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Introduction

The output power definition has been discussed in the previous meetings. In [1] it is argued that the output power accuracy requirement (of one carrier) can be kept and in [2] it is argued that the current output power definitions can be reused. In this paper we further elaborate output power requirements in relation multi-band operation and suggest how to progress the work.
Parameters for maximum power
Two of the main assumptions for the MB-MSR work are that:

-
The specification should allow for implementations with one wideband PA or for an implemention with two PAs, one for each band.

-
The specification should allow for implementations with one or multiple (two) antenna connectors where bands are combined into one connector or available at separate connectors.

This will have some interesting consequences.

If we consider the “one or two PA implementation” assumption we see that there are some fundamental differences between these two. One of the reasons for using one wideband PA is that the power resource can be shifted between the bands. For a dual PA implementation it is of course not possible to move the power arbitrarily between the bands.

In figure 1 we can graphically depict how the output powers can be set for two bands. For a single PA implementation all power combinations (power in band X and power in band Y) inside the striped triangle can be configured for the PA. The diagonal line depicts the power combinations where the PA is at maximum power, i.e. when PX + PY = PMAX. 
For the two PA implementations it is obviously not possible to shift all the available power to one band. For the two-PA implementation the possible power combinations are those inside the dashed rectangle.
We can see that the possible power combinations for the single PA implementation can be described by a single parameter (total BS power, PMAX). But the power combinations for the two PA implementation must be described by two different parameters (PMAX,X and PMAX,Y).

Thus the logical consequence of the “both one and two PA implementations should be supported” assumption is that we need to define all three parameters to describe these implementations. For the core specification it is only the power of individual carriers that are tested, so it may not be necessary to put the definition of total power and per band power in the core specification. On the other hand other definitions, e.g. RAT power is already defined in the core specification, but is not used.
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Figure 1: Possible power allocations for two bands

Relations of power parameters in the declarations
The declared parameters for the output power can be seen as a hierarchy where the sum of powers in one level may not be more than the power at a level above. In figure 2 we depict this for a BS supporting operations in two bands. As an example the power of one GSM carrier in band Y cannot be larger than the declared max power for GSM carriers in band Y. In addition the sum of the configured power of the GSM carriers cannot be larger than the declared maximum GSM power for band Y. In addition the sum of the configured carrier powers for all RATs cannot be larger than the declared maximum power for band Y. The final restriction is that the sum of all configured carrier powers cannot be larger than the declared maximum power.


[image: image2]
Figure 2: Power declarations hierarchy

However this picture does not convey the whole picture. Here the figure shows that there are two carriers of each RAT in each band. casein this example (and in the specification) there is a single declared maximum power for both carriers of the same type in the same band. So for example the same maximum applies for the GSM carriers in band X. This is done for simplicity and convention, but it is possible to imagine separate declared values for each individual carrier.
In the MSR specification we have seen that there may be multiple values declared for the same parameter. For example there are two values declared for the output power depending on the number of configured carriers and all parameters may be given two different values depending on if the BS is operating in non-contiguous mode or not. As an extension it is also possible to imagine that parameters may be given multiple values depending on other parameters, e.g. location of carriers, number of configured carriers and bandwidths, but fortunately this has not been proposed (yet). 
It may be so that it is not necessary to duplicate the parameters for each band. For example the same max LTE power could be used for both bands. However given the potentially different characteristics of the bands (width, propagation conditions etc) it is probably necessary to declare each band separately. Another reason that we would need different parameters for each band is that there may be implementations with multiple PA where each PA has unique characteristics.
Implementations with multiple antenna connectors
One of the assumptions is that the specification should accommodate an implementation where a wideband PA is split into separate connectors for the individual bands. This makes the maximum output power available at an antenna connector depend on the output power present on the other antenna connector. Care should be taken when handling this in the specification.
In the specification the only requirement on the output power is that the power of each individual carrier should be within a certain tolerance from what has been configured in the BS. (What is configured is the maximum power of the carrier, the actual carrier ouput power is depending on the traffic, for full traffic load the carrier power will be the maximum.) If this requirement is met for all carriers it is trivial that the tolerance for the total power will be less or equal.
Since this requirement is carrier centric the same requirement can be applied to multi band operation, i.e there is no need to update the specification for this requirement. 
However there is for example the definition which may be a bit tricky:

The maximum total output power, Pmax, of the base station is the mean power level measured at the antenna connector during the transmitter ON period in a specified reference condition.

We need to decide whether the “specified reference condition” can cover the case where the power of a PA is split on multiple antenna connectors or whether there is a need to update the specification. One option would be to remove the definition entirely since it is never actually used in the specification.

A note on configuration: When a BS is set up the maximum power of each carrier is set by “higher levels”, presumably through some kind of O&M system. This power level may or may not be the same as the maximum carrier power declared by the manufacturer. The declarations define the carrier powers that can be configured not the power levels that are set when the BS is set up for operation.
Conclusion

To accommodate implementations with one and two PA it is necessary to define parameters and declare parameters for both the maximum power per band and total maximum power for all bands.

The band, RAT and carrier powers should be defined separately for each band.
Some care should be taken to also include the case where the output of a single PA is split on multiple antenna connectors, one for each band. One approach would be to not make any new definitions and remove the unused definitions from the spec. 
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