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1
Introduction
RAN4#80 discussed the possibility of using Bands 11 and 21 for the newly identified IMT spectrum at 1.5 GHz frequency range. A way forward was agreed on how to simulate the unwanted emissions from Band 11 and 21 UEs to the EESS spectrum [1].
This document presents PA backoff simulation results to achieve the unwanted emission limit.
2
Discussion

The simulation scenarios have been selected from the way forward document:
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Figure 1: Simulation scenarios for Power Class 3 UEs [1]
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Figure 2: Simulation scenarios for Cat M1 and NB1 UEs [2]
As in the agreed way forward, simulation parameters were as follows:

· 25 dB IQ image and LO suppression, 60 dB CIM3 suppression
· No filter attenuation is assumed in the region 1400-1427 MHz
· TX power is to be set to 15 dBm at the antenna port
2.1
Simulation results for Power Class 3
A simulation was run to determine required backoff from 23 dBm, to reach the -32 dBm/27 MHz out-of-band emission limit. This represents a scenario, where the emission limit must be met, but the UE output power is not necessarily limited to 15 dBm.
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Figure 3: PA backoff from 23 dBm.
It is visible from the results, that some A-MPR (~3 dB) is required to meet -32 dBm/27 MHz OOBE even for the cases where the E-UTRA carrier is not at the lowest position on Band 11.
For the carriers at the lowest positions, if output power is limited to 15 dBm, about 9 or 10 RBs could be transmitted anywhere within the channel. Larger allocations require backoff higher than 8 dB, so are limited to output powers below 15 dBm.

The above results in Figure 3 represent a situation, where the PA operating point is at the nominal maximum for Power Class 3, i.e. 23 dBm, and the UE applies additional input backoff to mitigate the OOBE as much as possible. This power control strategy has a high current consumption, as Average Power Tracking (APT) or Envelope Tracking are not in use. In theory, when increasing the input backoff but maintaining the same PA operating voltages, the 3rd order intermodulation products are suppressed by 3 dB when the backoff is increased by 1 dB.

Another power control strategy is to use APT when the output power is lower than 23 dBm; this effectively lowers the PA current consumption but also does not preserve the maximum linearity. It is not straightforward to estimate the effect on unwanted emissions e.g. 3rd order intermodulation, but since the ACLR requirements must be met at all output power levels, the adjacent channel emissions will have to be suppressed by at least 1 dB when the output power is lowered by 1 dB. Assuming such 1:1 dB relation, we have simulated the OOBE for the case where the UE applies APT to limit to 15 dBm output power, and additional input backoff is applied to reach the OOBE limit, should the APT strategy fail to reach it.
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Figure 4: PA backoff from 15 dBm in case of APT for the PA. 
Again, some further backoff is needed for many RB allocations, but it can be estimated that there are about 10-12 RB allocations available to be transmitted at 15 dBm under APT power control scheme (the “up to 1 dB” results can be largely ignored in Figure 4 since they represent the normal “1 dB MPR from 23 dBm”, and may not be necessary as the output power is quite low). While the APT functionality is up to UE implementation, these results show that for the majority of cases where no A-MPR is needed from 23 dBm to reach the OOBE limit, actually the UE would be able to use APT when limited to 15 dBm output power and thereby maintain good power efficiency.
2.2
Simulation results for category M1
The proposal in [2] included configuring the lowest part of Band 11 for eMTC use, in order to increase the guard band for the wider carriers.

The 1.4 MHz eMTC uplink was simulated in the carrier position fc = 1428.6 MHz, i.e. at the lowest possible position on Band 11, with up to 8 dB PA backoff from the nominal 23 dBm (Power Class 3):
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Figure 5: eMTC Power Class 3 uplink spectrum emissions at the lowest Band 11 carrier position
With an output power 15.9 dBm, the out-of-band emissions on the EESS band reach up to -35 dBm/27 MHz, therefore passing the limit with some margin. With Power Class 5, at 15 dBm output power, the PA is operating at a more non-linear region, and the simulation results in a total of -33 dBm/27 MHz emission level, still passing the limit. Therefore an eMTC carrier could be placed at the lowest position on Band 11.
To achieve higher than 15 dBm output power at the lowest carrier position, a more detailed A-MPR study will be needed.
2.3
Simulation results for category NB1
Unfortunately, results could not be submitted in time for NB-IoT devices.
3
Summary

The document presented PA backoff simulation results for Band 11 uplink transmission scenarios, where the EESS band at 1400-1427 MHz needs to be protected at -32 dBm/27 MHz out-of-band emission limit. Results were presented for 5 and 10 MHz channel bandwidths at two different center frequencies each, and for 1.4 MHz eMTC carrier at the lowest position on Band 11.
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