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1	Introduction
One of the objectives of the WI 800078, LTE_NR_B41_Bn41_PC29dBm, is to improve the structure and performance of the A-MPR definition for B41/n41 EN-DC.   From the WID:
· Improvements to A-MPR/MPR for 26 dBm n41 and B41/n41 EN-DC are in scope.
The Rel-15 definition of A-MPR for B41/n41 EN-DC was defined based on an assumption of equal power backoff for both transmissions, and an assumption of 2 separate Tx chains and antenna.  The foundation of the definition is a set of curves defining the relationship between the aggregate allocation size and the allowed power backoff, which were agreed to be sufficient to meet emission limits when applied to both transmissions.  
Subsequently, it was determined that because of LTE timelines and other considerations, LTE could not consider NR allocations into its calculation of power – LTE power control will operate without regard for NR, except for semi-static limits.  This means that NR power control must be responsible for all power backoff required to ensure EN-DC UEs comply with emission specification, including R-IMD emissions resulting from the mixing of the NR and LTE transmissions.
To reconcile this difference, Rel-15 adopted a scheme whereby the aggregate power corresponding to the full backoff allowance applied to both RATs was determined, and that aggregate power was used as the basis for testing.  If LTE power control used less power than would have been allowed after the EN-DC backoff allowance, NR could make up the difference.  Similarly, if LTE power control used more power than would have been allowed after the EN-DC backoff allowance, NR might have to reduce its power.  Essentially, this is power trading using linear powers, mW for mW.
Sprint and Qorvo have collaborated to perform and analyse measurements of R-IM3 powers, as they vary with PA power and external interferer power (representing the other RAT’s Tx) under several PA power modes.  This submission presents those results and analysis.


2	Discussions

The approach is based on a set of measurements of R-IM3 powers for each PA configuration, using a set of PA ANT powers and a set of interfering signal powers arranged in a grid.  This allow the relationships between the PA power, the interferer power and the R-IM3 power to be analyzed.  
Four different PA configurations were used:
· APT with bias set to maintain -36 dBc ACLR
· APT with bias set to maintain -40 dBc ACLR
· Fixed Bias corresponding to -36 dBc ACLR at maximum power
· Envelope Tracking (ET)
All measurements were performed under the following conditions, except where noted:
· LTE 20 MHz channel centered at 2580 MHz, 1RB at RB50, QPSK
· NR 60 MHz 30 kHz SCS channel centered at 2619.99 MHz, 1RB at RB81, QPSK
· 1 dB post-module insertion loss on each Tx chain
· 10 dB loss between Tx chains, representing antenna isolation
Envelope Tracking Measurements used the following modifications:
· ET used as the focus signal, interferer used APT
· ET measured only down to 16 dBm, below which APT would be used.
· Channel centers were adjusted to allow use of 1RB at 0RB waveforms, with same RB frequencies as other tests.
· “Positive blocker” means interfering signal has higher frequency that focus signal, with resulting IM3 of interest at lower frequency.
· “Negative blocker” means interfering signal has lower frequency that focus signal, with resulting IM3 of interest at higher frequency.
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Results
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Results for APT – ACLR -36 dBc
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Results for APT – ACLR -40 dBc
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Results for Fixed Bias – ACLR -36 dBc at maximum power
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Results for ET – “Positive Blocker”

[image: ]
Results for ET – “Negative Blocker”
Analysis 
As a first point of analysis, the relationship between the external interfering signal and the resulting R-IM3 power was plotted and a linear regression performed.  Results are in the plots below – different colored lines are different PA ANT power levels, and the y-axis is the power of the interfering signal. 
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Blocker Sensitivity for APT – ACLR -36 dBc
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Blocker Sensitivity for APT – ACLR -40 dBc
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Blocker Sensitivity for Fixed Bias -36 dBc at maximum power
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Blocker Sensitivity for ET with Positive Blocker
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Blocker Sensitivity for ET with Negative Blocker

Regression slopes are recorded in tabular form below.
	PA Configuration
	IM3 measured
	Focus Tx ANT Power

	
	
