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1. Introduction
A-MPR for intra-band EN-DC was discussed during an ad-hoc session of RAN4 #88bis for which meeting minutes are available in [1].  Several proposals describing a method to calculate A-MPR for LTE and NR were presented along with numerical examples.  This contribution compares proposals from Qualcomm in [2], Ericsson in [3] and [5], and Skyworks in [3] and [4].
2. Discussion

The proposals described in [2] and [3] for computing A-MPR have a number of similarities.  The common elements are listed below
· Allowed LTE A-MPR or maximum LTE transmit power is calculated from standalone requirements in 36.101 without knowledge or consideration of NR
· Remaining power can be allocated to NR.  Remaining power is based on the actual LTE transmitted power rather than PCMAX_LTE.
· Maximum NR transmit power is calculated from EN-DC A-MPR equations already available in 38.101-3, but is subject to additional scaling and/or dropping
The proposals differ in how to calculate the maximum NR transmit power.  Ranked from “most likely to meet emissions” to “highest NR transmission power,” the proposals are summarized as follows
· Proposal in [2] is to calculate NR power according to existing EN-DC A-MPR equations, but to allow dropping of NR if actual LTE Tx power exceeds that allowed by the EN-DC A-MPR equations or if the PSD difference between the two carriers exceeds a threshold.  Scaling is not specified.

· Proposal in [4] is to calculate NR power according to existing EN-DC A-MPR equations but to use the sum power as an upper bound and compute a scaling on the NR carrier in order to not exceed the sum power bound using the actual LTE Tx power in the sum.  Dropping is not allowed, but a straightforward extension might be to allow dropping in case the scaling exceeds XSCALE if the same RRC parameter is agreed to be used for intra-band EN-DC as it is being used for inter-band EN-DC.

· Proposal in [5] computes LTE and NR power according to the existing EN-DC A-MPR, but then further adjusts the NR maximum power bound according to a conservative estimate of IM3 or IM5 slope according to the actual LTE Tx power.  If the requested NR transmit power is below the NR maximum power bound, then it is transmitted; otherwise, it is dropped.
A conservative proposal is most likely to meet emission requirements since it follows a more strict adherence to the assumptions in the simulation and derivation of A-MPR.  An aggressive proposal extends or generalizes the assumptions studied in the original derivation of A-MPR.  On the other hand, a conservative proposal is likely to transmit the NR at lower maximum power and drop the NR transmission more frequently where power is limited, whereas a more aggressive proposal will more likely enable the highest maximum power transmission for NR.  Thus, a tradeoff exists between complying with emissions and maximum NR transmission power.  Thus, when comparing different algorithms using numerical examples, it is misleading to consider only the NR transmission power since spurious emissions must also be contained.  Moreover, when considering maximum transmission power, it should also be recognized that while numerical examples can be extremely precise, actual UE implementation is subject to errors in estimation, calibration, thermal drift, production variation, etc.  Lastly, from a system perspective transmitting NR at a maximum power may not be an ideal solution since for a power-limited UE even at maximum power, the target BLER may not be met.  Instead, the result is unnecessary battery consumption, increased intra-cell noise and interference, and sluggish or potentially unstable power control as the basestation attempts to manage independent power control per cell group and rate adaptation with limited and imperfect knowledge of UE power headroom.
A quantitative comparison between the three proposals described above is presented here.  The numerical examples from [3] are evaluated for each of three algorithms.  
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EN-DC

PPowerClass 23 23 23 23 23 23 23 23 23 26 26 26 26 26 26 26 26 26 26 26 26

LTE

P_LTE 23 23 23 23 23 23 23 23 23 26 26 26 26 26 26 26 26 26 26 26 26

Fc

Rbstart

L_CRB 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Requested power level 10 10 10 10 10 10 10 10 10 22 22 22 22 22 22 15 15 15 15 15 15

SA MPR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SA A-MPR 1 1 1 1 1 1 1 1 1 5 5 5 5 5 5 5 5 5 5 5 5

Pcmax_L 22 22 22 22 22 22 22 22 22 21 21 21 21 21 21 21 21 21 21 21 21

P_TxLTE 10 10 10 10 10 10 10 10 10 21 21 21 21 21 21 15 15 15 15 15 15

NR

P_NR 23 23 23 23 23 23 23 23 23 26 26 26 26 26 26 26 26 26 26 26 26

Fc

Rbstart

L_CRB 20 20 20 50 50 50 50 50 50 10 10 10 10 10 10 10 10 10 10 10 10

Requested power level 13.0103 13.0103 13.0103 16.9897 16.9897 16.9897 19.9897 19.9897 19.9897 5 5 5 16 16 16 15 15 15 22 22 22

