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1 Introduction
In RAN4#73, the interferer power level to be applied in Transmitter intermodulation testing was discussed [1]. The discussion was mainly on whether the interfering signal power level should equal the total transmitter power emitted – 30 dB or whether the interfering signal level should equal the level of one of the transmitted carriers in the case of multiple carriers being transmitted.
With this contribution, the scenario providing the rational for the requirement is revisited and the implications of the nature of the interfering signal is discussed.
.
2 Discussion
The problem of modelling the interference effects due to co-location is discussed in [2]. In clause 4.5, the case of co-located BS is initially discussed. There is no reported result in clause 8 where simulation results are quoted, but it can be noted that the transmitter intermodulation interference signal test level in [3] is 30 dB below the transmitted carrier (originally only single carrier transmitters were considered), which coincides with the antenna to antenna isolation figure for macro BS stated in [2] clause 10.1.
The resulting requirement is thus consistent with the following co-location model scenario: 
Two co-located BS are intended to cover the same type of area, and have therefore the same power capability (per carrier). The isolation between the two BS is 30 dB and therefore the transmitter intermodulation test scenario is to endure an interfering signal 30 dB below the own rated output power during transmission of an own signal at maximum output power.

With the introduction of E-UTRA, the interfering signal decided to be 5 MHz BW whereas the wanted signal is set to be the maximum carrier BW the BS is capable of. This is inconsistent with the co-location scenario above, since to cover a similar area (assuming same site configuration) the carriers should have had the same power spectral density rather than the same carrier power. The rational for this does not seem to be captured.
With the introduction of carrier aggregation, the wanted signal was potentially further widened to “E-UTRA single carrier, or multi-carrier, or multiple contiguously aggregated carriers”. This is potentially departing from the model suggested above further. E.g. if the wanted signal is aggregated 50 MHz, the interfering signal is 5 MHz and both have the same composite power, the interferer carrier would cover approximately twice the range covered by the wanted signal (i.e.4 times the area).
A wide difference in bandwidth between the wanted signal and the interfering signal does not only represent a departure from an assumed scenario model, but has other implications related to the mechanisms of intermodulation:
When two signals pass a medium with a nonlinear amplitude response, a set of intermodulation products will be the result. The third order intermodulation products are related to cubic amplitude response, and the IM product spectra can be described as one of the incoming signal spectra convolved with itself and thereafter convolved with the other incoming signal spectrum. The fifth order intermodulation products are related to amplitude response to the power of 5, and combinations of 5 convolutions correspondingly.

It follows that the intermodulation products emanating from two wide spectra will be distributed over a wider spectrum than the intermodulation products from narrower spectra. If a fixed nonlinear behaviour is assumed, the power spectral density of intermodulation products from two wide spectrum signals will be lower than the power spectral density of the intermodulation products of two narrower spectrum signals of the same carrier power.
Thus, the band width of the interfering signal in the Transmit intermodulation requirement may impact the severity of the test.

For very wide band devices, concentrating all the interfering power to 5 MHz may represent substantial increase in the severity of the test, and therefore it would seem proper to provide clear rational for it, by e.g. identifying deployment scenarios where the more strict requirement may be relevant. (E.g. a 100 MHz BW device may experience a 13 dB increase of the power spectral density in the intermodulation products due to this concentration – compared to the use of a 100 MHz BW interferer.)
It can be noted that if the wanted signal carrier power minus 30 dB is applied as the interferer (instead of total power), the spectral density in the intermodulation products corresponds to the wide band interferer case, but with the narrow band interferer spectrum distribution. This could make it possible to identify insufficiently linear devices though observation in just a small number of frequencies. Hence the fixed nonlinearity assumption may be the reason for the per carrier power reference for the interferer level calculation suggested in the current specifications.
The assumption that the nonlinear behaviour is fixed is not applicable to all devices (strictly speaking to no devices, but it applies essentially to some devices). In particular, devices with active linearization can exhibit signal adaptive behaviour so as to compensate for the type of interferer. Depending on the bandwidth of the linearization, the concentration of the interferer power currently used may represent a relaxation of the Transmit intermodulation test, compared to a wide band interferer with the same carrier power.
It is therefore difficult to identify a severity direction with regard to the interferer BW used in the Transmit intermodulation requirement. Some speculation on the impact of different device types are bulleted below as inspiration to discussion.
· Wide band low power devices (with carrier power restricted to a small fraction of the total power) are likely to be disadvantaged by the current Transmit intermodulation requirements (leading to lower power efficiency and higher cost of the devices). (The power consumption of wide band linearization is likely to consume more power than the potential saving in this case.)

· Medium band width medium power devices are likely to benefit from the current Transmit intermodulation requirement (since the linearization can be assumed but the band width may be limited by the power efficiency requirement of the device).
The impact of changing the bandwidth of the interferer signal comprises more concerns than discussed above. E.g. :

· The practical implications of how to fit the test signal in the operating band during the test.
· The impact of a change in the requirement on legacy equipment conformance

It is however clear from the above that the current LTE Transmit intermodulation requirement may represent different severity on different device types, and that the current discussion on the topic regarding the interpretation of current ambiguities in the specification could benefit from widening the discussion and revisiting the rational for the requirement.
Revisiting the co-location scenario model above, it is suggested to discuss the following changes to the test:

· The BS maximum rated carrier power spectral density shall be used in the test. 

· The carriers shall have equal power spectral density and the total power shall add up to the rated total power (for this configuration). 

· The interfering signal is the same as the wanted signal, but with 30 dB reduced power level.
This would represent the most severe but reasonable scenario for small wide band devices. It would represent a reasonable scenario for other BS types. It is also likely that legacy equipment conforms to this requirement.

It can be noted that the above suggestion refers the calculated interferer power to the rated power rather than any other power description. The rated power is the power declared by the manufacturer and will always be well defined in terms of level. It will also always be the ground for other tests, and therefore it is suitable also in this case.
3 Conclusion
· The current Transmit intermodulation requirement may disadvantage some device types and may represent a relaxed requirements for other.
· Both the carrier power and the bandwidth of the interfering signal impacts the severity of the requirement.

· It is suggested to revisit the requirement using a scenario model.

· A scenario model to be used when evaluating the requirement is suggested.

· Further discussions are needed.
· Referencing the rated power for calculating the interferer level is preferred to other power references.
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