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1.
Introduction

In the past two RAN4 meetings there have been proposals in [1] and [2] from operators making proposals for power classes that are inline with the “conducted” methods used for 3G UEs today. The aim of this contribution is to make another proposal that proposes a slightly different method for specifying the UE power class.

2.
Radiated v Conducted UE output power classes

2.1
General

The current power classes in TS25.101 and TS25.102 are based on conducted measurements made with a coaxial cable connected to the antenna port at the UE and measured by a system simulator. 
Recently within 3GPP it has been highlighted particularly well that “conducted” measurements alone do not represent the actual performance of the UE in the field, due to the fact that the antenna efficiency is not taken into account, the value of which is critical in understanding the real performance of the UE. For example it may be the case that a UE of “conducted” maximum output power of FDD power class 3 (24dBm) actually has a lower radiated power than a UE of power class 4 (21dBm). There is no performance requirement for radiated performance yet defined within 3GPP, and this has been a source of much debate over the last 18 months within RAN WG4. However it is hoped that very soon RAN4 will reach agreement on such “radiated” requirements.
On the other hand, “radiated” performance measurements give higher uncertainty in the testing process than conducted measurements and it seems that the performance may vary with the physical positioning of the UE. Therefore it does not seem desirable to get rid of conducted performance testing completely. Particularly for requirements where the measured output power must be below a certain level, e.g. spurious emissions and adjacent channel emissions, the conducted test would seem to be much faster and give greater confidence to the operator.
Therefore it is proposed that as well as defining a conducted UE output power class (Power Class_(C)), RAN4 should also introduce a radiated output power class (Power Class_(R)).
The benefits of this are:

· The radiated performance is representative of how the UE will perform in the field, and there is no confusion from operators as to the actual transmitter performance. This will aid operators with network planning.
· The operator will be able to understand (within a range) what the absolute radiated output power of the terminal is in a clear manner.
· The conducted power class is still there, and thus still allows a reference for which to define other UE requirements and tests.

The drawbacks are:

· As we have found in recent RAN4 discussions on OTA performance, radiated performance depends quite heavily on the form-factor, frequency bands supported, and size of the UE. And RAN4 could end up specifying a range of possible output power classes for Power Class_(R).
· One way of solving this would be to specify power classes within a range, e.g. Power Class X = 15-18dBm, Power Class Y = 18-21dBm, etc. But this specification format would need further investigation by RAN4 once the actual required values were being evaluated.
· Today we have only considered radiated performance tests for the “speech” position, whilst it may also be applicable to use the “free space” test method for understanding the radiated performance in a general way.
· However this should not be a problem as this is already defined as part of TR25.914.
3.
LTE UE mode of operation

RAN WG1 has so far considered 3 modes of operation for the LTE system: FDD (full and half-duplex), and TDD. Whilst known issues restricting maximum output power are PA efficiency v battery consumption, the use of a duplex filter and the possibility for continuous transmission add further restrictions to the maximum output power of the UE, the latter two issues applying only for full-duplex FDD. 
Therefore it would seem desirable to utilise the benefits of TDD and half-duplex FDD in order to enable an increased maximum output power class for those UEs using these modes of operation. At the same time, to encourage multi-mode operation in UEs, it would seem desirable also to allow for at least one UE maximum output power class that is common between all modes of operation, in order to simplify the design of these UEs. 
In order to understand exactly how much the UE transmission power could be increased for TDD and half-duplex FDD, one component could be to agree some kind of minimum uplink/downlink transmission (or at least uplink DTX) ratio within the LTE UE. Given that the UE needs to listen to downlink control channels due to HARQ signalling and channel estimation, this should not be a problem in itself. But exactly what this minimum ratio should be needs further agreement and probably also some discussion within RAN WG1 before we could agree on specific values. 
4.
Proposal
It is proposed to adopt the following principles for the specification of LTE UE output power classes:

· UE output power classes should be defined to give an understanding of both the conducted and radiated performance of the UE. Hence the UE should have both a “conducted” and a “radiated” power class.
· The capability for higher output power classes should reflect the mode of operation used, which may be further enabled by mandating to some extent the DTX:TX ratio of the UE.

It is also proposed to progress on the outstanding issues in future meetings.
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