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1 Background
The power control for intra-band EN-DC includes a condition on the PSD difference between the CG power, the uE is allowed to drop the NR CG in case the difference exceeds a tentative 6 dB. In this contribution we show that a PSD criterion on the CG power is not motivated, neither from an unwanted emissions nor an EVM perspective. The back-off of the total signal is sufficient. We propose that the PSD condition be removed.
2  Power back-off and unwanted emissions with PSD difference
First we consider the impact of an increasing PSD on unwanted emission subject to a given output power (i.e. a given total A-MPR according to the PRB allocation). DC_(n)71B is used as an example that allows simulations with a single PA archictecture, expecting a similar behavior for a dual PA architecture with regard to the PSD difference. The simulation assumptions are as follows:

1. the PA is calibrated to 22 dBm for QPSK and DFTS-OFDM for a 20 MHz LTE carrier (MPR = 1 dB)

2. bandwidth combinations 10 + 10 MHz
3. LTE UL (MCG) centred at 693 MHz, NR UL (SCG) at 683 MHz

4. DFTS-OFDM and QPSK only
5. LO always centered w r t the aggregate EN-DC bandwidth (hence combination of the CGs in the baseband followed by a common upconversion)

6. two allocations 
a. ”devils” horn with 1RB + 1RB such that IM5 falls into Band 29
b. 50 RB at lower edge of NR, 5 RB upper edge LTE, IM3 should just leak into B29
7. No duplex filter rejection assumed across B29.
First we look at the devils horn to compare with expected results for a two-tone test subject constant total power. The total power is 15 dBm, thus at a back-off 3 dB less than the allowed A-MPR. The maximum IM3 level is expected when the power difference between the RBs is of the order of 3 dBm, the IM3 level decreases as the power difference increases (also PSD in this case). Figure 1 shows the case PLTE = 12 dBm and PNR = 12 dBm, Figure 2 shows PLTE = 13.5 dBm and PNR = 10.5 dBm and Figure 3 PLTE = 14.5 dBm and PNR = 4.5 dBm. The case with a 3 dB generates the highest IM3 power as expected, the 10 dB case is the more benign but this would have allowed NR dropping in accordance with the PSD criterion.
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Figure 1: emissions for PLTE = 12 dBm and PNR = 12 dBm (0 dB difference)
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Figure 2: emissions for PLTE = 13.5 dBm and PNR = 10.5 dBm (3 dB difference)
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Figure 3: emissions for PLTE = 14.5 dBm and PNR = 4.5 dBm (10 dB difference)
Next we look at the case with different PSD by still with a condition in the total power (as set by total back-off). The allocations are 5 PRB and 50 PRB for LTE and NR, respectively. The total output power is 19 dBm, 2 dB higher than the minimum allowed according to the allowed total A-MPR. Figure 3, 4 and 5 show the respective cases of equal PSD, 10 dB PSD difference and 16 dB PSD difference. Among these cases, the emissions nearest the narrower (LTE) allocation is higher for a the 10 dB case and decreases with the PSD difference, while the emissions nearest to the wider allocation are worse for equal PSD. The cases that would allow NR dropping are more benign. In all cases the emission levels are well below the unwanted emissions levels. 
[image: image4.png]| —
| ——PsD
10 EN-DC SEM
N 829
C_Js12
-10
g 20
230
E
8 40t
E =
@ 50
o
60
70
80
20 -
8 5 4 2 0 2 4 8
Frequency [Hz] x107

