[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG4 #90		                                     		R4-1901888
Athens, Greece
February 25 – March 1, 2019

Agenda Item:	6.7.4.3.3
Source:	Motorola Mobility
Title:	Further Simulation Results for DC_(n)71AA without Dynamic Power Sharing
Document for:  Approval
1. Introduction
In RAN4#89, the A-MPR in Proposal 2a in [1] was agreed for the case of DC_(n)71AA without dynamic power sharing. However, the agreement is currently in square brackets over concerns that the simulation results provided were for a single PA model.  In this contribution, simulation results are provided for a second PA model.  These additional simulation results confirm that the Proposal 2a A-MPR is sufficient to meet emissions requirements. Based on these simulation results, it is proposed that square brackets be removed from the A-MPR.

2. A-MPR Proposal 2a for DC_(n)71AA

The Proposal 2a from [1] that was agreed in square brackets in RAN4 #89 is the following:

Proposal 2a:
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.
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Figure 1:  Proposal 2a AMPR Reduction vs. Number of RB’s for OFDM
The AMPR reduction for Proposal 2a for OFDM is shown in Figure 1 for the case in which NRB,LTE = NRB,NR = 50, and is quite significant. The AMPR reduction for DFT-S-OFDM is similar.  The total A-MPR penalty (not per carrier) relative to dynamic power sharing is shown in Figure 2 and is less than or equal to 2 dB so long as at least 1 RB is transmitted on each carrier.
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Figure 2: AMPR penalty for OFDM without dynamic power sharing for Proposal 2a
The simulation results for Proposal 2a are shown in the Appendix for two different PA models.  For both PA models, it can be observed in all cases that the A-MPR in Proposal 2a is sufficient to meet emissions requirements.
3. Conclusion
Based on the additional simulation results provided in this contribution, it is proposed that the square brackets be removed from the A-MPR for DC_(n)71AA without dynamic power sharing as shown below:





<<< Start of changed sections>>>

-	for UE not indicating support of dynamicPowerSharing
		A-MPRLTE = CEIL{ MA,LTE , 0.5}
	A-MPRNR = CEIL{ MA,NR, 0.5}
where A-MPR is the total power reduction allowed per CG with
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<<< End of changed sections>>>
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Appendix:  Simulation Results with 2nd PA Model

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 [5], with a few small differences indicated in yellow:

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

The emissions requirements that were applied were the following:

· NR general spurious requirement from 38.101-1 Table 6.5.3.1-2
· ACLR from 38.101-3, Table 6.5B.2.1.3-1 ACLR for intra-band EN-DC
· NS_35 spectral emission mask from Table 6.5B.2.1.2.1-1
· Protection of Band 29 at -38 dBm/MHz with filter rejection of 10 dB
· 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 [4].  For all of the figures A1 – A24, all possible edge allocations were simulated.

The simulation results presented in Figures A1 - A4 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 Proposal 2a 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 each carrier is set equal to its 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 reduced until the emissions requirements are just met, where the total AMPR is determined from the sum of the LTE power and the NR power. From the total AMPR, the AMPR for the LTE carrier is computed as the sum of the total AMPR and the negative of 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 the negative of 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 the simulated AMPR’s for a given LTE / NR allocation pair 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 2a are below for two different PA models.  It should be noted that the allowed AMPR is a function of both the bandwidths of the two carriers.  As a result, a total of 5 figures is needed for each modulation and each PA.  From the simulation results, it can be observed that the A-MPR with Proposal 2a is sufficient to meet the emissions requirements in all cases for both PA models.
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Figure A1: AMPR with dynamic power sharing and equal PSD, DFT-S-OFDM – PA1
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Figure A2: AMPR with dynamic power sharing and equal PSD, DFT-S-OFDM – PA2
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Figure A3: AMPR with dynamic power sharing and equal PSD, OFDM – PA1
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Figure A4: AMPR with dynamic power sharing and equal PSD, OFDM – PA2
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       Figure A5:  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 – PA1
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       Figure A6:  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 – PA2
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Figure A7:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 10 MHz carrier – PA1
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Figure A8:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 10 MHz carrier – PA2
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Figure A9:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 10 MHz 	carrier when paired with a 5 MHz carrier  – PA1
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Figure A10:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 10 MHz 	carrier when paired with a 5 MHz carrier  – PA2
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Figure A11:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 15 MHz carrier  – PA1
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Figure A12:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 5 MHz 	carrier when paired with a 15 MHz carrier  – PA2
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Figure A13:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 15 MHz 	carrier when paired with a 5 MHz carrier  – PA1
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Figure A14:  Simulated AMPR for Proposal 2a with DFT-s-OFDM for a 15 MHz 	carrier when paired with a 5 MHz carrier  – PA2
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  	Figure A15:  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 – PA1
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  	Figure A16:  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 – PA2
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Figure A17:  Simulated AMPR for Proposal 2a with OFDM for a 5 MHz 		carrier when paired with a 10 MHz carrier – PA1
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Figure A18:  Simulated AMPR for Proposal 2a with OFDM for a 5 MHz 		carrier when paired with a 10 MHz carrier – PA2
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Figure A19:  Simulated AMPR for Proposal 2a with OFDM for a 10 MHz 		carrier 	when paired with a 5 MHz carrier – PA1
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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 – PA2
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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 – PA1
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Figure A22:  Simulated AMPR for Proposal 2a with OFDM for a 5 MHz 		carrier 	when paired with a 15 MHz carrier – PA2
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Figure A23:  Simulated AMPR for Proposal 2a with OFDM for a 15 MHz 		carrier 	when paired with a 5 MHz carrier – PA1
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Figure A24:  Simulated AMPR for Proposal 2a with OFDM for a 15 MHz 		carrier 	when paired with a 5 MHz carrier – PA2
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