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1. Introduction
In [1] and [4], studies were conducted to evaluate the level of reverse IM3 products in response to changing transmit power levels in each of the EN-DC cell groups.  The intention of these studies is to use this information in deriving a more optimized EN-DC power sharing scheme for Rel-16 where the A-MPR subject to a constraint on IM3 emissions.  In this contribution, general comments and observations are made about the results in [1] and [4] as well as presentation of measured results performed to confirm the results presented in [1].  This contribution is a resubmission and extension of [3].
2. Discussion

Optimization criteria

Before discussing specific details about the results shared in [1], it is beneficial to first understand the objective in optimizing the power sharing scheme.  The work is being conducted under the 29 dBm work item [2] where one of the objectives is “Improvements to A-MPR/MPR for 26 dBm n41 and B41/n41 EN-DC are in scope”.  Therefore, the objective of the work is not necessarily a change to power sharing itself, but rather a change in power sharing to enable smaller A-MPR than currently defined.  As with any optimization, there is always a tradeoff between complexity (both in specification and in implementation) and system gain.  Therefore, any proposed optimization should be able to demonstrate meaningful system gain.  For example, if A-MPR is improved only for a small fraction of waveforms that are seldomly scheduled, then increased complexity is not justified.  Similarly, if the A-MPR gain is small relative to existing A-MPR, then increased complexity is not justified.  For example, the A-MPR for NS_04 is presently on the order of 6 to 15 dB or 12 to 15 dB depending on whether the IM3 product lands in a region whether -13 dBm/MHz emission protection is required or -25 dBm/MHz is required.  These A-MPR values are large so the motivation to reduce them is clear; however, reducing A-MPR from 15 dB to 14 dB for example would likely not result in any meaningful system gain.  Moreover, it is important to recall that the 3GPP specifications provide minimum performance requirements for a multitude of devices spanning many different use cases, cost points, size constraints, etc., all with different tradeoffs.  
Comments on results of R4-1901930

Firstly, the results shared in [1] are extremely beneficial in gaining an understanding of how emissions behave in real PA’s under various configurations.  While these results are a good starting point, they are too few to extrapolate and draw solid conclusions from. 

· The studies only consider 1RB + 1RB waveforms, so only represent a single point along the A-MPR curve.  Other points along the curve may not exhibit the same behavior and it is not obvious that the 1RB+1RB point represents a “worst case” for gain between fundamental and emission power; actually, even the definition of “worst case” is not evident. 
· The impact of changing power on the “focus” signal is treated independently from the “external” signal.  This implies that the two are in fact independent with respect to emissions.  For example, if one signal is at power P1 and the other signal power P2 is varied, the slope representing emission gain is found as a function of P2.  This suggests that the slope as a function of P2 is independent of the P1 power, but is not validated.

· Straight line linear regressions are used for the purpose of computing emission gain that is independent of the power being varied.  However, a linear regression fit does not seem to match many of the curves.  The data seems to show that the slope of the curve is not constant; i.e., the curve is not a straight line.

· The curves do not necessarily correlate well between different PA configurations.  The characteristics from one configuration do not predict those of another.  In fact, for one curve, it is shown that the gain is negative; i.e., emissions rise as transmit power is reduced.  While this sounds very counter-intuitive, such behavior may actually reflect reality for variable biased PA’s.  These results were from real PA measurements.

·   There is one PA configuration “ET – Negative Blocker” where the extrapolated equal power backoff for -25 dBm/MHz is 11.6 dBm.  This is a 1RB+1RB waveform for which the specification allows 15 dB backoff.  For a PC2 maximum output power of 26 dBm with 15 dB A-MPR, the output power limit becomes 11 dBm.  Therefore, this PA measurement presumably taken at room temperature on a single part only shows 0.6 dB of margin to the specification, which would be insufficient.  

· On the other hand, there is another PA configuration “Fixed Bias” where the extrapolated power to meet -25 dBm/MHz is 24 dBm.  In other words, only 2 dB A-MPR is required to meet -25 dBm/MHz emissions from 1RB+1RB R-IM3.  This result does not seem to correlate well with other measured data which suggests a much larger backoff is required for 1RB+1RB configuration.  The specified A-MPR is 15 dB.

Table 1.  PA Power Sensitivity Factors from [1], not all PA configurations are shown.

	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
	

	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 – Negative Blocker
	LTE
	0.534
	0.494
	0.503
	0.484
	0.693
	11.6 dBm


PA Power Sensitivity Factors – Table of Results

Comments on results of R4-1903557
The results shared in [4] provide a second set of data.  The data in [4] is somewhat more comprehensive in that sweeps of NR power level were taken at various LTE power levels for different RB allocations against different requirements.  The data has not been fully analyzed yet since it was only just produced before the contribution was written.  Nevertheless, general observations in [4] are made indicating that there are areas for improvement in the A-MPR.  

