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Introduction
A-MPR for intra-band EN-DC was introduced in Rel-15 specifications.  However, there is a desire to optimize the A-MPR for Rel-16.  This contribution suggests that as measurements, simulation results, and other proposals are brought forth for consideration, it is important to identify the source of potential improvements by comparing against the Rel-15 baseline.  
Discussion
Several contributions [1], [2], [3] have been provided to suggest that there is room to lower the power backoff required for intra-band EN-DC configurations in Rel-16 specifications compared to what has been defined in Rel-15.  The exact mechanisms to lower the power backoff, i.e., A-MPR, in Rel-16 have not yet been agreed, although ideas for further study have been proposed in [4], [5].  Since it has been proposed to distinguish hardware-based improvements, for which capability signaling may be available, from software-based improvements which are expected to be mandatory, it is important to understand which category proposed improvements and gains come from.  In [6], observations were made on results provided in [1] and [3] highlighting the variability in results as well as inconsistencies with Rel-15 specifications.  This contribution provides comments on [7].  One objective is to compare the results showing improvement against a known benchmark, namely, the Rel-15 specification.  Understanding the mechanism behind an improvement compared to this known benchmark helps to determine how to implement the improvement in Rel-16 specifications.
Comments on results of R4-1904363
In [7] measurements and simulations are provided for a single PA supporting DC_(n)71B.  The results are simpler to interpret for a single PA since the dominant mechanism requiring A-MPR is a forward IM, compared to the less intuitive reverse IM mechanisms for dual PA studies in [1], [3].  The premise of [7] is that the Rel-15 specification based on a fixed EN-DC total power is sub-optimal.  Simulation and measurement results are provided with LTE and NR power levels measured independently; .i.e, the power in LTE and power in NR were measured against the emission requirement and the EN-DC power class limit, not necessarily constrained to a fixed EN-DC total power.  In this manner, it is claimed that the total power formulation in the Rel-15 specification overestimates the needed backoff when such a constraint is removed.  This claim is illustrated in Figure 4 of [7] extracted below
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Each diagram in the figure represents a fixed RBtot value for which the current specification define a single A-MPR value.  For example, diagram A represents the case of RBtot = 40.  For an EN-DC configuration in DC_71(b) consisting of 15 MHz NR and 5 MHz LTE with a 15 kHz SCS DFT-S-OFDM waveform, the A-MPRc for a dynamic power sharing capable UE in the NR cell group can be calculated according to subclause 6.2B.3.1.1 of 38.101-3.  The calculation is as follows

MA,DC = 8.00 - 3.33*A = 6.7;   					0.30 < A ≤ 0.60
A-MPRDC = CEIL{ MA,DC (A), 0.5} = 7
A-MPRtot = A-MPRDC = 7
resulting in A-MPRtot = 7 dB.  Similarly, for diagram B with RBtot = 10, A-MPRtot is 10 dB and for diagram C with RBtot = 2, A-MPRtot is 11 dB.  
The leftmost gray curves in each of the diagrams of the figure above represent this condition of total power limited by A-MPR of 7 dB, 10 dB, and 11 dB according to Rel-15 specifications.  For the upper bound, the uppermost orange curves in each of the diagrams represent an idealized upper bound when no A-MPR is required; in other words, the total power is only limited by the EN-DC power class output of 23 dBm.  Therefore the region in between these two curves is the available space for improvement.
The blue and green curves represent simulation results, also confirmed by measurements provided elsewhere in the paper, suggesting that improvement can be achieved.  The blue and green curves illustrate available NR power and are stated to represent “worst case” allocations for the given RBtot as a function of LTE power.  Worst case allocations are defined as those allocations requiring the largest A-MPR; it is presumed that a search function was used to identify the worst case allocations.  It is also illustrated that the worst case allocations are not necessarily those allocations with equal PSD.  
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This is shown in the above figure where it can be seen that the red line, representing the PSD difference between the LTE and NR cell groups, is not zero.
Several differences are therefore observed between the results of [7] and the Rel-15 specifications.  The first discrepancy is that there is no point along the blue or green curves that intersects the Rel-15 gray curve.  The Rel-15 specifications were derived assuming equal PSD and equal power backoff.  The output power of each carrier was scaled according to its RB allocation such that the total power is set to the EN-DC power class limit, i.e., 23 dBm.  The power was then backed off equally on each carrier (since a single PA was assumed) until emission limits could be met.  Across all possible RB allocations in each carrier meeting a given RBtot, the largest backoff was searched.  Therefore, it is expected that for the same signal conditions of equal PSD, the results from [7] should align with those from the Rel-15 specification if not accounting for any additional margin that may be included in the Rel-15 specifications.  The results are summarized below for the (near) zero PSD difference waveforms.
	Waveform
	RBtot
	PSD difference
	P_lte
	P_nr
	A-MPR reported in [7]
	Benchmark A-MPR

