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1 Background

A working assumption for the specification of in-band emissions requirements for eLAA is discussed in [1]. Following this, the in-band emissions mask and the IQ image should be verified with the PUSCH transmission indicated by RIV = 1 in the UL signaling grant (1 RB width with RBSTART = 1), while the LO leakage is verified with the RIV = 5 (1 RB width with RBSTART = 5) that is not allocated at the central RB usually coinciding with the LO for single-CC transmissions. The in-band mask should follow the proposal in [2] shown in Figure 1; this is essentially a sum of ten legacy masks for 1 RB transmissions.
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Figure 1: working assumption for the in-band mask for PUSCH with RIV = 1.
In this contribution we propose an in-band mask based on simulations with a 2 GHz PA calibrated for the same nominal output power (+23 dBm) at the antenna port as that agreed for Band 46. It is recognised that the operating frequency is significantly different. The simulations are based on a PA configured for UTRA_ACLR1 = 33 dBc (and EUTRA_ACLR1 = 30 dBc) at +23 dBm output power with IQ image = 25 dB and an LO suppression of 25 dBc. The bandwidth is always 20 MHz with resource allocations in accordance with 36.213 clause 8.1.4. 

Figure 2 shows the output from the 2 GHz PA (before FFT) at the antenna port for RIV = 0 and QPSK modulationillustrating the spectral behaviour; an IQ image appears at RB#99 for the 20 MHz bandwidth (for RIV = 1 the correspodning image would appear at RB#98).
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Figure 2: output from the PA for RIV = 0 as measured at the antenna port

Figure 3 shows a triple-beat type of measurement (before FFT) with the central PRB not allocated illustrating an intermodulation product falling at the central RB position; the LO has been removed from the simulation not to conceal the result. The output power for the results in Figure 2 and Figure 3 is 20 dBm (10 dBm/MHz power density as required in several regions).
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Figure 3: triple-beat type measurement with QPSK

2 Simulated in-band emissions
2.1 In-band mask and IQ image
Figure 4 and Figure 5 show the in-band emissions resulting after FFT for RIV = 1 and QPSK and 64QAM modulation, respectively. The output power is set at +21 dBm, MPR = 2 dB as needed for meeting the ACLR and the general SEM requirements. The EVM of the allocated resource blocks for the 64QAM waveform is less than 8%. IQ images appear at a 2 RB offset from the allocated RBs. A requirement would be set on IQ image appearing at RB#98 (25 dB assumed in the simulations). We observe that there is virtually no difference between the QPSK and 64QAM results, which suggests an in-band mask that is not depending on the modulation (at least for up to 64QAM modulation.
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Figure 4: in-band emissions for RIV = 1 and QPSK modulation.
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Figure 5: in-band emissions for RIV = 1 and 64QAM modulation.

A detailed plot of the emissions in between two allocated resource blocks is shown in Figure 6.
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Figure 6: detailed plot of emissions in between two allocated RBs.
The result in Figure 6 indicates that the mask 
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suggested in [1] as an upper-bounded approximation of the proposal in [2] (see also Figure 1) is too tight close-in to the allocated RB for RIV = 1. The actual emissions are not completely symmetrical due to the position of the IQ images in relation to the allocated RBs. Nevertheless, the following symmetrical mask would still work for the result in Figure 6

(2.1)
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which is also independent of the modulation. Using the mask (2.1) the requirement for RB = 5 is slighlty tighter than that shown in Figure 1 but more relaxed close-in to the allocated RBs. The use of this mask for 256QAM would be FFS.
The IQ image requirement would be verified at RB#98. A detailed plot of the emissions near RB#98 is shown in Figure 7. This image is slighly separated in frequency from intermodulation products of allocated RBs (the reason for selecting RIV = 1 for verification of the IQ image).
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Figure 7: detailed plot of emissions near RB#98 where the IQ image is verified.
2.2 LO leakage

Figure 8 shows the in-band emissions resulting after FFT for RIV = 5 for QPSK, 16QAM and 64QAM modulation. The output power is set at +21 dBm just as for RIV = 1. The LO image is measure at the central RBs that are not allocated.
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Figure 5: in-band emissions for RIV = 5.
3 Proposal
It is proposed to adopt the following in-band mask for PUSCH transmissions with RIV = 1 for QPSK, 16QAM and 64QAM modulation and for the 20 MHz bandwidth
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where  RB ≤ 5 denotes the offset from the allocated resource blocks. The in-band emissions would only be verified for the 20 MHz bandwidth. Requirements for 256QAM and the 10 MHz bandwidth are FFS.
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