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1	Introduction
At RAN4#94e during the discussion of Rel-16 A-MPR under the 29 dBm HPUE Work Item Agenda Item questions were raised about which architecture options can be used as the baseline for PC2 EN-DC, what aspects of PC2 A-MPR can be re-used for PC1.5, what power the cell group A-MPRIM3 is applied relative to and what power the A-MRPtot is applied relative to [1]. The Way Forward [1] requested the following:
· Interested companies are encouraged to explain their understanding of the architecture option(s) for PC2 intra-band EN-DC for B41/n41 A-MPR.
· Interested companies are encouraged to explain what power the cell group A-MPRIM3 is applied relative to and what power the A-MPRtot is applied relative to and why.
· Interested companies are encouraged to explain what aspects of the  existing PC2 A-MPR can be applied to PC1.5, and what new aspects they believe are needed for PC1.5 and why
This contribution is a response to the Way Forward.
2	Discussion
[bookmark: _Hlk20400780][bookmark: _Hlk22239522]2.1 Architecture options for PC2 intra-band EN-DC for B41/n41 A-MPR
A-MPR measurements from Skyworks and Qorvo included measurements with two 26 dBm PAs, and A-MPR measured for each RAT relative to 26 dBm [2], [3]. “PC3 and PC2 measurements are presented side by side for easy comparison” from [2]. “Back-off values are specified per RAT, relative to 26 dBm” from [3]. “PA calibration: In conformance with 3GPP practice, PC2 PA was calibrated for 25dBm and 31dBc ACLR at antenna with both LTE and NR fully allocated QPSK 20MHz DFT-s-OFDM waveforms” from [4].
Observation 1: The A-MPR measurements from Skyworks and Qorvo included measurements with 26 dBm PAs relative to 26 dBm, with the agreement that the same A-MPRIM3 would be applied to a 23 dBm PA relative to 23 dBm. 
At RAN4 #90 it was proposed that 23 dBm + 23 dBm is the only valid architecture option for Rel-15 intra-band EN-DC[5], [6]. The proposal was not agreed because 26 dBm + 26 dBm A-MPR was already specified in 38.101-3.
Discussion: 
OPPO: For P1, TDD+FDD UE is under SI. There are potential issues.
Sprint: For P1, not acceptable for us. For 41, 26dBm+26dBm is assumed for EN-DC 41+n41. 
Qualcomm: we do not fully understand Proposal 1. 
Vodafone: What is the criteria?
Huawei: this is not related with PA configurations. 
Sprint: Rel15 spec allows to signal NR PC, EUTRA PC and EN-DC PC.
Observation 2: At RAN4 #90 it was proposed that 23 dBm + 23 dBm is the only valid architecture option for Rel-15 intra-band EN-DC, but the proposal was not agreeable because 26 dBm + 26 dBm A-MPR was already specified for B41/n41 intra-band EN-DC in 38.101-3.
There was a Way Forward about UL MIMO in R4-1803259   
Since A-MPR was defined based on equal power measurements, and for PC2 Cell groups as well as PC3 cell groups, clearly the following architecture options are supported in Rel-15 for B41/n41 Power Class 2 intra-band EN-DC:
· 23dBm + 23dBm = PC2
· 26dBm + 26dBm = PC2
· In addition 23dBm + 23dBm = PC3 is also supported
Observation 3: The following Architecture options are currently supported in 38.101-3 for DC_41A_n41A and DC_(n)41AA:
· 23dBm + 23dBm = PC2
· 26dBm + 26dBm = PC2
· 23dBm + 23dBm = PC3

[bookmark: _Hlk36135093]For Rel-15 RAN4 did not explicitly define the behavior for when the cell groups have different power capabilities. If equal A-MPR was applied, then the power would be different. Since the LTE and NR power were the same for A-MPR measurements and were not made with different cell group power classes, it is unclear how to apply A-MPR for 26 + 23 dBm. Therefore, the following architecture is not explicitly supported for B41/n41 intra-band EN-DC. 
· 26dBm + 23dBm = PC2
However, since a 26 dBm PA linearity will be better than a 23 dBm PA at 23 dBm and below, RAN4 could allow for 26dBm + 23dBm = PC2 by defining that both the LTE and NR cell group A-MPR is relative to 23 dBm for this configuration, even though the PPowerClass for one of the cell groups is 26 dBm. 
