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1. Introduction
For intra-band EN-DC, A-MPR has been defined for dual connectivity transmission in Bands 41/n41 and 71/n71 to comply with NS_04 and NS_35 emission requirements, respectively.  It was proposed in [1] that A-MPR be defined on a per-cell group basis; in other words, A-MPR to be defined separately for MCG and SCG.  On the other hand, it was proposed in [2] that the A-MPR be defined as a composite EN-DC; in other words, the A-MPR is defined against the sum of MCG and SCG transmit powers.  This contribution further considers both of these options as well as a limitation on the PSD difference between the two EN-DC carriers.
2. Discussion

2.1. Separate A-MPR per cell group
One motivation for defining A-MPR on a per-CG basis in [1] is to align with the definition of PCMAX where PCMAX_MCG and PCMAX_SCG quantities are used.  PCMAX for intra-band EN-DC has not yet been agreed, however, the specification for inter-band EN-DC uses separate quantities and it might be expected that intra-band EN-DC would be defined similarly as in [3]
If a= FALSE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}

ELSE If (a=TRUE) AND (b=FALSE)

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}

ELSE If b= TRUE

PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}
According to the equation, the independent variables are the separate per-CG quantities of PCMAX_L_E-UTRA and PCMAX_L_NR from which the composite PCMAX_EN-DC_L is formed.

However, a more important motivation for per-CG A-MPR is to ensure that emission requirements can be met.  The A-MPR simulations were performed with specific assumptions on power allocation between the CG’s.  For Band 71, the assumption was equal PSD whereas for Band 41 the assumption was equal power.  Therefore, the A-MPR results are not generally valid for any arbitrary power allocation even if the sum power between the MCG and SCG are preserved.  This can be illustrated pictorially in the following diagram





In this diagram it can be seen that the total power given by P_EN-DC_Total = MIN{PEMAX, EN-DC, PPowerClass, EN-DC} is allocated to MCG and SCG.  For EN-DC in Band 71, the allocation was assumed to be equal PSD whereas in Band 41, the allocation was assumed to be equal power.  From this, A-MPR power backoff is taken equally on both carriers until emissions requirements are met.  In this manner, when the actual transmission powers on both carriers are simultaneously no higher than the backed off power defined by the power allocation and the A-MPR individually (i.e., the actual Tx power for LTE and NR are within the shaded regions of the diagram), it can be assured that emissions requirements can be met.  This is the essence of the proposed algorithm in [4].

2.2.  Composite A-MPR 
On the other hand, it has been proposed in [2] that the A-MPR should be defined as a composite term limiting the sum of transmission power from both cell groups.  The premise behind this proposal is that although the derived A-MPR assume a specific power split, there is sufficient margin in the A-MPR values to be able to apply the same value regardless of the actual power split as long as the sum power limit is fulfilled.  Therefore, the condition for transmission notwithstanding possible scaling is that the sum of the actual transmission powers between cell groups is no higher than the total backed off power, rather than individual limiting the individual cell group transmission powers.  The appeal of this approach is a simpler formulation as well as less strict constraint on transmission powers.  One concern, however, is whether emission requirements can be met under the looser condition of sum power.  It is suggested in [2] that for the cases studied, the A-MPR difference between equal PSD and unequal PSD is small on the order of a dB.  Therefore, the conclusion is “as long as the total UE transmission power is below the[image: image1.wmf]DC
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configured, the unwanted emissions requirements should be met”.  However, only two waveforms are studied in making such a conclusion worthy of further scrutiny.
2.3. Further study on sufficient condition

