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1
Introduction
RAN4#80 agreed on the Way Forward for eLAA MPR simulations in [1]:

· Agreements
· Max output power = [20] dBm (for purpose of MPR simulations)
· Further investigation to evaluate compliance with PSD limit
· ACLR1 = 30 dB
· General SEM:  [Reuse LTE general SEM] (for purpose of MPR simulations)
· Spurious emissions:  Reuse LTE spurious emissions
· Extend upper frequency range to 26 GHz (per ITU-R SM.329)
· EVM: Reuse LTE EVM
· To be studied for next meeting
· MPR for general emission requirements
· May not reflect in-band emission depending on agreement of the requirement
· QPSK, 16QAM, 64QAM initially, 256QAM to be addressed later
· Additional spurious emissions
· To include ETSI SEM, other regional SEM, ACLR2=40dB
· A-MPR for additional spurious emissions
This document presents simulation results for the interlaced uplink transmission, considering the above simulation assumptions.
2
Discussion

The general TX chain parameters for the simulation were set as follows:

· 25 dB IQ image and LO suppression

· 60 dB CIM3 suppression

· 4 dB post-PA losses

We used three different PA models:
· The “New Radio PA model below 6 GHz” [2], but with PA output power scaled to 25 dBm when using 100RB QPSK LTE signal at 30 dB E-UTRA ACLR (i.e. 1 dB less output power than the polynomial). Using the 4 dB post-PA losses, this PA can output 21 dBm at the antenna connector under normal LTE performance requirements.

· A CMOS PA model with CW saturation output power of 27 dBm. With the 100RB QPSK LTE signal at 30 dB E-UTRA ACLR, the antenna connector power is about 20.3 dBm.

· A model based on a measured Band 1 LTE PA, but with gain normalized to output 24 dBm while meeting the 30 dB E-UTRA ACLR with the 100RB QPSK LTE signal. At the antenna connector, the expected output is 20 dBm.
All the PA models used in simulation fulfil the [20] dBm maximum output power criteria, and could therefore represent a range of different implementations that might be available. The following figure shows the spectrum emissions at the stated maximum output power. LTE SEM and ETSI SEM are also shown. The ETSI SEM [3] is based on the peak power spectral density of all the three signals.
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Figure 1: Calibration of PA models with legacy LTE UL signal.
It can be easily seen from the figure that margin to LTE SEM is quite large with all PA models, about 7-12 dB depending on the frequency offset. Because the output power is 2-3 dB lower than normal power class 3 UE, the LTE SEM is relatively easy to meet.
It is also visible that the shape of the spectral regrowth on the adjacent channel is different, even though the models all produce the same ACLR. Meeting the ETSI SEM depends much on the adjacent channel shape.
In addition to the fully populated channel, 20 different interlaced resource allocations were simulated for each PA model, with QPSK, 16-QAM, and 64-QAM modulations, and the achievable output power was evaluated against these conditions:
1. Baseline LTE requirements, i.e. 30 dB E-UTRA ACLR, LTE SEM and EVM.
2. ETSI SEM requirement (i.e. relative SEM) and LTE EVM, without ACLR requirement.
Some remarks about the simulation results:

· The LTE SEM did not seem to be limiting in any of the baseline simulations. All of the cases were limited by ACLR, with EVM being quite close to the 8% limit in some 64-QAM configurations.

· With the interlaced transmission, the signal PAPR increases, requiring further PA backoff (compared to the full allocation) to meet the ACLR requirement.

· As the ETSI SEM evaluation criteria did not include ACLR, in some cases the achievable output power is increased from the LTE baseline.

· The ETSI SEM, referenced to peak on-channel power spectral density, may be quite different depending on the exact interlace configuration.

The last two bullet points are further illustrated by the following simulation’s spectrum figure:
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Figure 2: Simulations against the ETSI SEM with two different PA models and interlace configurations. Note that on the left hand side, the output power is 21.0 dBm (using baseline LTE requirements only 20.3 dBm was achievable). On the right hand side, 20.6 dBm output was reached (using baseline LTE requirements only 19 dBm was achieved, see complete set of results in section 3).
Looking at the on-channel ETSI SEM reference point (i.e. peak PSD), it can be seen that the mask closely follows the fully populated channel, which seems to be expected for traditional wideband waveforms. With the interlaced transmission, there may be spectral peaks at the 1 MHz measurement bandwidth PSD, as is the case on the right hand side graph, and this effectively relaxes the SEM by about 4 dB.

