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1.  Introduction

A WI for enhanced License Assisted Access (eLAA) has been agreed in RAN plenary [1]. RAN1 has discussed some waveforms for the UL signal and is proposing a Multi-Cluster uplink signal with 10 single RB clusters. However, Multi-Cluster transmissions result in quite high peaks in the spectrum. Therefore RAN1 sent an LS [3] asking about the performance of equidistant multi-cluster transmissions. This paper shows the resulting spectra and gives a recommendation.
2.  Simulation results
There are some challenging system requirements for LAA UL transmissions. One of these is the limit for the power spectral density that is existent in some regulatory requirements, for example in Europe. Contrary to this LTE usually scales the number of resource blocks to get a higher power spectral density for better coverage, i.e. the number of RBs is reduced at the cell edge to be able to still reach the base station. To overcome this issue RAN1 discusses to use Multi-Cluster transmissions with a single RB per cluster and with 10 clusters across the channel bandwidth. This paper uses exactly the equidistant waveform proposed by RAN1 to check the performance.
While previously lower frequency PAs have been used to model the PA, this simulation uses a model of a 5GHz PA.
Figure 1 shows the spectrum of a normal LTE 20 signal with the 5GHz PA that is scaled to just fulfill the E-UTRA ACLR requirement of 30dB and the UTRA-ACLR1 at 33dB at full power with 1dB MPR, i.e. 22dBm as a reference. The RBW is 100kHz.
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Figure 1: Output spectrum of an LTE 20 signal

The pink curve shows the output spectrum of the PA. We can see that the E-UTRA ACLR is 30dB and the UTRA-ACLR1 is 33.8dB, so in this case the E-UTRA ACLR is the limiting value. Since there is no UTRA signal at the LAA frequencies we do not need to consider it further in the upcoming simulations. The output power within a 1MHz bandwidth somewhere inside the signal bandwidth shows that the limit of 10dBm/MHz power spectral density is fulfilled.
Figure 2 shows the output signal of the same PA with the proposed 10 clusters spread equidistantly across the channel bandwidth according to what is proposed in RAN1. 
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Figure 2: Output spectrum of a Multi-Cluster signal with 10 equidistant single RB clusters

It can be seen that although the input power of the PA is the same, the output power is smaller by 0.35dB. That may be due to the different PAPR of this signal. The RBW is again 100 kHz. We can see that the ACLR is now reduced to 25.4dB. So the result is a failure for ACLR by 4.6dB and power reduction will be required to fulfill ACLR. The spectral peaks generated by the waveform are now approximately 10dB higher than the spectrum of the full allocation signal.

Observation 1: A Multi-Cluster signal with 10 equidistant single RB clusters degrades the ACLR performance by 4.6dB and results in spectral peaks that are about 10dB higher than a LTE20 signal

There are regulatory emissions requirements that need to be fulfilled. Part of these are the usual out-of-band emissions of -30dBm/1MHz and the spectral emissions mask of Wi-Fi, which are part of the regulations in Europe. Figure 2 also shows the Wi-Fi emissions mask and shows that this requirement is just fulfilled. But due to the ACLR fail there needs to be some MPR anyway. This is also needed to fulfill the 10dBm/MHz PSD limit, since this is also exceeded by approximately 2 dB.

Observation 2: To fulfill the ACLR and regulatory requirements with 10 equidistant single RB clusters power reduction needs to be specified.
Figure 3 shows the output spectrum of a Multi-Cluster signal with 10 equidistant single RB clusters with 3dB of MPR (Pout=20dBm).
[image: image3.emf]5.2185.2205.2225.2245.2265.2285.2305.2325.2345.2365.2385.2405.2425.2445.2465.2485.2505.2525.2545.2565.2585.2605.2625.2645.266 5.216 5.268

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

-60

15

freq, GHz

d

B

m

(

S

6

)

Readout

m1

m1

freq=

dBm(S6)=7.735891

5.246500GHz

TX_PWR1

19.940

ACLR1

30.328

ACLR_UTRA1

34.134

Level_1MHz_BW

10.265


Figure 3: Output spectrum of a Multi-Cluster signal with 10 equidistant single RB clusters @20dBm
Figure 3 shows the output signal with 20dBm. The RBW is again 100 kHz. We can see that the ACLR is now exceeding the required 30dB. The spectral peaks generated by the waveform are now approximately about 5dB higher than the spectrum of the full allocation signal.

Observation 3: A Multi-Cluster signal with 10 equidistant single RB clusters passes the ACLR requirement when the output power is reduced to 20dBm (3dB MPR)

Figure 3 also shows that the Wi-Fi emissions mask is now fulfilled with some margin. The 10dBm/MHz PSD limit is just failed by 0.26dB, this may be due to simulation artefacts that the power level of the RBs is not exactly identical due to the limited simulation time. At least with a very small additional power reduction this would also be a pass.
3.  Conclusion

In this contribution the properties of the Multi-Cluster transmissions according to the RAN1 proposals have been shown. The following is observed:

Observation 1: A Multi-Cluster signal with 10 equidistant single RB clusters degrades the ACLR performance by 4.6dB and results in spectral peaks that are about 10dB higher than a LTE20 signal

Observation 2: To fulfill the ACLR and regulatory requirements with 10 equidistant single RB clusters power reduction needs to be specified.

Observation 3: A Multi-Cluster signal with 10 equidistant single RB clusters passes the ACLR requirement when the output power is reduced to 20dBm (3dB MPR)

Recommendation: 10 equidistant Multi-Cluster single RB clusters for eLAA PUSCH seem to perform reasonable with 3dB power reduction although there are high spectral peaks.
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