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1 Introduction

In this contribution, we highlight the impacts of power amplifier architecture on the UE Power Headroom (UPH) estimation and the reporting of UE internal measurement events(Event 6x).

2 Discussion
2.1 UE power headroom
RAN4 is currently discussing about different power amplifier architectures for CLTD. Different asymmetric power amplifier architectures may have a potential impact on the total UE power which is and input parameter to estimate the UE power headroom. Similarly, Events 6x depend on the maximum UE transmitted power or in some power threshold parameter.
UE Power Headroom (UPH) is the ratio of the maximum UE transmission power and the DPCCH code power, and shall be calculated as following:
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where:

· Pmax,tx = min {Maximum allowed UL TX Power, Pmax} is the UE maximum transmission power. Maximum allowed UL TX Power is set by UTRAN.

· Pmax is the UE nominal maximum output power according to the UE power class as specified in 3GPP 25.101.

· PDPCCH is the transmitted code power on the DPCCH

The current definition of UPH considers the UE transmission power from a single transmit antenna. But with the introduction of Transmit Diversity in the uplink, the UPH evaluation should consider the transmission power from two transmit antennas and the PA configuration.

We illustrate with the figure below how the UPH definition is impacted by the two transmit antennas in the uplink:
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Assuming that Branch 2 is activated and branch 1 is deactivated and that Z=1/2 and Y = 1, the maximum power available in Branch 2 (P2) would be Ptot. In this case, Ptot is the Pmax,tx as defined above. 
However, in the opposite case, branch 1 is activated and branch 2 is deactivated, the maximum power available in Branch 1 (P1) would be Ptot/2.

If the UPH definition is kept as is, the UPH value (UPH_1) in this case would be UPH_1 = Pmax,tx/DPCCH_code_power. However, the “factual” UPH value (UPH_2) would be equal to UPH_2 = (Pmax,tx/2)/DPCCH. Comparing both values, it can be observed that UPH_1 is larger than UPH_2.

Should the UPH be used as an input to calculate the Serving Grant value, the reporting of UPH_1 would have a consequence that the network could allocate larger grants than the UE can make use of. While this is not an issue for the UE, it will impact the network and the system performance. If the network allocates resources which cannot be used by a UE, then the overall system performance deteriorates and we may starve resources.
We propose that: 
Proposal 1 Should RAN4 decide that a UE is allowed to transmit with 1/2 PA, send a LS to RAN1 requesting to update the definitions UPH definition should be update so that the “Maximum allowed UL TX Power” and Pmax takes into account the maximum power available in each branch due to the type of power amplifier.
2.2 UE internal measurement event (Event 6x)
One of the measurement quantities that is used for UE internal measurements is the UE transmission power (Tx) power. The reporting of events 6A, 6B, 6C, 6D are based on the UE transmission power and a certain threshold.

Consider that branch 1 is activated and branch 2 is deactivated, the maximum power available in Branch 1 (P1) would be Ptot/2. Event 6D uses the maximum UE transmit power as an input for the evaluation. In the example given before, a UE using branch 1 will never trigger the Event 6D because the maximum UE transmit power will always be above the maximum power available for that branch. 

Each branch may have a maximum transmit power; hence, the maximum UE power (Pmax) should take into account that each branch may have different maximum transmit power.

Similar reasoning applies for events 6A and 6B. These two events compare the UE transmit power with an absolute threshold. When doing the evaluation, the UE needs to take into account the PA architecture. 

Proposal 2 Should RAN4 decide that a UE is allowed to transmit with 1/2 PA, update events 6x (6A, 6B, 6C) so that the absolute threshold and the maximum UE transmit power take into account the different power amplifier of each branch.
3 Conclusion

We kindly ask RAN2 to discuss and agree on the following proposals:
Proposal 1
Should RAN4 decide that a UE is allowed to transmit with 1/2 PA, send a LS to RAN1 requesting to update the definitions UPH definition should be update so that the “Maximum allowed UL TX Power” and Pmax takes into account the maximum power available in each branch due to the type of power amplifier.
Proposal 2
Should RAN4 decide that a UE is allowed to transmit with 1/2 PA, update events 6x (6A, 6B, 6C) so that the absolute threshold and the maximum UE transmit power take into account the different power amplifier of each branch.
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