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1. Introduction
As discussed in [1], the excess AMPR for DC_(n)71AA without dynamic power sharing can be very large, where the excess AMPR is defined as the difference between the AMPR with dynamic power sharing and the AMPR without dynamic power sharing for the same pair of RB allocations. In particular, for small allocations, the AMPR without dynamic power sharing can be as much as 14 dB more than with dynamic power sharing.  The reason for the large AMPR is that each carrier must determine its own AMPR without knowledge of the number of RB’s allocated on the other carrier.

In [1], three proposals were presented for reducing the AMPR for DC_(n)71AA without dynamic power sharing.  All of these proposals significantly reduce the AMPR, especially for small allocations.  In addition, all of these proposals have the necessary property that the total AMPR allowed for any combination of RB allocations is greater than or equal to the AMPR for the same RB combination with dynamic power sharing.  However, there is a possible issue in that the simulations used to derive the dynamic power sharing AMPR values assumed equal PSD on the two carriers. As a result, it is necessary to consider the impact of unequal PSD on these proposals.

In this contribution, we review the proposals from [1] and the benefits of each.  We then provided simulation results for each of the proposals to demonstrate that the proposed AMPR values are sufficient to meet emissions requirements.
2. AMPR proposals for DC_(n)71AA without dynamic power sharing
As noted in the introduction, the AMPR penalty without dynamic power sharing is very large, as can be seen in Figure 1.  For this reason, several methods for reducing the AMPR without dynamic power sharing were presented in [1].
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Figure 1:  AMPR penalty for OFDM with non-dynamic power sharing

Proposal 1
Proposal 1 in [1] was derived by finding the maximum of the following expression

[image: ], 
where this expression represents the worst case MPR for the LTE carrier that is needed over all possible RB allocations on the NR carrier.  The first term is the dynamic power sharing MPR based on the overall allocation ratio, and the second term is a power sharing term.  It should be noted that with this power sharing term, each carrier defers at least one-half of the remaining power to the other carrier (for equal bandwidth carriers), and in the case of small allocations, each carrier defers the vast majority of the power to the other carrier.
Based on the maximization of the above expression over all NR RB allocations LCRB,NR as derived in Appendix 1 of [1], we have the first proposal for reducing AMPR.
Proposal 1:
The AMPR for DC_(n)71AA without dynamic power sharing is defined as
[image: ],
and
[image: ].

In Figure 2, we plot the difference between the AMPR currently in the specification and the AMPR in Proposal 1 for OFDM modulation as a function of the allocation ratio for NRB,LTE = NRB,NR = 50.  The AMPR reduction for DFT-S-OFDM is slightly larger than the AMPR reduction in Figure 2.

[image: ]
Figure 2:  Proposal 1 AMPR Reduction vs. Number of RB’s for OFDM
It can also be shown that the AMPR in Proposal 1 has the desirable property that the maximum power spectral densities of both the LTE and NR carriers without dynamic power sharing will be less than the maximum average PSD of these carriers with dynamic power sharing.  This property is shown to be satisfied in Appendix 2 of [1] and is illustrated in Figure 3.
This property is beneficial if the equal PSD case is not the worst case with respect to meeting emissions requirements. Since equal PSD was used to derive the power sharing AMPR in 6.2B.3.1.1, it should still be possible to meet emissions requirements since the PSD of both carriers is reduced relative to the equal PSD that was sufficient to meet the emissions requirements during simulation. As a result, there is no issue with unequal PSD for Proposal 1.
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Figure 3:  Maximum power spectral density with and without dynamic power sharing.   With Proposal 1, the maximum PSD of both the LTE and the NR carriers is less than the average PSD with dynamic power sharing.
Proposals 2a and 2b
As noted in the previous section, Proposal 1 was derived by maximizing the expression

[image: ]

where the second term is the power sharing term.  The effect of this power sharing term is to reserve power for the other carrier with unknown allocation LCRB,NB. In maximizing the above expression, it was found that the worst case allocation was LCRB,NR = NRB,NR.  This same worst-case power sharing term 
[image: ]

is also currently used in the specification in Section 6.2B.3.1.1 of TS 38.101-3 [2].  As a result, with the existing specification, the LTE carrier reserves the vast majority of the available power for the NR carrier when the LTE allocation is small.  If the NR allocation is also small, then the NR carrier defers the vast majority of power to the NR carrier.  If we consider a worst case example in which LCRB,NR = LCRB,LTE = 1 and NRB,NR = NRB,LTE = 50 (for 10 MHz carriers), then each carrier defers 98% of the available power to the other carrier.  As a result, after taking the AMPR needed to meet emissions requirements, 96% of the remaining power is wasted, and this corresponds to an AMPR penalty of 14 dB relative to dynamic power sharing as can be seen in Figure 1 above.