 Two observations can be drawn from the above material:
Observation 1: If the E-UTRA ACLR is relaxed from 30 dB to e.g. 25 dB, some additional TX output power would be available, while still meeting other baseline LTE requirements.

Observation 2: The ETSI SEM, based on the peak on-channel PSD, warrants some further discussion whether an “average PSD” reference should rather be used instead of the peak PSD, in the A-MPR simulations.
3
Simulation results

In the simulation, we searched the maximum output power achieved under the two sets of conditions:
1. Baseline LTE requirements, i.e. 30 dB E-UTRA ACLR, LTE SEM and EVM.

2. ETSI SEM requirement (i.e. relative SEM) and LTE EVM, without ACLR requirement.

A resolution of 0.5 dB was used in the output power. The results are tabulated into the following table.
Table 1: Output power simulation results. Set 1 requirements refer to baseline LTE, set 2 is the ETSI SEM without separate ACLR requirement. The resolution is 0.5 dB.
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Set 1Set 2Set 1Set 2Set 1Set 2 Set 1Set 2Set 1Set 2Set 1Set 2 Set 1Set 2Set 1Set 2Set 1Set 2

1111111111100 21 18,5 20 21 20 21 20 19 19,5 20 19,5 20 20 19 19,5 19,5 19 19

1111111110 90 20 19 19,5 20 19 20,5 19,5 19 19 20 19 20 19,5 18,5 19 19 18,5 18,5

1111111100 80 20 19 19,5 20,5 19 20,5 19,5 19 19 20 19 20 19,5 19 19 19 18,5 19

1111110000 60 20 19,5 19,5 20,5 19 20,5 19,5 20 19 20 19 20 19,5 19,5 19 20 18,5 20

1111100000 50 20 20 19,5 20,5 19 20,5 19,5 20 19 20 18,5 20 19,5 20 19 20 18,5 20

1111000000 40 20 20 19,5 20,5 19 20,5 19,5 20 19 20 18,5 20 19,5 19,5 19 20 18,5 20

1110000000 30 20 19,5 19,5 20 19 20 19,5 19,5 19 20 19 20 19,5 19,5 19 20 18,5 20

1100000000 20 20 19 19,5 20 19 20 19,5 19 19 19,5 18,5 19,5 19,5 19 19 19,5 18,5 19,5

1000000000 10 20 18,5 19,5 20 19 19,5 19,5 18,5 19 19,5 18,5 19,5 19,5 18,5 19 19,5 18,5 19,5

0100000000 10 20 18,5 19,5 20 19 20 19,5 18,5 19 19,5 19 19,5 19,5 18,5 19 19,5 18,5 19,5

0010000000 10 20 19 19,5 20 19 20 19,5 18,5 19 19,5 19 19,5 19,5 18,5 19 19,5 18,5 19,5

0001000000 10 20 19 19,5 20 19 20 19,5 18,5 19 19,5 19 20 19,5 18,5 19 20 18,5 20

0000100000 10 20 19 19,5 20 19 20 19,5 18,5 19 20 19 20 19,5 18,5 19 19,5 18,5 20

1000010000 20 20 19,5 19,5 20 19 20,5 19,5 18,5 19 20 19 20 19,5 19 19 20 18,5 20

1000001000 20 19,5 20 19 20,5 19 20,5 19 19 18,5 20 18,5 20 19,5 20 18,5 20 18,5 20

1000000100 20 19,5 20 19 20,5 19 20,5 19,5 19,5 19 20 18,5 20 19 20 18,5 20 18,5 20

1000000010 20 19,5 20 19 20 19 20 19,5 19,5 19 20 18,5 20 19,5 19,5 19 20 18,5 20

1000000001 20 20 19,5 19,5 20 19 20 19,5 19 19 20 19 20 19,5 19 19 19,5 19 19,5

1011000010 40 19,5 20 19 20,5 18,5 20,5 19 19,5 18,5 20 18,5 20 19 19,5 18,5 20 18,5 20