A-MPR according to EN-DC 7 7 7 5 5 5 5 5 5 10 10 10 10 10 10 10 10 10 10 10 10

Pcmax_L_ENDC 16 16 18 18 18 18 16 16 16 16 16 16 16 16

DeltaBO_LTE -6 -8 -8 5 5 -1 -1

IMD order 3 3 3 3 3 3 3

BO_NR 4 1 1 15 15 9.5 9.5

Equal PSD allocation to NR -1.7609126 -0.79181 -0.79181 -3.0103 -3.0103 -3.0103 -3.0103

Equal PSD allocation to LTE -4.7712125 -7.78151 -7.78151 -3.0103 -3.0103 -3.0103 -3.0103

Power splitted A-MPR for NR 8.7609126 5.791812 5.791812 13.0103 13.0103 13.0103 13.0103

Pcmax_L_NR 14.239087 19 17.20819 22 17.20819 22 12.9897 11 12.9897 11 12.9897 16.5 12.9897 16.5

Power remaining for NR 14.7437242 22.776693 17.2506 22.77669 17.2506 22.77669 -999 24.34911 -999 24.34911 9.131747 25.64055 9.131747 25.64055

P_TxNR 13.0103 13.0103 13.0103 16.9897 16.9897 16.9897 17.20819 17.2506 19.9897 5 -999 5 12.9897 -999 16 12.9897 9.131747 15 12.9897 9.131747 22

Check for fit

Power splitted A-MPR for LTE 11.771213 12.78151 12.78151 13.0103 13.0103 13.0103 13.0103

Pcmax_L_LTE 11.228787 10.21849 10.21849 12.9897 12.9897 12.9897 12.9897

P_TxENDC_total 14.7712125 17.78151 20.40456 21.10774 22.19331 18.0103 22.7901

P_TxENDC_total < Pcmax_L_ENDC? TRUE TRUE FALSE FALSE FALSE FALSE FALSE

PSD LTE (dBm/RB) 0 0 0 0 0 0 0 0 0 11 11 11 11 11 11 5 5 5 5 5 5

PSD NR (dBm/RB) 0 0 0 0 0 0 0.218487 0.260896 3 -5 -1009 -5 2.9897 -1009 6 2.9897 -0.86825 5 2.9897 -0.86825 12

PSD Delta    0 0 0 0 0 0 0.218487 0.260896 3 16 1020 16 8.0103 1020 5 2.0103 5.868253 0 2.0103 5.868253 7

Actual LTE Tx power < Pcmax_L_LTE? TRUE TRUE TRUE FALSE FALSE FALSE FALSE

PSD delta less than 8 dB? TRUE TRUE TRUE FALSE FALSE TRUE TRUE

Scale NR? 0 0 0 0 0 0 2.781513 2.739104 0 0 1004 0 3.0103 1015 0 2.0103 5.868253 0 9.0103 12.86825 0

Scaling threshold 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Drop NR? FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE TRUE TRUE FALSE TRUE TRUE TRUE TRUE FALSE FALSE TRUE TRUE TRUE


The following observations are made.

· In the first three examples, all three algorithms perform similarly.  These examples illustrate a scenario where there is sufficient power to transmit both LTE and NR.  In the first two examples, both LTE and NR are transmitted at their requested power by all three algorithms.  In the third example, the NR transmission is scaled by nearly the same amount by the first and second algorithms, but transmitted at full requested power by the third algorithm.  
· In the fourth example, the first and second algorithms drop NR due to insufficient power (21 dBm transmission from LTE, 5 dB requested transmission from NR with EN-DC PCMAX_L of 16 dBm), but the third algorithm proposes to transmit NR.  However, the resulting power difference between the two transmission is large and the usefulness of such a scenario where one cell group is transmitted at 21 dBm but the other at 5 dBm is uncertain.  What is clear, however, is if the scenario is one for which a single PA is used, the large PSD difference assuming an equal allocation between the two cell groups is probably not feasible.  