	8 dBm
	12 dBm
	16 dBm
	20 dBm
	24 dBm

	APT -36 ACLR
	LTE
	1.054
	1.020
	0.999
	1.007
	1.021

	
	NR
	1.044
	0.988
	1.000
	0.988
	1.011

	APT -40 ACLR
	LTE
	1.055
	0.939
	1.009
	1.017
	0.972

	
	NR
	1.106
	0.984
	0.977
	0.963
	1.017

	Fixed Bias
	LTE
	0.163
	0.281
	0.596
	0.926
	1.175

	
	NR
	0.471
	0.604
	0.734
	0.913
	1.028

	ET – Positive Blocker
	LTE
	
	
	0.980
	0.988
	0.993

	APT -36 ACLR 
	NR
	1.148
	0.989
	1.023
	0.983
	1.000

	ET – Negative Blocker
	LTE
	
	
	1.010
	0.983
	1.005

	APT -36 ACLR 
	NR
	1.036
	0.975
	0.976
	0.955
	0.900


Blocker Sensitivity – Table of Results
From the table of results, it can be observed that most of the values are very close to 1.0, indicating that the interfering signal power and the resulting R-IM3 power have a 1:1 dB relationship across a large range of PA powers and configurations.   
The exception, highlighted in yellow, are the results for fixed bias and lower PA power.  This combination is unlikely to be used in real products, and from the plots it can be seen that the powers of the R-IM3s for these configurations is very low, below -36 dBm/MHz even at PA power of 24 dBm. 
Observation: R-IM3 power sensitivity to interfering external signal power is very close to 1:1 (dB:dB).
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PA Power Sensitivity for APT – ACLR -36 dBc
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PA Power Sensitivity for APT – ACLR -40 dBc
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PA Power Sensitivity for Fixed Bias - -36 dBc ACLR at max power
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PA Power Sensitivity for ET w/ Positive Blocker
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PA Power Sensitivity for ET w/ Negative Blocker

	PA Configuration
	IM3 measured
	Interference Signal Power
	Equal Power backoff for -25 dBm/MHz R-IM3 (extrapolated)

	
	
	8 dBm
	12 dBm
	16 dBm
	20 dBm
	24 dBm
	

	APT -36 ACLR
	LTE
	-0.056
	0.204
	0.277
	0.217
	0.317
	14.6 dBm

	
	NR
	-0.082
	0.114
	0.170
	0.206
	0.250
	15.5 dBm

	APT -40 ACLR
	LTE
	0.736
	0.815
	0.640
	0.549
	0.550
	20.0 dBm

	
	NR
	0.156
	0.354
	0.306
	0.257
	0.256
	20.6 dBm

	Fixed Bias
	LTE
	1.855
	1.869
	2.057
	2.381
	2.106
	22.3 dBm

	
	NR
	1.825
	2.186
	2.283
	2.416
	1.360
	24.0 dBm

	ET – Positive Blocker
	LTE
	0.733
	0.768
	0.770
	0.759
	1.008
	12.1 dBm

	APT -36 ACLR 
	NR
	
	
	0.186
	0.166
	0.182
	15.7 dBm

	ET – Negative Blocker
	LTE
	0.534
	0.494
	0.503
	0.484
	0.693
	11.6 dBm

	APT -36 ACLR 
	NR
	
	
	0.295
	0.247
	0.272
	15.0 dBm


PA Power Sensitivity Factors – Table of Results

It can be seen that different PA power modes and bias points result in different R-IM3 power sensitivities to PA power.  In nearly all cases other than fixed bias, the sensitivity is less than 1:1, with changes in PA power of 1dB driving less than 1 dB of change in R-IM3 power.  In the case of APT biased for -36 dBc ACLR, the sensitivity is quite low, less than 0.5, with 1 dB changes to PA power resulting in less than 0.5 dB of change to the R-IM3 power.

Observation 2: R-IM3 power sensitivity to same Tx chain signal power varies with Power Mode and bias setting of the PA.  Most power modes and bias settings show sensitivity < 1.0 (R-IMD power in dB / PA power in dB).
Observation 3: APT biased to -36 ACLR shows very low sensitivity of R-IMD power to PAout power, < 0.5

3	Conclusions 

Observation: R-IM3 power sensitivity to interfering external signal power is very close to 1:1 (dB:dB).

Observation 2: R-IM3 power sensitivity to same Tx chain signal power varies with Power Mode and bias setting of the PA.  Most power modes and bias settings show sensitivity < 1.0 (R-IMD power in dB / PA power in dB).
Observation 3: APT biased to -36 ACLR shows very low sensitivity of R-IMD power to PAout power, < 0.5
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