB n41 BPF rejection at B3 Tx carrier frequency (Figure 2-right). It can be seen that for PC3 EN-DC operation, the forward TB dominates over the reverse TB for PCB isolations <= 70dB. From Figure 2-left, it can be seen that the reverse TB may reach the same level as the FWD TB at 65dB PCB isolation when n41 Tx power level is increased from 20dBm to approximately 21.5dBm.
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[bookmark: _Ref92921048]Figure 4 Forward TB IMD power level vs B3 PA o/p port to n41 PA i/p port isolation for 20dBm B3 antenna referred Tx level. Left: TB vs n41 Tx power levels of 20,21,22,23 dBm (antenna referred), Right: reverse TB IMD for 20dBm+20dBm B3/n41.Dashed line = reverse TB IMD level at 42dB PA to PA reverse isolation (from Figure 2-right).
Figure 5 estimates the PC3 B3 5MHz MSD assuming worst-case 32dB rejection of the forward TB product by the n41 bandpass filter (BPF) and 10dB n41 antenna isolation to B3 primary antenna port and B3 diversity antenna port. The MSD ranges from 12dB for worst-case 60dB PCB isolation to 2.3 dB for 80dB PCB isolation. In [1] 11.8dB MSD was found for DC_3_n41C, however this MSD was dominated by the LNA TB IMD, not by the PA forward TB product.
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[bookmark: _Ref92922061]Figure 5 B3 MSD analysis for 32dB forward TB rejection by n41 BPF vs PCB isolation
The B3 5MHz MSD is plotted vs PCB isolation vs the n41 filter rejection due to forward TB is plotted in Figure 6 for PC3 DC_3A_n41C. MSD can be neglected for n41 BPF rejection of TB product greater than 44dB approximately.
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[bookmark: _Ref92962403]Figure 6 B3 MSD vs PCB isolation vs forward TB rejection by n41 BPF
Observation: 
· For PC3 operation, forward TB IMD dominates over the reverse TB IMD for PCB isolations <= 70dB;
· The worst case PC3 B3 5MHz MSD is approximately 12dB for 32dB rejection of the TB product by n41 BPF. In previous work [1], the same level of MSD was found, but the MSD was dominated by the LNA contribution, not by the PA.
· The reverse TB IMD may reach the same level as the FWD TB at 65dB PCB isolation when n41 Tx power level is increased from 20dBm to approximately 21.5dBm. For PC2 operation, it is therefore expected that the PA reverse IMD may become an important MSD contributor; In [1], MSD for PC2 DC_3A_n41C is estimated at close to 20dB and is dominated by LNA contribution.
Discussion on Analysis Framework
Based on the measurement observations, we make the following proposal.
Proposal: Interested companies are encouraged to further study the FDD band MSD due to triple beat IMD vs PCB isolation and TDD band filter rejection, in particular:
· Further study both the FDD and the TDD PAs forward and reverse TB IMD contribution;
· Further study the LNA TB IMD contribution;
· Further study the FDD band MSD for PC3 and PC2 EN-DC operation.

Conclusions
This paper presents triple-beat IMD measurement data focusing on the TDD band PA forward and reverse IMD measurements for PC3 DC_3A_n41C. The data indicates that for PC3, and for PCB isolation <70dB, the B3 FDD band MSD is dominated by the forward TB IMD products. However, as the TDD band transmit power level is increased to 21.5dBm (antenna referred), the reverse TB IMD may reach the same level as the forward TB level for PCB isolations of 65dB and may therefore become an important contributor. We invite interested companies to further study FDD band MSD due to triple beat IMD and make following proposal.
Observation: 
· For PC3 operation, forward TB IMD dominates over the reverse TB IMD for PCB isolations <= 70dB;
· The worst case PC3 B3 5MHz MSD is approximately 12dB for 32dB rejection of the TB product by n41 BPF. In previous work [1], the same level of MSD was found, but the MSD was dominated by the LNA contribution, not by the PA.
· The reverse TB IMD may reach the same level as the FWD TB at 65dB PCB isolation when n41 Tx power level is increased from 20dBm to approximately 21.5dBm. For PC2 operation, it is therefore expected that the PA reverse IMD may become an important MSD contributor; In [1], MSD for PC2 DC_3A_n41C is estimated at close to 20dB and is dominated by LNA contribution.

Proposal: Interested companies are encouraged to further study the FDD band MSD due to triple beat IMD vs PCB isolation and TDD band filter rejection, in particular:
· Further study both the FDD and the TDD PAs forward and reverse TB IMD contribution;
· Further study the LNA TB IMD contribution;
· Further study the FDD band MSD for PC3 and PC2 EN-DC operation.
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