· In the fifth example, there is insufficient power in this cell edge scenario and all three algorithms drop NR in favor of maintaining the MCG transmission.
· In the sixth example, the first algorithm drops NR but the other two algorithms proceed with transmitting NR.  The second algorithm scales NR down by 5.8 dB in order to fit within the power budget, whereas the third algorithm transmits NR at its fully requested power.  A scaling of NR by 5.8 dB is nearly the maximum value allowed by RRC XSCALE if adopted for intra-band EN-DC.  At such large scaling, the NR transmission may be made in vain.  On the other hand, transmitting NR at its maximum requested value of 15 dBm when LTE is already transmitting at 15 dBm and the calculated PCMAX_L is only 16 dBm introduces significant risk that emissions will be violated.

· In the seventh example, there is insufficient power and all three algorithms drop NR in favor of maintaining the MCG transmission.

While the above table provides a glimpse, for the limited number of examples evaluated, at the difference in NR transmitted power from the three different algorithms, there is no information in the table regarding the resulting emissions.  Hence, the table above only provides half of the picture.  
In the following table, the same waveforms were measured with a single PA in Band 71 (data for dual PA in Band 41 was not available at the time of this writing) to characterize the increase in emissions between the three algorithms.  IM3 and IM5 emissions in dBm/MHz were

	LTE Tx power (dBm)
	LTE L_CRB
	NR Tx Power (dBm)
	NR L_CRB
	Relative emission (IM3)
	Relative emission (IM5)

	10
	10
	17.2
	50
	0
	0

	10
	10
	20
	50
	+2.5
	+3.8

	21
	10
	Drop
	10
	0
	0

	21
	10
	5
	10
	+32.8
	+23.4

	15
	10
	Drop
	10
	0
	0

	15
	10
	9
	10
	+36.0
	+25.5

	15
	10
	15
	10
	+34.9
	+32.2


It is obvious that increasing transmission power on NR will increase the overall EN-DC transmission power thereby resulting in higher emissions levels.  The first algorithm [2] is taken as the baseline since by design, it conforms to the assumptions used in deriving the A-MPR and therefore will meet emission limits.  The other two algorithms [4] and [5] more aggressively increase transmission power on NR, but the consequence is a higher level of emissions.  The increase in emissions for one PA measured is reported above where it can be seen that there can be significant increase in emission level when the NR transmission power is increased according to the second and third algorithms.  In the cases where the first algorithms proposes to allow dropping NR, the IM product disappears so illustrates the most dramatic difference in emission power compared to when NR is transmitted, even at low power.  By itself, these values do not necessarily indicate that emissions will fail since the waveforms here are illustrative examples only and do not necessarily correspond to a real emission requirement (they were originally intended to only provide numerical examples for computing the A-MPR according to each proposed algorithm without regard to an actual emission-bounded requirement).  However, these values do indicate that looking at maximum transmission power alone, i.e., first table, without consideration of the emission ramification to judge between algorithms is incorrect.
Studying the data presented in this contribution, it can be seen that the third algorithm is the most aggressive and introduces the highest risk of emission failure.  At the same time, it is not necessarily valid that maximizing the NR transmission power when there is a power limitation is always the best system strategy.  Lastly, the algorithm itself requiring that the IM order for the dominant emission limit be identified with a particular IM slope assumed is overly complicated for the purpose of 3GPP minimum performance specification and prone to error.  It is perhaps more suitable for a particular implementation or design, but not appropriate as a basis for specification.  The remaining two algorithms perform similarly within the granularity of the examples evaluated.  Thus, it is proposed to focus on the first and second algorithms for further study on the tradeoff between emissions and NR transmission power.
3. Conclusion

The contribution provides a comparison of three different algorithms for determining the maximum transmission power for NR assuming that LTE power is prioritized and NR power is allocated based on remaining power.  Numerical examples are provided to compare the maximum transmission power under a number of scenarios.  The algorithms vary in how aggressively they depart from the assumptions made in deriving A-MPR (i.e., equal PSD) and therefore how much power is available to NR.  On the other hand, measurements are also provided for the same waveforms to illustrate the impact to emissions as the NR power is increased.  To meaningfully compare algorithms, both the transmission power as well as the rise in emissions must be considered.  It is finally proposed that the first two algorithms are studied in greater detail (especially for the case of dual PA reverse intermod) and that the third algorithm can be regarded as an optimization, but is overly ambitious for the purpose of setting the minimum performance requirement.  
Proposal:  Focus on algorithms in [2] and [4] for further study, especially for the case of dual PA reverse intermodulation.
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