A simple third order IM analysis was conducted to evaluate the difference in backoff needed to meet emission requirements as a function of power allocation (equal PSD, equal power, or otherwise).  The analysis is idealized; in practice, real-world performance is likely to be worse than predicted by this analysis since IM products do not decay as quickly in the real world as they do in a textbook nor are the emissions uniformly distributed over frequency as they are simplistically modeled here.  
The first case considered is an intra-band EN-DC scenario with 1 RB (0.18 MHz) allocated in one cell group and 50 RB’s (10 MHz) allocated in the other cell group.  The power density in dBm/MHz of the IM3 product is computed as a function of power backoff on both the low-side and the high-side of the EN-DC transmission.  The required backoff to meet an emission requirement is compared between an equal PSD power allocation and an equal power allocation.  In this case of 1 RB and 50 RB, the difference in power between equal PSD and equal power is approximately 17 dB.  As shown in the summary of results below, the required power backoff to meet -30 dBm/MHz emissions is 4 dB for the case of equal PSD and 8 dB for the case of equal power.  Thus, there is a disparity of 4 dB between the two.  If the A-MPR specification were written based on equal PSD, but applied in the case of equal power, then the A-MPR could be deficient by up to 4 dB leading to emission failure.  Therefore, in general, the assertion that sufficient margin exists in the equal PSD derived A-MPR values to be able to apply them to non-equal PSD waveforms may not hold true.
[image: image2.emf]Equal PSD

P1 P2 Ptotal Total backoffBW1 BW2 IM3L (dBm/MHz)IM3H (dBm/MHz)

22.92252 5.475247 23 0.0 10 0.18 -19.7289 -34.2806

21.92252 4.475247 22 1.0 10 0.18 -22.7289 -37.2806

20.92252 3.475247 21 2.0 10 0.18 -25.7289 -40.2806

19.92252 2.475247 20 3.0 10 0.18 -28.7289 -43.2806

18.92252 1.475247 19 4.0 10 0.18 -31.7289 -46.2806


[image: image3.emf]Equal power

P1 P2 Ptotal Total backoffBW1 BW2 IM3L (dBm/MHz)IM3H (dBm/MHz)

20 20 23.0103 0.0 10 0.18 -11.0492 -8.1536

19 19 22.0103 1.0 10 0.18 -14.0492 -11.1536

18 18 21.0103 2.0 10 0.18 -17.0492 -14.1536

17 17 20.0103 3.0 10 0.18 -20.0492 -17.1536

16 16 19.0103 4.0 10 0.18 -23.0492 -20.1536

15 15 18.0103 5.0 10 0.18 -26.0492 -23.1536

14 14 17.0103 6.0 10 0.18 -29.0492 -26.1536

13 13 16.0103 7.0 10 0.18 -32.0492 -29.1536

12 12 15.0103 8.0 10 0.18 -35.0492 -32.1536


On the other hand, the above example is somewhat artificial because it illustrates a case where the allocation difference and therefore the power/PSD difference between the two cell groups is very large.  In the above example, in order to achieve equal power allocation between the two carriers, the PSD difference would be 17 dB.  However, other restrictions, particularly for intra-band EN-DC designs with single PA, limit the PSD difference between carriers to be smaller than [6 dB] (see Section 2.4).  Adjusting the allocations in the example to 15 RB and 50 RB to limit the PSD difference to 6 dB, it can now be seen that the difference in backoff between equal PSD and equal power is nearly the same.  Therefore, with a restriction on PSD difference that would need to be imposed for other reasons as well, the total power A-MPR can be considered as a proxy for per-CG A-MPR.

[image: image4.emf]Equal PSD

P1 P2 Ptotal Total backoffBW1 BW2 IM3L (dBm/MHz)IM3H (dBm/MHz)

21.96196 16.2756 23 0.0 10 2.7 -11.3607 -15.362

20.96196 15.2756 22 1.0 10 2.7 -14.3607 -18.362

19.96196 14.2756 21 2.0 10 2.7 -17.3607 -21.362

18.96196 13.2756 20 3.0 10 2.7 -20.3607 -24.362

17.96196 12.2756 19 4.0 10 2.7 -23.3607 -27.362

16.96196 11.2756 18 5.0 10 2.7 -26.3607 -30.362

15.96196 10.2756 17 6.0 10 2.7 -29.3607 -33.362

14.96196 9.2756 16 7.0 10 2.7 -32.3607 -36.362


[image: image5.emf]Equal power

P1 P2 Ptotal Total backoffBW1 BW2 IM3L (dBm/MHz)IM3H (dBm/MHz)