Observation 4: In order to support the 26dBm + 23dBm = PC2 architecture for B41/n41 intra-band EN-DC, RAN4 would need to agree on how to apply A-MPR when the LTE and NR cell groups are of different power classes.
Proposal 1: For Rel-16 RAN4 should add support for 26 dBm + 23 dBm = PC2. 

[bookmark: _Hlk36116043]2.2 What power the cell group A-MPRIM3 is applied relative to and what power the A-MPRtot is applied relative to
The A-MPR for each cell group is calculated by taking the Max of the single RAT A-MPR and the A-MPRIM3. The following is for contiguous EN-DC. Non-contiguous also includes A-MPRACLRoverlap in the max function.
[bookmark: _Hlk36136324]A-MPR'c = A-MPRNR = MAX( A-MPRsingle,NR, A-MPRIM3)
A-MPRE-UTRA = MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 )
Because  A-MPRNR uses MAX( A-MPRsingle,NR, A-MPRIM3) and A-MPRE-UTRA uses MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 ), it is necessary that A-MPRIM3 uses the same reference as A-MPRsingle.
Observation 5: Because  A-MPRNR uses MAX( A-MPRsingle,NR, A-MPRIM3) and A-MPRE-UTRA uses MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 ), it is necessary that A-MPRIM3 uses the same reference as A-MPRsingle.
[bookmark: _Hlk36136595]Since the A-MPRsingle,NR A-MPRsingle,E-UTRA are relative to 23 dBm for a 23 dBm Cell Group and relative to 26 dBm for a 26 dBm Cell Group, it is necessary that A-MPRIM3 is relative to PPowerClass for the Cell Group. 
Observation 6: Since the A-MPRsingle,NR A-MPRsingle,E-UTRA are relative to 23 dBm for a 23 dBm Cell Group and relative to 26 dBm for a 26 dBm Cell Group, it is necessary that A-MPRIM3 is relative to PPowerClass for the Cell Group. 
[bookmark: _Hlk36116575]At RAN#94e a Draft CR was endorsed that clarified that the A-MPRIM3 for intra-band EN-DC was relative to the cell group maximum power, not the EN-DC maximum power [7]. 
6.2B.3.1.2.1	A-MPRIM3 for NS_04 to meet -13 dBm / 1MHz for 26dBm UE power
A-MPR in this clause is relative to 26 dBm for a power class 2 Cell Group. The same A-MPR is used relative to 23 dBm for a power class 3 Cell Group.
Observation 7: At RAN#94e a CR was agreed that clarified that the A-MPRIM3 for intra-band EN-DC was relative to the cell group maximum power.

A-MPRtot is defined as the total A-MPR for EN-DC: 
-	for the total configured transmission power, A-MPRtot = A-MPRDC
For NS_04, A-MPRtot 
A-MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - A-MPRE-UTRA)/10) + 10^((PPowerClass,NR - A-MPRNR)/10))
[bookmark: _Hlk36138273]Since the A-MPRtot is calculated based on PPowerClass,EN-DC, A-MPRtot has to be relative to PPowerClass,EN-DC.
Observation 8: Since the A-MPRtot is calculated based on PPowerClass,EN-DC, A-MPRtot has to be relative to PPowerClass,EN-DC.
During the discussion at RAN4#94 one company claimed that because the EN-DC power is limited to 26 dBm, the power on LTE and on NR must always be limited to 23 dBm even for a Dynamic Power Sharing capable UE [8]. If that were the case, there would be no point to having dynamic power sharing capable UEs. Each Cell group could just be assigned half the power and we would only need non-Dynamic Power Sharing capable UEs. Rather, dynamic power sharing allows each cell group could transmit up to its cell group PPowerClass, with power first being allocated to LTE, and remaining power being allocated to NR, with allowances for any needed MPR or A-MPR. Figure 1 shows a plot of maximum possible LTE power vs. maximum possible NR power for 26 dBm + 26 dBm = PC2 UE with no dynamic power sharing, vs 26 dBm + 26 dBm = PC2 with dynamic power sharing.  