A problem with the existing approach in the specification is that each carrier reserves a large amount of power for the other carrier that is never used.  In general, there is no benefit in the first carrier reserving more than one-half of its remaining power for the second carrier at the same time the second carrier is reserving more than one-half of its remaining power for the first carrier.  In order to avoid this problem, we have Proposals 2a and 2b below. 
Proposal 2a:
The AMPR for DC_(n)71AA without dynamic power sharing is defined as
[image: ],
and
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Proposal 2b:
The AMPR for DC_(n)71AA without dynamic power sharing is defined as
[image: ],
and
[image: ].
In Proposal 2a, each carrier first determines the worst case AMPR for the combined LTE/NR allocation by choosing the worst-case allocation LCRB = 1 for the other carrier.  Each carrier then scales the total remaining power by its fraction of the total bandwidth with expectation that allocating power in proportion to bandwidth will maximize the total throughput. Proposal 2b is similar except that each carrier takes one-half of the remaining power with the advantage that this will equalize the maximize power available for a single RB during transmission of the PUCCH.

[image: ]
Figure 4:  Proposal 2 AMPR Reduction vs. Number of RB’s for OFDM
The AMPR reduction for Proposal 2 for OFDM is shown in Figure 4 and is quite significant.  The AMPR reduction for DFT-S-OFDM is similar.  For this example, it can be noted that Proposals 2a and 2b are equivalent since NRB,LTE = NRB,NR = 50.  The AMPR penalty for Proposal 2 shown in Figure 5, and is greatly reduced from the AMPR penalty shown in Figure 1 for the current specification and in all cases is less than 2 dB.  
[image: ]
Figure 5: AMPR penalty for OFDM with non-dynamic power sharing for Proposal 2
It is straightforward to show that both Proposal 2a and 2b have the required property that the total AMPR over the two carriers exceeds the AMPR for dynamic power sharing for any allocations LCRB,LTE and LCRB,NR. For Proposal 2a, we have


                           
   	              
so that the total power AMPR with Proposal 2a is greater than the AMPR with dynamic power sharing.  The same method can be used to show that the total AMPR for Proposal 2b is greater than the AMPR with dynamic power sharing.
As mentioned previously, simulations with equal PSD for the NR and LTE carriers [3,4] were used to derive the power sharing AMPR in 6.2B.3.1.1 with the assumption that equal PSD is the worst case.  As noted above, Proposal 1 has the nice property that the maximum power spectral densities of both the LTE and NR carriers without dynamic power sharing will be less than the maximum average PSD of these carriers with dynamic power sharing.  Conversely, the AMPR in Proposals 2a and 2b do not have this property, so that the maximum PSD of one of the two carriers can be greater than the maximum average PSD of these carriers with dynamic power sharing.  As is shown in Appendix 3 of [1] and as is illustrated in Figure 6 below, it is possible for the PSD of one of the two carriers to be greater than the average PSD of these carriers with dynamic power sharing, and as result, simulations are needed to demonstrate that the proposed AMPR is sufficient to meet emissions requirements.
[image: ]
Figure 6:  Maximum power spectral density with and without dynamic power sharing.  For Proposal 2, the maximum PSD of either the LTE or the NR carrier may be greater than the maximum PSD with dynamic power sharing, but the maximum average PSD is less than the maximum average PSD with dynamic power sharing.
In the Appendix, simulation results are presented to show that the AMPR in Proposals 1, 2a, and 2b is sufficient to meet the emissions requirements for all bandwidth combinations.  The details of the simulations are described in the Appendix.
Proposal:
[bookmark: _GoBack]For DC_(n)71AA without dynamic power sharing, agree on the AMPR Proposal 2a:
The AMPR for DC_(n)71AA without dynamic power sharing is defined as
[image: ],
and
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3. Conclusion
In this contribution several proposals have been presented for reducing AMPR for DC_(n)71AA in the absence of dynamic power sharing.  Of these, Proposal 2a is likely preferred as it provides a larger reduction of AMPR relative to the current specification than does Proposal 1. Furthermore, Proposal 2a is likely preferable to Proposal 2b in that it partitions the power in proportion to the maximum bandwidth configuration of the two carriers and this partition should approximately maximize the sum throughput of the two carriers.
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Appendix:  Simulation Results

