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1.  Introduction

A WI for enhanced License Assisted Access has been agreed in RAN plenary [1]. RAN1 is already discussing some waveforms for the UL signal and is proposing a Multi-Cluster uplink signal (MC>2) with a larger number of clusters. However, Multi-Cluster transmissions result in quite high peaks in the spectrum. This paper shows the resulting spectral issues.
2.  Discussion

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 multiple (MC>2) clusters across the channel bandwidth. For simplicity in this paper 8 single RB clusters are used.

Figure 1 shows the spectrum of a normal LTE 20 signal with a PA that just fulfills the ACLR requirement of 30dB at full power with 1dB MPR, i.e. 22dBm. The RBW is 100kHz.
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Figure 1: Output spectrum of an LTE 20 signal

The red signal shows the input signal to the PA and the blue curve is the output signal. We can see that the ACLR is 30dB and we see a marker showing a value of -42dBm at about 20MHz offset from the signal edge. 
Figure 2 shows the same PA output signal with 8 single RB clusters spread equidistantly across the channel bandwidth similar to what is proposed in RAN1. 
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Figure 2: Output spectrum of a Multi-Cluster signal with 8 single RB clusters

Also here the red signal shows the input signal to the PA and the blue curve is the output signal. The RBW is again 100 kHz. We can see that the ACLR is now reduced to 25.4dB and we see the marker now showing a value of -32dBm at about 20MHz offset from the signal edge. So the result is a failure for ACLR by 4.6dB and the spectral peak generated by the waveform is now 10dB higher than it was before.
Observation 1: A Multi-Cluster signal with eight single RB clusters can degrade the ACLR performance by 4.6dB and results in spectral peaks that are about 10dB higher than a LTE20 signal

If the spectral peaks are really a problem needs to be checked with the emissions requirements for LAA uplink that still need to be defined in 3GPP. However, 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. Additionally the usual LTE SEM and ACLR needs to be fulfilled. After the all emissions requirements are clarified, there need to be simulations showing how much MPR is needed to fulfill these.
Observation 2: The emissions requirements consisting of regulatory requirements and usual LTE SEM+ACLR need to be specified first to determine if the Multi-Cluster signal violates the emissions requirements

Observation 3: Most likely a Multi-Cluster signal with multiple single RB clusters will violate the emissions requirements due to the spectral peaks that are higher than the spectrum of a LTE20 signal

Observation 4: Once the emissions requirements are specified, MPR simulations are needed to find the output power level for which the MC signal doesn’t violate the emissions requirements

In this case an MPR of 3dB (20dBm) is required to at least fulfill the ACLR requirement. But the peak at 20MHz offset is still 7dB higher compared to the LTE20 signal. So may be for emissions masks more MPR is required.
3.  Conclusion

In this contribution the Properties of the Multi-Cluster transmissions discussed in RAN1 have been shown. The following is observed:

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

Observation 2: The emissions requirements consisting of regulatory requirements and usual LTE SEM+ACLR need to be specified first to determine if the Multi-Cluster signal violates the emissions requirements

Observation 3: Most likely a Multi-Cluster signal with multiple single RB clusters will violate the emissions requirements due to the spectral peaks that are higher than the spectrum of a LTE20 signal

Observation 4: Once the emissions requirements are specified, MPR simulations are needed to find the output power level for which the MC signal doesn’t violate the emissions requirements
All companies are encouraged to study this to the next meeting and discuss this with their RAN1 delegates. We may need to send an LS to RAN1 in the next meeting.

4. Reference
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