	Type A, DFT-S-ODFM
	40
	0
	11
	20
	2.5
	7

	Type A, DFT-S-ODFM
	40
	1
	14
	19
	2.8
	7

	Type A, DFT-S-ODFM
	40
	1
	15
	18
	3.2
	7

	Type B, DFT-S-OFDM
	10
	0
	10
	20
	2.6
	10

	Type B, DFT-S-OFDM
	10
	0.5
	11
	20
	2.5
	10

	Type B, DFT-S-OFDM
	10
	-2
	14
	16
	4.9
	10

	Type C, DFT-S-OFDM
	2
	0
	14
	14
	6.0
	11



While it was expected that for these waveforms, the measured A-MPR would align with the Rel-15 specified A-MPR, it was not observed to be the case.  In fact, the A-MPR difference is much larger than could be explained by postulating that the specified values include margin.
It is important to understand the reason for this difference in A-MPR, since it is this difference that forms the basis for proposals in [7] to improve A-MPR.  The following are possible reasons for the observed differences
1. The waveforms in [7] do not represent the worst case allocation for a given RBtot.  In other words, there exist other waveforms for the same RBtot that require higher A-MPR than what were found in [7].
2. The PA used for measurement results in [7] exhibits more linear behavior and requires less backoff than the PA(s) used to derive the Rel-15 specifications.  Or the PA is designed to operate with APT vs. ET supply voltage or some other mode of operation with different tradeoffs.
3. The PA in [7] was not properly calibrated to reflect worst case temperature, voltage, and process variation.
4. The Rel-15 specifications incorporate excessive margin.
Accordingly, solutions to optimize A-MPR depend on the reason for the observed difference.  For example
1. If it is desired to provide further granularity in A-MPR as a function of waveform (i.e., not just based on RBtot), a multi-dimensional indexing could be used to specify an A-MPR curve. This would enable lower A-MPR for those waveforms with the same RBtot, but with allocations that do not require as much backoff (i.e., analogous to “inner” allocations); however, the added complexity would need to be considered.
2. If adopted, this type of improvement could be enabled by “hardware-based” capability signaling as proposed in [5] recognizing that all PA’s may not have the same performance characteristic as a trade-off against power efficiency or other design parameters.  For example, it has been observed that ET-based vs. APT-based PA’s perform differently across different waveforms.  More PA’s should be evaluated to ensure that what is presented is representative of available PA performance.  This may be difficult to characterize in a general sense since there is significant variability in performance characteristics of different PA designs as observed in [1].
3. We assume that this is not the case, although PA calibration to emulate worst case can be somewhat ambiguous and can lead to differing results from different companies.
4. If this is the claim, further verification would be necessary since the Rel-15 specifications were studied extensively and ultimately based on simulation from multiple companies [8], [9] and measurements [10].  Moreover, given the wide variation observed in different PA designs and technologies, the values specified may not be due to excessive margin but rather to high variability.
The specific proposals for improvement in [7] suggest that the reason for improvement is either 1 or 2 as listed above.  The first proposal in [7] to remove the PSD check is based on an observation that the PSD varies significantly in the observed measurements.  However, since the observed measurements on A-MPR are significantly smaller than the requirements specified in Rel-15 where equal PSD was assumed, it is possible that other waveforms with unequal PSD may be identified to provide additional parameters in optimizing A-MPR.  The second proposal in [7] suggests identifying a “reference” point and defining 2:1 or 0.5:1 slopes in power sharing behavior as power diverges from the reference while at the same time staying below the measured/simulated curve in order to retain some margin in the specification.  However, the gain from this proposal comes from a PA that significantly exceeds the Rel-15 requirement rather than an inherent benefit in a 2:1 or 0.5:1 formulation in power sharing.  In other words, the gain is based on an assumption of a more linear PA than what was used to derive Rel-15 specification.  If agreed, this could be signaled as part of a “hardware-based” capability; however, the need to define 2:1 or 0.5:1 slopes can be separately considered.  Improvement could still be achieved with maintaining the sum power constraint, but simply shifting the curve upwards; i.e., simply lowering the A-MPRtot value without the need to specify and compute slope and power levels as the power of one carrier increases or decreases.
Conclusion
In this contribution, measurement and simulation results from [7] were compared against the Rel-15 specified A-MPR as a benchmark.  To meaningfully compare the two, the same waveforms and signal conditions should be used.  In this case, since the Rel-15 specified A-MPR was derived with an equal PSD RB allocation, the equivalent waveform from [7] was compared.  A significant difference in A-MPR was found for what is understood to be the same waveform and therefore expected to show similar results.  Possible reasons for such discrepancy were listed.  It is important to understand the reason for the difference/improvement in order to understand how to properly include in the Rel-16 A-MPR optimization effort.
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