[image: ]
Figure 1 PC2 with DPS vs. no-DPS


While it is true that the measurements were made with equal power and therefore neither cell group could exceed 23 dBm for equal power measurements and thus the minimum A-MPR for each 26 dBm cell group for PC2 EN-DC is 3 dB, it is not necessary that the LTE and NR power be equal in all operational scenarios. It is well understood that it is more likely that the PSD will be the same between LTE and NR when the MCS is the same. RAN4 discussed over several meetings how to handle the situation if the power was not equal between LTE and NR. There were 3 approaches proposed:
1) The Skyworks/Sprint approach where NR power could be increased by 0.5 dB for each decrease in LTE power above the equal power A-MPR threshold, and decreased by 2 dB for each 1 dB in LTE power below the equal power A-MPR threshold. 
2) The Qualcomm approach where  NR power stays the same if LTE power was below the equal power A-MPR threshold and NR can be dropped if LTE power was above the equal power A-MPR threshold
3) The Ericsson approach where the total A-MPR relative to the EN-DC power class is calculated and the total back-off maintain when LTE power is above or below the equal power A-MPR threshold. 
Figure 2 compares the three approaches, with MA of 8 dB for this example. 
[image: ]
Figure 2 The three options for intra-band EN-DC A-MPR when LTE and NR power is not equal with MA=8 dB
As can be seen in Figure 1, the Skyworks/Sprint approach is the most aggressive and the Qualcomm approach is the most conservative with the Ericsson approach mostly in between. After much discussion, RAN4 decided to adopt the Ericsson “constant back-off” approach as a compromise solution, as documented in the “Miraculous Way Forward” [9]. This approach was not necessarily proven to be scientifically accurate, but sufficient margin was added to make it acceptable to RAN4. 
Observation 9: For cases where the power between LTE and NR is not the same, RAN4 adopted the Ericsson “constant back-off” approach for intra-band EN-DC A-MPR. 

It is important to understand how these A-MPRs are applied. Having the Cell group A-MPR relative to 26 dBm for each cell group for PC2 EN-DC does NOT mean that for PC2 EN-DC both Cell Groups can transmit at 26 dBm simultaneously as one company has mistakenly claimed in the RAN4#94e e-mail discussions [8]. Because of the equal power for A-MPR measurements, the A-MPRIM3 relative to the cell group power class for a 26 dBm + 26 dBm = PC2 EN-DC UE the at equal power would have to be at least 3 dB. 
Since intra-band EN-DC is so complex, it might help to walk through step by step how intra-band EN-DC A-MPR is calculated and applied. For the sake of brevity, we will discuss Power Class 2 contiguous intra-band EN-DC A-MPR for DC_(n)41A for a Dynamic Power Sharing capable UE. The same steps would apply for non-contiguous combination DC_41A_n41A. 
First, because the A-MPR to be applied to the MCG is calculated based only on 36.101, from 38.101-3 clause 6.2B.3.1.2.0:
[bookmark: _Hlk36141645]-	for the MCG, A-MPRc in accordance with TS 36.101 [4]
A-MPRc is applied directly to the MCG. 
Next,  A-MPR'c for the SCG is calculated as follows:
-	for the SCG,
	A-MPR'c = A-MPRNR = MAX( A-MPRsingle,NR, A-MPRIM3)
However, we do not only apply A-MPRNR directly to the SCG. We also use it to calcualte A-MPRtot as follows: 
-	for the total configured transmission power,
[bookmark: _Hlk36217376]A-MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - A-MPRE-UTRA)/10) + 10^((PPowerClass,NR - A-MPRNR)/10))
where
	A-MPRE-UTRA = MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 )
For non-DPS capable UEs, the UE does not know the allocation on the other RAT, so the worst-case assumption for the assignment on the other cell group is made, and the appropriate A-MPR is allowed for each cell group. 
For DPS capable UEs, the it may seem strange that we calculate A-MPRE-UTRA even though we don’t apply this directly to the E-UTRA cell group. Also, we don’t apply A-MPRNR directly to the NR cell group. The reason for this is that we calcualte A-MPRE-UTRA and A-MPRNR based on equal power, and then use those to calculate A-MPRtot. A-MPRtot is then used to calculate PEN-DC,tot_L:  
	PEN-DC,tot_L (p,q) = MIN{ PPowerClass,EN-DC - ΔPPowerClass,EN-DC – MAX{MPRtot, A-MPRtot}, PEMAX,EN-DC}
From this PCMAX_EN-DC is calculated. RAN4 agreed that after calculating LTE power, NR power would be adjusted so that A-MPRtot is maintained. 