To demonstrate alignment with previous simulation results we first simulated the case of dynamic power sharing. The simulation assumptions used are similar to those in [4], with a few small differences indicated in yellow:

1. Bandwidth combinations (LTE+NR): 5+5 MHz, 5+10 MHz, 10+5 MHz, 5+15 MHz, 15+5 MHz, 10+10 MHz
1. Single PA
1. Equal PSD for LTE and NR
1. PA calibration point: QPSK 100 RB DFT-s-OFDM signal with 1 dB MPR (0.5 dB in [4])
1. LTE LO leakage and IQ-Image = -28 dBc (-25 dBc in [4]), NR LO leakage and IQ-Image = -28 dBc
1. 256 QAM modulation used for both LTE and NR

The emissions requirements that were applied were the following:

1. NR general spurious requirement from 38.101-1 Table 6.5.3.1-2
1. ACLR from 38.101-3, Table 6.5B.2.1.3-1 ACLR for intra-band EN-DC
1. NS_35 spectral emission mask from Table 6.5B.2.1.2.1-1
1. Protection of Band 29 at -38 dBm/MHz with filter rejection of 10 dB
1. EVM and in-band requirements were not applied
As the edge allocations are the worst case for meeting emissions requirements, it is sufficient to consider only the cases in which the LTE and NR allocations are at the outer edge as in [3].  For all of the figures A1 – A32, all possible edge allocations were simulated.

The simulation results presented in Figures A1 and A2 show the AMPR needed for DFT-S-OFDM and OFDM modulations on the NR carrier, respectively, with dynamic power sharing and equal PSD. The simulation results show the expected behavior as a function of allocation ratio and show good margin relative to the AMPR mask.

The method for evaluating whether or not the AMPR in Proposals 1, 2a and 2b is sufficient was the following.  We first note that when both carriers are at maximum power, the PSD of the two carriers is not equal.  In fact, the PSD of the LTE carrier can be determined as follows:

i) Determine the number of allocated LTE RB’s Lcrb,LTE
ii) For the given AMPR proposal, determine the AMPR for the given number of RB’s as AMPR(Lcrb,LTE)

The PSD for the LTE carrier is then proportional to 



The PSD of the NR carrier can be determined similarly: 

i) Determine the number of allocated NR RB’s Lcrb,NR
ii) For the given AMPR proposal, determine the AMPR for the given number of RB’s as AMPR(Lcrb,NR)

so that the PSD of the NR carrier is proportional to 


From the above, it follows that when the power of both carriers is equal to the allowed AMPR below the maximum power, the ratio of the PSD of the LTE carrier to the PSD of the NR carrier is given by



It should be noted that for a given allocation pair (Lcrb,LTE, Lcrb,NR), this ratio depends on the AMPR proposal.

In the simulations, the ratio of the LTE PSD to NR PSD is fixed and the total power is backed off until the emissions requirements are just met, where the total AMPR is determined from the total of the LTE power and the NR power. From the total AMPR, the MPR for the LTE carrier is computed as the sum of the total AMPR and 10 times the log of the ratio of the LTE power to by the sum of the LTE power and the NR power which is given by



Similarly, the total AMPR for the NR carrier is computed as the sum of the total AMPR and 10 times the log of the ratio the of the NR power to the sum of the LTE power and the NR power which is given by



If for a given allocation pair the AMPR of the LTE carrier and the AMPR of the NR carrier are both less than the proposed AMPR, then the proposed AMPR is sufficient to meet the emissions requirements for this allocation pair.  If the proposed AMPR is sufficient for all allocation pairs, the proposed AMPR rule is sufficient.  As mentioned above, all possible edge allocation pairs were simulated.

The simulation results for Proposals 1, 2a, and 2b are below.  The simulation results for Proposal 1 are in Figures A3 to A12.  The simulation results for Proposal 2a are in Figures A13 to A22.  The simulation results for Proposal 2b are in Figures A23 to A32.  It should be noted that the allowed AMPR is a function of both the bandwidth of the carrier of interest and the bandwidth of the carrier with which it is paired.  As a result,  a total of 5 figures are needed for each proposal and each modulation.  For all three proposals, the proposed AMPR was sufficient to meet emissions requirements in all cases.
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Figure A1: AMPR with dynamic power sharing and equal PSD, DFT-S-OFDM
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Figure A2: AMPR with dynamic power sharing and equal PSD, OFDM
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       Figure A3:  Simulated AMPR for Proposal 1 with DFT-s-OFDM for a 5 MHz carrier		paired with 5 MHz carrier and 10 MHz carrier paired with a 10 MHz carrier