20 20 23.0103 0.0 10 2.7 -11.5603 -9.87521

19 19 22.0103 1.0 10 2.7 -14.5603 -12.8752

18 18 21.0103 2.0 10 2.7 -17.5603 -15.8752

17 17 20.0103 3.0 10 2.7 -20.5603 -18.8752

16 16 19.0103 4.0 10 2.7 -23.5603 -21.8752

15 15 18.0103 5.0 10 2.7 -26.5603 -24.8752

14 14 17.0103 6.0 10 2.7 -29.5603 -27.8752

13 13 16.0103 7.0 10 2.7 -32.5603 -30.8752


While the simplified analysis above suggests that emissions levels are insensitive to the power split (at least between equal PSD and equal power) for the same total power backoff when the PSD difference is limited to 6 dB or smaller, lab measurements are needed to confirm this conclusion.  The analysis is too simplified to fully account for non-linear behavior of the transceiver and PA.  This is especially true for a reverse intermod scenario, but also true for the forward intermod case.  

Measurements of PA’s show that for different power allocations with the same total power, the emissions level can be significantly different even in the case that the PSD difference between the two is small.  In the following example waveforms some were observed to require significantly larger backoff when the power distribution was equal power compared to the assumed equal PSD with a power backoff difference of up to 5.5 dB.
	LTE RBstart
	LTE L_CRB
	NR RBstart
	NR L_CRB
	PA1
	PA2

	
	
	
	
	IM3 power backoff difference
	IM5 power backoff difference
	IM3 power backoff difference
	IM5 power backoff difference

	0
	1
	46
	6
	0.5
	5
	4
	5

	0
	50
	33
	5
	0
	0
	1.5
	3.5

	33
	5
	30
	21
	0
	0
	0
	0

	38
	5
	17
	30
	0
	0
	0.5
	0

	0
	6
	4
	48
	0.5
	1
	0
	5.5

	0
	13
	0
	52
	0
	0.5
	0
	5


Observation:  With restrictions on the PSD difference between the two carriers, it is plausible on paper that total power can be used as a sufficient condition instead of per-CG power.  However, measurements on a real PA indicate that a total power limit may significantly under-estimate the required power backoff for some waveforms.

2.4. Restriction on PSD difference

The PSD difference between the two carriers for simultaneous EN-DC transmission must be limited in order to be able to transmit both carriers with good fidelity (EVM).  To illustrate, consider that the MCG signal is transmitted with high PSD in an adjacent frequency allocation to the SCG signal.  


The ACLR from the MCG signal will interfere with the transmission on the relatively lower SCG signal.  ACLR performance can be expected to be 30 dB according to specification.  However, the EVM requirement is as low as 3.5%, or equivalently -29 dB, for 256QAM.  Therefore, even in the absence of any other EVM impairment, the ACLR leakage from the MCG will prevent the SCG from being able to support EVM requirements for 256 QAM even with aligned PSD’s.
Table 6.4.2.1-1: Requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5


It may be possible to set aside 256 QAM for this analysis since for EN-DC with simultaneous transmission, the network footprint for which a 256 QAM link can be met is likely to be small.  Therefore, considering lower order modulations the EVM requirement implies that the PSD difference between the two carriers should be limited to no more than [6 dB] by similar analysis.
Proposal:  The actual transmitted PSD difference between the two EN-DC carriers is limited to 6 dB.  Outside of this range, requirements do not apply and UE behaviour is left to implementation.
For intra-band EN-DC, the impact of PSD mismatch is easy to visualize.  For inter-band EN-DC, there may also be a need to set a limit on the PSD or power mismatch for other reasons related to applying A-MPR more generally than the assumed equal power or PSD split. 
2.5. Applicability to EN-DC in Band 41/n41