o Band 71: NR Equal_psd 50RB0 + LTE 5RB40. Pout: 19.00dBm





Figure 4: emissions at 19 dBm output power (equal PSD)
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Figure 5: emissions at 19 dBm output power (10 dB PSD difference)
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Figure 6: emissions at 19 dBm output power (16 dB PSD difference)
These simulations indicate that a PSD dropping criterion is not needed from an emissions perspective, a limit on the total power suffices.
3 EVM with PSD difference and phase discontinuity
Is EVM a problem with large PSD problem given a total output power? Next we show simulations that indicate that the EVM is lower at larger PSD difference, also with due account of phase discontinuity.
We consider the EVM and demodulation performance on the CG with lower PSD. In our case this is the LTE CG that can be subject to an NR CG with allocation overlapping with one or both one of the LTE slots (phase discontinuity in the former case). An indication of the impact of phase discontinuity can be obtained by simulating an intra-band contiguous EN-DC case with a 10 + 10 MHz carrier assignment and 50 PRB fixed PUSCH allocation on each CG. We assume a UE architecture with as single PA and a common IFFT. The PA is calibrated to achieve 22 dBm output power at a full 20 MHz LTE single-carrier case (MPR = 1 dB). The channel is AWGN.

For the uplink we consider two different MCS of high order, MCS index 24 in accordance with Table 6.1.4.1-1 in 38.214 (64QAM). The simulation is set up such that a full sub-frame LTE CG PUSCH is allocated (50 PRB) and an NR CG (50 PRB) is allocated in the second LTE slot for the case of phase discontinuity. This means that the total PA power increases by 3 dB in the second LTE slot.

We only consider the impact of the PA non-lineaarity (e.g. AM/PM), the bias is not changed. In the following figures there are three cases

1. Aggressor active ratio = 0.5, the NR CG is allocated in the second slot

2. Aggressor active ratio = 1, the NR CG is allocated in both LTE slots
The first case is the phase-discontinuity error case, the second allows us to relate this to the impact of an increase of the total power for a case in which the PA power does not change during the LTE subframe. The total output power is 17 dBm in the second slot in all cases.
We look at four cases with different PSD difference with and without NR allocation in the first LTE slot, listed below with the resulting EVM: 
a. PLTE = 14 dBm and PNR = 14 dBm (same PSD), denoted by ”LTE backoff = 9 dB, NR amplitude gain = 1 in the captions)
EVM = 3.3/2.7% (case 1/2 above)
b. PLTE = 12.5 dBm and PNR = 15.5 dBm (3 dB PSD difference), denoted by ”LTE backoff = 10.6 dB, NR amplitude gain = 1.41 in the captions)

EVM = 3.8/2.85% (case 1/2 above)
c. PLTE = 10 dBm and PNR = 16 dBm (6 dB PSD difference), denoted by ”LTE backoff = 13 dB, NR amplitude gain = 2 in the captions)

EVM = 3.6/2.45% (case 1/2 above)
d. PLTE = 6.5 dBm and PNR = 16.5 dBm (10 dB PSD difference), denoted by ”LTE backoff = 16.5 dB, NR amplitude gain = 3.2 in the captions)

EVM = 2.6/1.7% (case 1/2 above)

For these cases, we observe that the EVM is lowest for the 10 dB difference and higest for the 3 dB case with and without impact of phase discontinuity. The total power is constant (PA operating point), the cases with a lower LTE power (signal variability) is more benign, the worst case is the 3 dB PSD difference that would not have allowed any NR dropping given the present tentative 6 dB criterion.  
The throughput results are shown in Figure 7, the throughput decreases with increasing EVM. The impact of the phase discontinuity is modest, but there is a marginal impact of the PSD difference. The throughput is higest at 10 dB PSD difference both for case 1 and case 2 above. Remark that we do not assume any phase compensation. Figure 8 shows the results in Figure 7 magnified.
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Figure 7: throughput for case a-d with and without impact of phase discontinuity.
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Figure 8: the plot in Figure 7 magnified.
The results indicate that that a PSD dropping condition is not needed from an EVM perspective.
4 Proposal
Simulations of unwanted emissions and impact on EVM on the CG with lower PSD indicate that a PSD criterion on the CG power is not motivated, neither from an unwanted emissions nor an EVM perspective. The back-off of the total signal is sufficient. We propose that the PSD condition be removed, both for the contiguous and non-contiguous cases. An accompanying CR can be found in [1].
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