After much discussion in RAN on PCMAX,EN-DC RAN4 decided to go with the Ericsson approach of “constant total back-off” as agreed to in the Miraculous Way Forward [9]. This approach is based on calculating LTE power and A-MPRtot, and then determining the minimum NR power such that constant back-off is maintained. 
Here are some example plots of LTE and NR transmitted power that show the maximum power to be below PPowerClass,EN-DC and the minimim power based on maintaining constant A-MPRtot. For example purposes, all of the figures below are based on equal back-off of 8 dB. 
For Figure 3 PPowerClass,E-UTRA and PPowerClass,NR are both 23 dBm, and PPowerClass,EN-DC is 23 dBm. The equal power point on the curve is where both the LTE and power are 23-8=15 dBm. A-MPRtot = 23 dBm – 18 dBm = 5 dB. The dashed curve corresponds to constant back-off /constant power of 18 dBm.   
[image: ]
Figure 3 Power sharing and A-MPRtot for PPowerClass_EN-DC = 23 dBm, PPowerClass_LTE = PPowerClass_NR =23 dBm, MA = 8 dB
A way to view these charts is for a given LTE power, one can determine what range is for the maximum NR power and the NR power with the maximum back-off applied. For instance, if the LTE power was 20 dBm, the maximum NR power would be 20 dBm to keep the total power below PPowerClass, EN-DC. Also, when the LTE power is 20 dB NR can be dropped. If the LTE power was 15 dBm, the maximum NR power could be as high as 22.3 dBm if no A-MPR is taken and as low as 15 dBm if the maximum A-MPR is taken. 
For Figure 4 the PPowerClass,E-UTRA and PPowerClass,NR are both 23 dBm, and PPowerClass,EN-DC is 26 dBm.  The equal power point on the curve is where both the LTE and power are 23-8=15 dBm. A-MPRtot = 26 dBm – 18 dBm = 8 dB. The dashed curve corresponds to constant/constant back-off power of 18 dBm. It is interesting to note that the minimum curve is the same in Figure 2 as it is in Figure 1. This is as expected, because if the emissions can be met with a total EN-DC power of 18 dBm for a PC3 EN-DC UE, they can be met with 18 dBm for a  PC2 EN-DC UE. 
[image: ]
Figure 4 Power sharing and A-MPRtot for PPowerClass_EN-DC = 26 dBm, PPowerClass_LTE = PPowerClass_NR =23 dBm, MA = 8 dB
Observation 10: Since the A-MPR for each cell group is relative to PPowerClass of the cell group, the same cell group A-MPR for PC3 intra-band EN-DC is used for PC2 intra-band EN-DC, but A-MPRtot is 3 dB higher for PC2 intra-band EN-DC than it is for PC3 intra-band EN-DC. 
For Figure 5 PPowerClass,E-UTRA and PPowerClass,NR are both 26 dBm, and PPowerClass,EN-DC is 26 dBm. The equal power point on the curve is where both the LTE and power are 26-8=18 dBm. A-MPRtot = 26 dBm – 21 dBm = 5 dB. The dashed curve corresponds to constant/constant back-off power of 21 dBm. 
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Figure 5 Power sharing and A-MPRtot for PPowerClass_EN-DC = 26 dBm, PPowerClass_LTE = PPowerClass_NR =26 dBm, MA = 8 dB
Because A-MPR is based on the 
2.3 Aspects of the existing PC2 A-MPR can be applied to PC1.5, and what new aspects are needed for PC1.5 and why 
As already has been agreed by RAN4, the SEM, general emissions and ACLR and additional emissions requirements are the same for PC1.5 as for PC2. 
Observation 11: The SEM, general emissions and ACLR requirements are the same for PC1.5 as for PC2.
Also, a PC1.5 EN-DC UE uses two 26 dBm PAs just as a PC2 EN-DC UE does. The only thing different is that higher maximum power is allowed. 
Observation 12: The emissions requirements are the same for PC1.5 as for PC2. The only difference is that higher maximum power is allowed. 
Since the A-MPRE-UTRA is relative to the PPowerClass,E-UTRA and A-MPRNR is relative to PPowerClass,NR the same A-MPRIM3 curves can be used for PC1.5 as were used for PC2. The only difference between PC2 intra-band EN-DC and PC 1.5 intra-band EN-DC is that 3 dB higher maximum total power is allowed for PC 1.5, and therefore A-MPRtot for PC1.5 is 3 dB greater than A-MPRtot for PC2. This is the same situation as using the same A-MPRIM3 curves for 23 dBm + 23 dBm = PC2 and for 23 dBm + 23 dBm = PC3. The mode of SA operation and power-class indication for PC1.5 is still under discussion.