[image: C:\Users\acf002\Desktop\plots\proposal 1 DFTS 5 with 10 PA1.bmp]
Figure A4:  Simulated AMPR for Proposal 1 with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 10 MHz carrier
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Figure A5:  Simulated AMPR for Proposal 1 with DFT-s-OFDM for a 10 MHz 	carrier when paired with a 5 MHz carrier
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Figure A6:  Simulated AMPR for Proposal 1 with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 15 MHz carrier
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Figure A7:  Simulated AMPR for Proposal 1 with DFT-s-OFDM for a 15 MHz	carrier when paired with a 5 MHz carrier
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  	Figure A8:  Simulated AMPR for Proposal 1 with OFDM for a 5 MHz carrier 		     paired with 5 MHz carrier and 10 MHz carrier paired with a 10 MHz carrier
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Figure A9:  Simulated AMPR for Proposal 1 with OFDM for a 5 MHz 		carrier when paired with a 10 MHz carrier
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Figure A10:  Simulated AMPR for Proposal 1 with OFDM for a 10 MHz 		carrier 	when paired with a 5 MHz carrier
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Figure A11:  Simulated AMPR for Proposal 1 with OFDM for a 5 MHz 		carrier 	when paired with a 15 MHz carrier
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Figure A12:  Simulated AMPR for Proposal 1 with OFDM for a 15 			carrier 	when paired with a 5 MHz carrier
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       Figure A13:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz carrier		       paired with 5 MHz carrier and 10 MHz carrier paired with a 10 MHz carrier
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Figure A14:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 10 MHz carrier
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Figure A15:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 10 MHz 	carrier when paired with a 5 MHz carrier
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Figure A16:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 15 MHz carrier
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Figure A17:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 15 MHz 	carrier when paired with a 5 MHz carrier
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  	Figure A18:  Simulated AMPR for Proposal 2a with OFDM for a 5 MHz carrier 		       paired with 5 MHz carrier and 10 MHz carrier paired with a 10 MHz carrier
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Figure A19:  Simulated AMPR for Proposal 2a with OFDM for a 5 MHz 		carrier when paired with a 10 MHz carrier
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Figure A20:  Simulated AMPR for Proposal 2a with OFDM for a 10 MHz 		carrier 	when paired with a 5 MHz carrier
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Figure A21:  Simulated AMPR for Proposal 2a with OFDM for a 5 MHz 		carrier 	when paired with a 15 MHz carrier
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Figure A22:  Simulated AMPR for Proposal 2a with OFDM for a 15 MHz 		carrier 	when paired with a 5 MHz carrier
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       Figure A23:  Simulated AMPR for Proposal 2b with DFT-s-OFDM for a 5 MHz carrier		         paired with 5 MHz carrier and 10 MHz carrier paired with a 10 MHz carrier
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Figure A24:  Simulated AMPR for Proposal 2b with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 10 MHz carrier
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Figure A25:  Simulated AMPR for Proposal 2b with DFT-s-OFDM for a 10 MHz 	carrier when paired with a 5 MHz carrier
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Figure A26:  Simulated AMPR for Proposal 2b with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 15 MHz carrier
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Figure A27:  Simulated AMPR for Proposal 2b with DFT-s-OFDM for a 15 MHz 	carrier when paired with a 5 MHz carrier

[image: C:\Users\acf002\Desktop\plots\proposal 2b OFDM 5+5 and 10+10 PA1.bmp]
	Figure A28:  Simulated AMPR for Proposal 2b with OFDM for a 5 MHz carrier 		      paired with 5 MHz carrier and 10 MHz carrier paired with a 10 MHz carrier
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Figure A29:  Simulated AMPR for Proposal 2b with OFDM for a 5 MHz 		carrier 	when paired with a 10 MHz carrier
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Figure A30:  Simulated AMPR for Proposal 2b with OFDM for a 10 MHz 		carrier 	when paired with a 5 MHz carrier
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Figure A31:  Simulated AMPR for Proposal 2b with OFDM for a 5 MHz 		carrier 	when paired with a 15 MHz carrier
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Figure A32:  Simulated AMPR for Proposal 2a with OFDM for a 15 MHz 		carrier when paired with a 5 MHz carrier
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