1010101010 50 20 19 19,5 20 19 20 19,5 19 19 20 18,5 20 19,5 19 19 20 18,5 20

1000110111 60 20 19,5 19 20 18,5 20,5 19 19 18,5 20 18,5 20 19 19 18,5 19,5 18,5 19

ACLR1=30dB limited

EVM limited, ACLR1>30dB

SEM limited, ACLR1<30dB

EVM limited, ACLR1<30dB

PA2 PA3

QPSK - Maximum Output Power [dBm] 16-QAM - Maximum Output Power [dBm] 64-QAM - Maximum Output Power [dBm]

PA1 PA2 PA3 PA1 PA2 PA3 PA1


Additionally, we checked the E-UTRA ACLR2 for each of the simulated cases, and found that always to be better than 40 dB. This also follows from the ETSI SEM, which limits the alternate adjacent channel PSD to -40 dBr. 
Looking at the simulation results, we propose the following MPR to meet general LTE requirements, under the previously agreed simulation assumptions.
Table 2: Simulated eLAA MPR for [20] dBm Power Class
	Modulation
	MPR (dB)

	QPSK
	≤ 1

	16 QAM
	≤ 1.5

	64 QAM
	≤ 1.5

	256 QAM
	TBD


Provided that an agreement to relax the eLAA ACLR from 30 dB is made, the MPR could be reduced by up to [1] dB. As the base station ACLR was relaxed for LAA DL, we think some relaxation could be considered also for uplink, to facilitate higher output power. Note that the regulatory PSD limit (10 or 11 dBm/MHz) will allow 20 or 21 dBm, even for a single interlace transmission.
Proposal 1: Relax the ACLR requirement from 30 dB to [25] dB, pending on further study by the next meeting. An MPR/A-MPR study similar as for this meeting should be done for the next meeting. The expected outcome is that 20 dBm output power is available at least for interlaced QPSK.
If proposal 1 can not be agreed, we propose to modify the nominal maximum output power to 19 dBm, since none of the interlaced transmissions reach 20 dBm under LTE ACLR requirement.
Proposal 2: If proposal 1 can not be agreed, change the nominal maximum output power for eLAA to 19 dBm, and adopt MPR according to Table 3 (below) for the 19 dBm Power Class. This MPR is sufficient to reach ACLR2 = 40 dB, and no further A-MPR is required to meet that requirement.
To meet the ETSI SEM, some PA models need further PA backoff, mostly due to the shape of the spectral regrowth. Even though some interlace configurations do allow higher PA output power with certain PA models that were used, it is safe to use the backoff values of the worst PA. A reasonable A-MPR for the ETSI SEM is 0.5 dB.
Proposal 3: If proposal 2 is agreed, adopt A-MPR of 0.5 dB when ETSI SEM is used.
4
Summary

This document presented PA backoff simulation results for eLAA uplink, according to the agreed way forward [1].
Based on the study, the following observations and proposals were made:

Observation 1: If the E-UTRA ACLR is relaxed from 30 dB to e.g. 25 dB, some additional TX output power would be available, while still meeting other baseline LTE requirements.

Observation 2: The ETSI SEM, based on the peak on-channel PSD, warrants some further discussion whether an “average PSD” reference should rather be used instead of the peak PSD, in the A-MPR simulations.
Proposal 1: Relax the ACLR requirement from 30 dB to [25] dB, pending on further study by the next meeting. An MPR/A-MPR study similar as for this meeting should be done for the next meeting. The expected outcome is that 20 dBm output power is available at least for interlaced QPSK.
Proposal 2: If proposal 1 can not be agreed, change the nominal maximum output power for eLAA to 19 dBm, and adopt MPR according to Table 3 (below) for the 19 dBm Power Class. This MPR is sufficient to reach ACLR2 = 40 dB, and no further A-MPR is required to meet that requirement.
Table 3: Proposed eLAA MPR for [20] dBm Power Class
	Modulation
	MPR (dB)

	QPSK
	0

	16 QAM
	≤ 0.5

	64 QAM
	≤ 0.5

	256 QAM
	TBD


Proposal 3: If proposal 2 is agreed, adopt A-MPR of 0.5 dB when ETSI SEM is used.
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