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1 Background

Because of the flexible bandwidth nature of LTE and the range of bandwidths supported, it is a challenge to specify unwanted emission limits, especially the Out-of-band (OOB) limits close to the carrier. In recent RAN4 meetings, there was a broad discussion on different alternatives for specifying OOB limits. Among the different options discussed are
· A “Classic” ACLR measure, similar to what is specified for UTRA. The OOB emissions are measured with the same measurement bandwidth as the carrier. 

· A spectrum mask defined in a way similar to the UTRA mask, defined with a high granularity.

· A new measure called ASSL (Adjacent Subcarrier Set Leakage ratio) that defines OOB emissions measured with the resource block bandwidth of 375 kHz. ASSL can either relate the power in an adjacent resource block to the total power transmitted or to the mean power over transmitted resource blocks (transmitted power density).
In the discussions, some related statements have been in focus, some accepted as “truths” by default:

· The OOB emissions have to be within the legacy UTRA spectrum mask.

· The limits according to FCC [1] are fundamental and should be part of the OOB limits.

· OOB limits should be specified out to 250% of the necessary bandwidth (“the spurious domain”) while emissions outside of that are spurious emissions.
This contribution discusses the accepted “truths” and relates them to the options brought up, trying to break some new ground in the ongoing discussions on OOB limits.
2 Discussion

2.1 Compatibility and the legacy spectrum mask
The spectrum masks for UE and BS was developed for UTRA specifications based on input from vendors, regulators and operators. TS 25.942 [2] describes how the BS mask is derived from some implementation considerations, the FCC limits [2] and the ACLR limits that were determined through in-band co-existence simulations. The UE mask was derived in a similar way.
This does not give the mask a status as a fixed limit that by default must also be the minimum for LTE. However, as was shown in [3], the UTRA masks were used in many studies to show compatibility with other services. The most important of these concern services in adjacent bands where ERC report 65 [4] is one example. These studies form the basis for licensing conditions in many countries. There are also studies of co-existence in the operating band such as ECC Report 082 [5] (based on 3GPP studies in TR 25.816), where the mask was used to estimate emissions to narrowband services such as GSM. 
The conclusion must be that we can define a new mask or any new measure, as long as we respect the regulatory limits and the studies that have been done by e.g. ERC/ECC. We should also liaise with relevant regulatory bodies. The freedom of specifying OOB actually varies with the frequency:
· When the OOB domain goes outside the operating band, we need to be extra careful in respecting compatibility with adjacent band services. These issues are at the focus of regulators, since any new or modified service must show compatibility with legacy adjacent band services.

· For OOB emissions inside the operating band, we are freer to define the limits. Co-existence studies are here carried out fully within 3GPP. Still, we need to show regulators that LTE can co-exist with existing mobile services in the band (such as GSM and UTRA), but this being an intra-service issue, regulators tend to have less concerns. This is natural since it very much becomes an issue between different parties within 3GPP and the 3G community.

This opens up the possibility to have different OOB limits inside and outside the band, especially for the BS where also the implementation of front-end filtering can be consistent with stricter limits adjacent to the operating band. 

2.2 The limit between OOB and spurious domain

One topic for discussions has been the limit between OOB and spurious emissions, which is in ITU regulation is set to 250% of the necessary bandwidth [3]. For a 5 MHz UTRA carrier at the band edge, this means that the spurious domain starts 10 MHz outside the band edge. At least for the base station, it would be wise not to change the limits outside of that 10 MHz region, even for LTE carriers wider than 5 MHz. For the UE this is more difficult. We need to take great care in respecting the existing compatibility studies for adjacent bands listed in [3] and should liaise with regulators.
Inside the operating band, we are again freer to define limits. It is difficult to have a specification where there are OOB and spurious limits over frequency ranges that vary with the configured bandwidth of the BS (or UE). We could avoid that by specifying a unified unwanted emission limit across the whole operating band, thereby ignoring the difference between OOB and spurious limits. We just have to ensure co-existence in the band and that the implicit recommended spurious limits are respected.
2.3 ACLR, ASSL or mask?
When picking the right way to define OOB limits, we have to make sure some criteria are fulfilled. For the different possible configurations (bandwidths, carrier combinations, resource block (RB) allocations) of a BS or UE we must

1. Ensure co-existence with other wideband services in the band (UTRA and E-UTRA)

2. Ensure co-existence with possible narrowband services in the band (e.g. GSM)

3. Ensure adjacent band compatibility, in line with compatibility studies such as report 65 [4].
As said before, we have more freedom with the two first points. Looking at the different options, some remarks can be made:
· A “classic” ACLR measure, measured in the same BW as the carrier has its advantages, especially since the wider band measurement averages out variations in RB power allocations which is important for point 1 above. It does however not solve point 1 (considering different bandwidth allocations) and point 2 in a satisfactory way and can therefore not be the only measure.
· A spectrum emission mask or ASSL measure with sufficient granularity (and small measurement BW) solves point 1 and 2 above, but it is difficult to define in a strict way and still handle the variations in OOB emissions that can occur with variations in RB power allocations.

· A spectrum emission mask and an ASSL measure related to carrier power are equivalent, if a sufficiently small measurement BW is chosen for both. ASSL based on a resource block size of 375 kHz could be used for GSM co-existence studies, if the OOB emission in 200 kHz channels is interpolated from the 375 kHz mask defined by the ASSL.

· The FCC limits [1] should be fairly easy to incorporate since it is based on a fixed level of ‑13 dBm. It is defined outside the operators license block and must therefore apply both inside and outside the operating band.  It may be difficult to avoid a special “FCC column” in the OOB limits as we have for UTRA today, since the limits in the first MHz vary with carrier bandwidth. 
Overall, it seems difficult to pick a single OOB measure and meet the requirements implied by all of 1, 2 and 3 above.

3 Conclusion
The discussion above gives some new viewpoints on OOB limits and how they can be defined:
· The legacy spectrum mask can to some extent be disregarded, if we define limits that carefully respect the results of compatibility studies made by regulators.

· We should be freer to define limits inside the operating band, but again be more careful regarding compatibility with adjacent bands. 
· OOB limits can be different inside and outside the band, if it is consistent with implementation.
· If we find problems defining a limit between the OOB and spurious domain for a variable bandwidth system, we can avoid that problem by having “unified unwanted emission limits”.
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