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1 Background
A spectrum mask proposal was made at RAN4#42 [1] and a number of principles were then agreed and merged into the LTE UE report TR 36.803 [3]:
· The SEM has a reference bandwidth of 100 kHz

· The SEM limit should be set to allow some variations due to varying power allocation between resource blocks.
· A separate mask is defined for each RF bandwidth and across the OOB domain for that bandwidth, i.e. up to a point at 250% of the necessary bandwidth (=RF bandwidth).

In a further contribution to RAN4#42bis [2], spectrum emission plots for an example RF implementation are shown for RF bandwidths of 5, 10 and 20 MHz. A discussion on the ACLR limits is made in [2] based on those results.
This paper makes further analysis of the spectrum emission plots in [2] and how the SEM can be defined in a suitable way. Important points for consideration are

· Alignment with the tentatively agreed [3] and proposed ACLR requirements [2].
· Alignment with the legacy UTRA spectrum mask as far as possible.
· Accommodation of different possible implementations of the UE RF

Some considerations are made in this paper on how limits for a UE SEM can be drafted and what components are needed when considering the points above. An explicit proposal of SEM limits is not made.
2 UE mask considerations
The UE spectrum emissions depend strongly on the RF bandwidth of LTE. Spectrum plots are shown and analysed for 5, 10 and 20 MHz below. As expected, the legacy mask has a much better fit for a 5 MHz LTE carrier than for 10 or 20 MHz. For this reason, deviations from the legacy mask will most likely be necessary for those wider RF bandwidths.
2.1 SEM for a 5 MHz RF carrier bandwidth

Figure 1 shows the spectrum emissions for an LTE carrier with 5 MHz RF bandwidth. The emission plot is identical to the one shown in [2]. The solid purple line is using the full bandwidth, whereas the others use 1, 4, and 13 RBs, all allocated at the upper band edge. The spectrum emissions are plotted as an absolute PSD in dBm/30 kHz, but the axis to the right illustrates the corresponding relative SEM in dBc/100 kHz assuming a 24 dBm UE.
As noted in [2], it seems feasible to meet the legacy WCDMA mask (dashed gray line) also for a 5 MHz LTE system. The mask can accommodate all different resource allocation illustrated here, including the peak at 6.5 MHz for the 1 RB allocation. The shape of the mask is also fairly well aligned with the spectrum emissions shown.

An ACLR2 limit (towards LTE) is proposed in [2]. The proposed limit is -43 dBc/4.5 MHz, which corresponds to ‑59.5 dBc/100 kHz here. It can be seen in Figure 1 that the ACLR2 level corresponds well to the lowest flat part of the legacy WCDMA SEM from 8.5 to 12.5 MHz.
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Figure 1 Spectrum mask principle for LTE with 5 MHz RF bandwidth 
(NOTE: This is not a proposal for SEM limits.)

2.2 SEM for a 10 MHz RF carrier bandwidth

Figure 2 shows the spectrum emissions for an LTE carrier with 10 MHz RF bandwidth. The emission plot is identical to the one shown in [2]. The solid green line is using the full bandwidth, while the blue is for a single RB allocated at the upper band edge. Also here, both the absolute PSD and the relative SEM axes are shown.

For the full RB allocation, the legacy WCDMA mask is feasible at least up to 5 MHz out from the band edge. Beyond that point the legacy mask does not seem feasible for a 10 MHz LTE system. A proposed LTE mask is illustrated in Figure 2, continuing to track the slope of the spectrum emissions further out from the carrier. It drops to a flat level to the far right corresponding to the ACLR2 level proposed in [2] of ‑43 dBc/9 MHz, which corresponds to ‑62.5 dBc/100 kHz.
For the single RB allocation shown in Figure 2, there is a peak in the emissions at 13 MHz from the carrier centre. As explained in [2], the mechanism behind this peak is the IQ mismatch in a direct up-conversion IQ modulator topology, that uses a fixed LO frequency in the centre of the band. It creates a harmonic product between the image and the wanted signal that will show up in the emitted spectrum after the PA. The position of the peak will depend on where the single RB is allocated, but the level is quite independent of the position. It is expected that the peak can be several dB higher than the more wideband emissions from wider RB allocations, as shown in Figure 2.
Since the peak emission from narrow RB allocations is narrow in itself and its position will vary between UEs depending on allocation, it can be handled as an exception limit to the mask. The exception could be a fixed limit at a level higher than the LTE mask as shown in Figure 2. A UE would then be allowed to exceed the exception limit over a certain bandwidth of e.g. 4-600 kHz, corresponding to 2-3 resource blocks.
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Figure 2 Spectrum mask principle for LTE with 10 MHz RF bandwidth 
(NOTE: This is not a proposal for SEM limits.)
2.3 SEM for a 20 MHz RF carrier bandwidth

Figure 3shows the spectrum emissions for an LTE carrier with 20 MHz RF bandwidth. The emission plot is identical to the one shown in [2]. The solid green line is using the full bandwidth, while the blue is for a single RB allocated at the upper band edge. Both the absolute PSD and the relative SEM axes are shown.

For the full RB allocation, the legacy WCDMA mask is also here feasible at least up to 5 MHz out from the band edge. Beyond that point the legacy mask does not seem feasible for a 20 MHz LTE system. A proposed LTE mask is illustrated in Figure 3, tracking the shape of the spectrum emissions further out from the carrier. It drops to a flat level to the far right corresponding to the ACLR2 level proposed in [2] of ‑43 dBc/18 MHz, which corresponds to ‑65.5 dBc/100 kHz.

For the single RB allocation shown in Figure 1, there is also here a peak in the spectrum emissions (at 27 MHz) due to the harmonic product of the wanted signal and its image. The level is 8-9 dB above the emissions for the wider band emissions of the full resource block allocations. The position of the peak within the adjacent channel will depend on where the single RB is allocated, as for the 10 MHz case.
Similar to the discussion for the 10 MHz RF bandwidth, the peak emission from the narrow RB allocations can be managed with a fixed exception limit to the mask in the first adjacent channel, as shown in Figure 3. 
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Figure 3 Spectrum mask principle for LTE with 20 MHz RF bandwidth 
(NOTE: This is not a proposal for SEM limits.)
3 Conclusions

The spectrum emissions from LTE carriers with 5, 10 and 20 MHz RF bandwidth were analysed in this paper. Based on the principles agreed for SEM in TR 36.803 [3] and the spectrum mask plots for the example implementation in [2], the following points are proposed for further consideration when developing the LTE UE Spectrum Emissions Mask:
1. It seems feasible to meet the legacy WCDMA mask for a 5 MHz LTE carrier.

2. For LTE carriers with 10 and 20 MHz RF bandwidth, the legacy WCDMA mask can be met in the first 5 MHz outside the band edge. Beyond that point, the mask needs to be adapted to the expected UE spectrum emissions.
3. For carriers with a very small RB allocation, there may be harmonic products giving peaks in the spectrum emissions within the first adjacent channel. For 10 and 20 MHz RF bandwidths, these can be handled by “exceptions” to the SEM in the first adjacent channel that are only allowed to cover a small frequency range of 2-3 RBs.

4. In the second adjacent channel, the SEM can be set to a minimum level corresponding to the ACLR2 limit towards LTE. 
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