Before exploring specific options to improve MPR/A-MPR, it is first beneficial to compare the data provided in [4] with the current specification and in particular, with the data that was provided to derive the current specification.  For example, if it is proposed to improve the existing A-MPR by X dB, but the data set itself does not align with the existing A-MPR, then it becomes difficult to quantify X.  The data set used to derive the current NS_04 intra-band A-MPR specification is provided in [5].
To compare the data, it is necessary to find the reported backoff values corresponding to the same conditions.  Observing contiguous channels for 1RB + 1RB allocations, test case 1 and 2 in [5] correspond to maximum separation and relatively smaller separation between the transmissions in each cell group.  This corresponds to “worst case” and “best case” configurations in [4] where worst case is IMD3 at -13 dBm/MHz and best case is IMD5 at -13 dBm/MHz.  The assumption for backoff in [5] was equal backoff per carrier which can only be found approximately in the data from [4].  For example, from Table 2 of [4] for which a portion is reproduced below, it can be seen that approximately equal power is observed at the following two data points.
	P_LTE
	Case
	NS01MPR
	Type
	NS04-13
	NS04-25
	type

	23.1
	BC
	22.9
	Psh
	22.9
	22.1
	I5H

	20.8
	WC
	22
	I5H
	21.3
	19.2
	I3H


In the first data point, P_LTE = 23.1 dBm, P_NR = 22.9 dBm for a scenario where the two transmissions are relatively close together so that it is IMD5 that reaches -13 dBm/MHz.  At these power levels, the total power is 26 dBm and the backoff on each carrier is 3 dB.  However, according to the data presented in [5] for test case 2 where the transmissions are relatively close together, the required backoff is 8 dB or 3 dB for ET and APT, respectively.  For the second data point, the 1RB + 1 RB transmissions are widely separated.  The P_LTE is 20.8 dBm while the P_NR is 21.3 dBm so the backoff taken is 5 dB.  For test case 1 in [5], the reported backoff was 6 dB or 3 dB for ET and APT.
This is only a single example that illustrates the need to be able to compare and align data coming from different data sets in order to be able to derive a specification.  The differences in results may be the result of systematic mechanisms (i.e., RB allocations and locations that inherently require less backoff) useful for optimization, or they may be the result of differences in PA models or measurement methods that should not be the basis for optimization.  It is important to normalize out the latter.
Measurements taken

In order to provide additional data to corroborate and complement the results presented in [1], PA measurements were taken following a similar configuration.  
The R-IM3s were measured on the following PA configuration:

· Envelope tracking (ET) PAs

· LTE 20MHz blocker channel center frequency was swept from at 2506.2MHz to 2556.2MHz, 1RB at 39RB, QPSK

· NR 60MHz 30kHz SCS channel center frequency was swept from 2546.2MHz to 2596.2MHz, 1RB at 161RB, QPSK

· LTE blocker was varied in power.  NR blocker power was held constant.

· Positive blocker means the interfering signal frequency (i.e., LTE blocker) is lower than the generated R-IM3

· Negative blocker means the interfering signal frequency (i.e., LTE blocker) is higher than the generated R-IM3

· Note, this is the opposite to the convention of positive and negative used in [1]


[image: image1.emf]10dB

combiner

ANT

NR PA

LTE PA

4dB IL

4dB IL


Figure 1 - Measurement Setup

The results are shown below
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Figure 2 - LTE Positive and Negative Blocker power vs relative R-IM3
As can be seen there is mostly a linear 1:1 relationship between the LTE positive blocker power and the generated R-IM3. The negative blocker power shows more slope variation ranging from 1: 0.1 to 1:0.4 between the blocker power and the generated R-IM3. Also, the relationship between the negative blocker power and the R-IM3 is less linear and some frequencies show a convex relationship with the blocker power.

Note that the measurements provided herein are preliminary and follow the methodology described in [1] whereby the power in one cell group is held constant while the power in the other cell group is varied.  The IM3 emission near the carrier whose power is varied as well as the IM3 emission near the carrier whose power is fixed is then checked and a linear relationship in dB is sought.  The methodology in [4] is more comprehensive with the emission checked as a function of power in both cell groups.  Measurements are also being conducted to verify the associated proposals (i.e., 2:1 and 0.5:1 relationship between powers in each cell group as one is traded off for another), but have not been completed yet.  Preliminary measurements do not confirm the 2:1 and 0.5:1, but the results are too premature to draw conclusions from or to present in this contribution.  

3. Conclusion

The relationship between emission power and transmit power in each cell group for an intra-band EN-DC configuration in Band 41/n41 has been studied.  The previous studies as well as the current study are very limited, so are not sufficient to draw conclusions yet for the purpose of optimizing a power sharing scheme.  The results show significant variation for some PA configurations and for the relationship between the location of the R-IM3 product compared to the signal whose power is being adjusted.  Moreover, there is an inherent but unproven assumption that the powers on each of the cell groups can be independently modified and are therefore separable when considering the effect on the emission level.  While these studies are beneficial and necessary to gain an understanding of R-IM3 behavior, ultimately, the objective is to improve system performance by reducing A-MPR.  Therefore, the amount of system improvement should be weighed against the complexity of any power sharing scheme, especially after different PA configurations and margins are taken into consideration.
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