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1. Introduction
In this contribution we discuss output power definitions for the MSR BS.
2. General on power definitions

The power definitions used in various 3GPP specifications can roughly be divided into two categories.  In the first category we find definitions that only refer to the properties of a signal (typically at the antenna connector. In the second category we find definitions that refer to a reference condition as well as a pure signal related definition.

2.1 Signal properties related definitions

In this category the definition is related to specific properties of the signal. One examples of this type is the per code output power or output power in UTRA and another is the reference signal power for LTE.

One should note that all power measurements are really an average over time. Different averaging times are defined for the different RATs, but we expect that the same averaging times can be kept and used on a per RAT basis.
The generic power definition takes into account all energy present in the signal. However the definition can take into account limitations on frequency, code, specific time instants or a combination of these parameters.

In this paper we focus on definitions with limitations in frequency since here we specifically want to study a particular carrier or a group of carriers (a RAT) and these limitations are typically done in the frequency domain.

2.2 Reference conditions related definitions

In addition to the definitions related to the signal there are also some power definitions that relate to a specific condition for the BS.

For the maximum output power the signal related part of the definition is to measure the power over the entire frequency range and over all code etc. In addition there is also a condition that the BS should transmit a signal so that the output power results in more or equal power compared to all the other signals that may be transmitted.
3 Proposed power definitions
For the MSR base station we propose the following definitions/measures:

· Power per carrier. This is the power in the frequency range occupied by a carrier in the BS output.

· Power per RAT. This is the sum of all output powers belonging to a specific RAT

· Total power. Sum of the power from all transmitted carriers.

For use in the declaration of the BS capabilities we suggest that a configured maximum power is used for these measures. For example the configured maximum power per carrier (for a specific carrier) is the maximum output power for that specific carrier when the signal is the same that is used for measuring the maximum output power in the relevant single carrier specification.
There are also power dynamics requirements for each standard that are related to the output power. This issue is not considered here and it is expected that the power dynamics will remain as in the current specifications.

4. Manufacturer’s declaration
For an MSR BS there may be many different combinations of carriers and RATs. A BS may support a certain numbers of carriers for one RAT and a different number of carriers for another RAT and yet another number of carriers for a combinations. For example a LTE and GSM BS may support 1 or 2 LTE carriers if operated in LTE only mode, 1-4 carriers in GSM only mode and 1 LTE carrier with 1 or 2 GSM carriers in a mixed mode. For an MSR BS that supports more the number of combinations grow large.

It is cumbersome to list all combinations of carriers and the maximum power for each of them. Instead we propose the following principle for rating the BS.
First the BS has a maximum total power rating.

Then there is a rating for the maximum power per RAT, which may be different for different RATs. It is likely that the sum of the per RAT power ratings is larger than the total power. Since the sum cannot be larger than the maximum this also gives a relation between the RATs.

Within each RAT there may be a many carriers. For each RAT the manufacturer rates the number of supported carriers and the maximum per carrier power. Again it is possible that if one multiples the number of supported carriers with the maximum per carrier power one ends up with more power than the maximum power supported for that RAT. Thus we also get relations between the carriers within the RAT.
It is obvious that all carriers will be transmitted from the same site and thus it seems reasonable to assume that each carrier will have a similar coverage. Thus we can expect the carriers to have similar power. To reduce the number of possible configurations and thus also reduce the number of combinations that need to be tested we suggest that the manufacturer can declare a maximum supported difference in output powers between carriers.

The concept can be illustrated graphically for two carriers/RATs. As the number of carriers grows larger one has to stick to mathematics. A schematic graph is shown in figure 1 for two carriers A and B. The figure can easily be extended to illustrate RAT A and RAT B instead. Note that not all configurations results in maximum output power.

The figure shows how the different declarations work together. For the total power limit a BS can allocate full power to carrier A, to carrier B or something in between. The sum is constant and this can be drawn as the blue dotted line in the figure. Under the total power constraint the entire area below the line are valid configurations. But we also specify maximum per carrier power. These are the red dotted lines and they limit the number of allowed configurations further. Finally the maximum difference between carrier constraint results in the black dotted lines. These then further limit the number of allows configurations. What remains is the green area which represent the allowed power configurations for the two carriers.

Another observation is that for more carriers the number of dimensions will be larger. For each permutation of carriers there will be a separate figure.
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Figure 1. Illustration of how the different limitations interact. The green area denotes the possible output power configurations.

For the conformance testing, we need to limit the number of possible scenarios and thus it is necessary to find a reasonably small set of test points that at the same time ensure that requirements are met for all possible operating configurations.
5. Proposal

It is proposed that the future work of defining the output power includes the powers per RAT, per carrier, a difference between the power levels and the total output power.
6. Conclusions
In this paper we have discussed the various combinations of output powers that an MSR BS can have. We have also proposed a method for declaring the output power.
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