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Figure 6 Power sharing and A-MPRtot for PPowerClass_EN-DC = 29 dBm, PPowerClass_LTE = PPowerClass_NR =26 dBm, MA = 8 dB
Observation 13: Since the A-MPRE-UTRA is relative to the PPowerClass,E-UTRA and A-MPRNR is relative to PPowerClass,NR the same A-MPRIM3 curves can be used for PC1.5 as were used for PC2.

Proposal 2: The 26 dBm A-MPREN-DC, A-MPRIM3 A-MPRoverlap and MPRENDC for 26 dBm cell groups shall be re-used for PC1.5 EN-DC.  
Proposal 3: RAN4 should conclude the discussions of Rel-15 A-MPR and concentrate on finishing the 29 dBm HPUE Work Item. 
3	Conclusions 
Observation 1: The A-MPR measurements from Skyworks and Qorvo included measurements with 26 dBm PAs relative to 26 dBm, with the agreement that the same A-MPRIM3 would be applied to a 23 dBm PA relative to 23 dBm. 
Observation 2: At RAN4 #90 it was proposed that 23 dBm + 23 dBm is the only valid architecture option for Rel-15 intra-band EN-DC, but the proposal was not agreeable because 26 dBm + 26 dBm A-MPR was already specified for B41/n41 intra-band EN-DC in 38.101-3.
Observation 3: The following Architecture options are currently supported in 38.101-3 for DC_41A_n41A and DC_(n)41AA:
· 23dBm + 23dBm = PC2
· 26dBm + 26dBm = PC2
· 23dBm + 23dBm = PC3
Observation 4: In order to support the 26dBm + 23dBm = PC2 architecture for B41/n41 intra-band EN-DC, RAN4 would need to agree on how to apply A-MPR when the LTE and NR cell groups are of different power classes.
Observation 5: Because  A-MPRNR uses MAX( A-MPRsingle,NR, A-MPRIM3) and A-MPRE-UTRA uses MAX( A-MPRsingle,E-UTRA + MPRsingle,E-UTRA, A-MPRIM3 ), it is necessary that A-MPRIM3 uses the same reference as A-MPRsingle.
Observation 6: Since the A-MPRsingle,NR A-MPRsingle,E-UTRA are relative to 23 dBm for a 23 dBm Cell Group and relative to 26 dBm for a 26 dBm Cell Group, it is necessary that A-MPRIM3 is relative to PPowerClass for the Cell Group. 
Observation 7: At RAN#94e a CR was agreed that clarified that the A-MPRIM3 for intra-band EN-DC was relative to the cell group maximum power.
Observation 8: Since the A-MPRtot is calculated based on PPowerClass,EN-DC, A-MPRtot has to be relative to PPowerClass,EN-DC.
Observation 9: for cases where the power between LTE and NR is not the same, RAN4 adopted the Ericsson “constant back-off” approach for intra-band EN-DC A-MPR. 
Observation 10: Since the A-MPR for each cell group is relative to PPowerClass of the cell group, the same cell group A-MPR for PC3 intra-band EN-DC is used for PC2 intra-band EN-DC, but A-MPRtot is 3 dB higher for PC2 intra-band EN-DC than it is for PC3 intra-band EN-DC. 
Observation 11: The SEM, general emissions and ACLR requirements are the same for PC1.5 as for PC2.
Observation 12: The emissions requirements are the same for PC1.5 as for PC2. The only difference is that higher maximum power is allowed. 
Observation 13: Since the A-MPRE-UTRA is relative to the PPowerClass,E-UTRA and A-MPRNR is relative to PPowerClass,NR the same A-MPRIM3 curves can be used for PC1.5 as were used for PC2.

Proposal 1: For Rel-16 RAN4 should add support for 26 dBm + 23 dBm = PC2
Proposal 2: The 26 dBm A-MPREN-DC, A-MPRIM3 A-MPRoverlap and MPRENDC for 26 dBm cell groups shall be used for PC1.5 EN-DC.  
Proposal 3: RAN4 should conclude the discussions of Rel-15 A-MPR and concentrate on finishing the 29 dBm HPUE Work Item. 
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