The above discussion suggests that a limit on total power, rather than per-CG, is sufficient to ensure that emissions are met when the PSD difference is smaller than 6 dB.  A total power approach is consistent with the A-MPR definition for EN-DC in Band 71/n71 where a composite EN-DC A-MPR is specified for a UE capable of dynamic power sharing.  Moreover, this A-MPR was defined with an assumption of equal PSD.  Therefore, all earlier discussion carriers over directly for EN-DC in Band 71.  However, the definition of A-MPR for EN-DC in Band 41 differs by specifying the A-MPR separately per-CG.  The A-MPR for Band 41 was also derived based on an equal power assumption rather than equal PSD.  Lastly, the assumed architecture for Band 41 is separate Tx chains for each cell group.  
For a UE capable of dynamic power sharing, the A-MPR is defined as

A-MPRE-UTRA = MAX( A-MPRsingle,E-UTRA, A-MPRIM3 )

A-MPRNR = MAX( A-MPRsingle,NR, A-MPRIM3)
where the A-MPRIM3 is defined with respect to PPowerClass of 26 dBm for power class 2 and the same value is taken with respect to PPowerClass of 23 dBm for power class 3.  Note that the A-MPRIM3 value is the same for both cell groups, although the A-MPRsingle values may differ.
The change from per-CG to composite A-MPR can be implemented as a power sum
A-MPRENDC = PPowerClass – 10*log10[10^(PPowerClass – A-MPRE-UTRA)/10) + 10^(PPowerClass – A-MPRNR)/10)].

However, a simplifying approximation can be made as

A-MPRENDC = MAX(A-MPRsingle,E-UTRA, A-MPRsingle,NR, A-MPRIM3)

where the same A_MPRENDC is taken with respect to PPowerClass (26 dBm or 23 dBm).

A more significant question, however, is whether the notion of total power rather than per-CG power can be applied to this case where the emissions are not formed by feedforward IM, but rather by reverse IM at the PA output ports.  The justification for using total power comes from simulations and analysis for a feedforward IM phenomenon where it was observed that within certain bounds the required backoff is relatively insensitive to the specific power allocation between the two carriers.  However, for reverse IM, the phenomenon is less well understood and in fact, accurate simulation models have not yet been developed for use in setting 3GPP requirements.  At this time, we rely on measurements to ascertain emission behaviour and necessary A-MPR.  Therefore, we also require measurement data to confirm whether total power rather than per-CG power can be used as a limiting condition to ensure emissions are met and if so, what other restrictions or side-conditions may be required.
Proposal:  Further study is required to understand whether a total power approach can be applied to the case of dual PA reverse intermodulation, and what other restrictions or side-conditions may be required.
At the time of this writing, measurements were not available for the dual PA case.  

3. Conclusion

In this contribution, the efficacy of apply total power as the limiting criterion to meet emissions instead of individual limits per carrier is investigated.  In general, a total power limit is less strict than individual limits so it is unclear that emissions can be met with this less strict limit.  With restictions placed on the actual PSD difference between the transmissions on the two cell groups, however, it may be possible to use total power as a limit.  In any event, restrictions on PSD difference will practically be required to maintain EVM.  However, even with this restriction, PA measurements indicate that the total power limit will not be sufficient to allow the UE to meet emission requirements.  We encourage other companies to verify these results.  Lastly, while the case of forward IM is more straightforward to analyze and understand, further study is needed before it can be ascertained whether the approach can also apply to dual PA subjected to reverse intermodulation.
Reference

[1] R4-1812401, “Aligning A-MPR with PCMAX for intra-band EN-DC, “Qualcomm Incorporated

[2] R4-1812031, “Pcmax for intra-band EN-DC,” Ericsson
[3] R4-1813844, “Pcmax computation and evaluation for inter-band ENDC,” Qualcomm
[4] R4-1812407, “PCMAX for intra-band EN-DC,” Qualcomm Incorporated

P_EN-DC_Total





Power split according to equal PSD





PCMAX_L_NR





A-MPR equally on both carriers





PCMAX_L_E-UTRA








1
2

