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1 Introduction
In RAN1#49bis in Orlando it was decided that UE Transmit power P, is set according to the following formula for PUSCH transmissions [1].
P = min ( Pmax ,  10 log M + Po + α x PL + delta_mcs + f(delta_i))

Where,
· M is the number of assigned RB(s) based on the UL grant 
· Po is a cell specific parameter that is broadcasted (default value)

· α is cell specific path loss compensation factor (can be set to one to allow full path loss compensation)

· PL is downlink path loss calculated in the UE

· delta_mcs is signaled by RRC (table entries can be set to zero)

· MCS signaled in UL grant

· delta_i is UE specific correction value included in the UL grant

· Function f(*) signaled via higher layers

· Only two possibilities

· Accumulated vs. absolute value
Many parameters in the above formula can change substantially from sub-frame to sub-frame (for e.g. M, delta_mcs). Further, since the objective of the power control algorithm is to keep the UE power spectral density (PSD) constant, total power transmitted by the UE scales with M.  This implies, UE transmit power will change quite considerably between different sub-frames in LTE uplink. In addition, since LTE uplink is frequency division multiplexed, transmission bandwidth and frequency location will also change.
In this document we consider the Transmit error associated with transmitting the calculated UL power P. In a realistic network, most UE RF hardware configurations will find it difficult to accurately make these simultaneous rapid transitions in transmit power, transmission bandwidth and also in transmission frequency. This document discusses various issues impacting UE transmit power accuracy for LTE and dynamic range.
The same issues were also presented in our RAN4 document R4-071416 
2 Factors influencing LTE UE transmit power accuracy
UE transmit power level accuracy is dependent on many factors such as:

· Open loop and closed loop information

· Dynamic range

· Allocation Bandwidth

· Total Power  (primary driver)

· Temperature

· Voltage

· Antenna issues (Load impedance)

2.1 WCDMA
In WCDMA open loop accuracy requirement is +/- 9dB [3, section 6.4.1.1].  This specification was designed to cover both RACH and dedicated transport channel.  This tolerance is designed to address 3 components; (a) accuracy in setting the calculated transmit power, (b) accuracy due to the Rx and Tx dynamic range and (c)  the measurement of the down link path loss used to derive the calculated transmit power. Although not specified, in a typical implementation the errors due to (a) and (b) are around 5-6 dB
In WCDMA closed loop accuracy are of course much tighter, typically ½ dB for a 1 dB power control step. However, these requirements are based on the fact that UE(s) are transmitting continuously (on UL DPCCH) across multiple slots using the same transmission bandwidth.  Also, in this case, the requirements are specified over a number of power steps (10) thus allowing the UE to reach this requirement in approximately 6 ms (10 * 0.625 ms). Furthermore, WCDMA provides a 50us ‘transient duration’ [3, section 6.4.2.1] to enable the UE hardware to make accurate power transitions to accommodate changes in power TFC (rate changes) [3, section 6.5.3] which can be used by the UE to accurately obey TPC commands.  In the case of compressed mode (small gap duration) the transmit power accuracy is allowed a 0.5 – 1.5 dB relaxation in order to account for the loss of closed loop conditions during the compressed gap. 
The main reason why closed loop accuracy is tighter, is that detection circuits in the power amplifier (PA) can be used to provide a self calibration process over a limited dynamic range. These detection circuits are based on a feedback mechanism i.e. the UE needs to transmit so that a power measurement can be made via a coupling circuit. They also require a finite convergence/calibration time (e.g. 50us). Further, detection circuits are more effective when the UE is making continuous transmissions at a constant bandwidth.  For lower power levels (below 0 dBm), these detection circuits suffer from limitations due to; detector linearity, temperature compensation and detector sensitivity since the coupled power is (10-20 dB) below the transmitted power. Hence the power accuracy is less stringent 

2.2 LTE
In many cases the same issue; open loop control, power control steps, minimum power, and change in TFC (rate) which are applicable to WCDMA, also applies to LTE. For LTE, the, errors made by UE hardware will be larger than WCDMA closed loop operation. This is due to; 

· A continuous uplink transmission (similar to UL DPCCH in WCDMA) is not available in LTE uplink. Having a continuous transmission helps the WCDMA hardware to use detection circuits to maintain accuracy.

· LTE transmission bandwidth and band location (of the allocated sub-carriers) changes from sub-frame to sub-frame. This makes it more difficult for any detection circuits to use measurements made in one sub-frame in other subsequent sub-frames. 

· Coupled with the bandwidth changes are the associated power changes needed to maintain an approximately constant power per sub-carrier and SNR at the NodeB.  While large power changes were somewhat infrequent in WCDMA, they will be routine in LTE in response to routine transmission configuration (RB) changes from sub-frame to sub-frame.

· Similar to WCDMA, a transient duration is not specified in LTE (at least so far). However, the effectiveness of a ‘WCDMA like transient duration’ may itself be rather limited due to the discontinuous and variable bandwidth nature of LTE transmissions.
Taking the above considerations in to account, errors in LTE UE transmit power expected to be quite high and somewhat similar to WCDMA open loop operation. System performance loss due to these errors can be quite large. For example, as shown in [2], the capacity loss at +/-5dB transmit error tolerance (ignoring path loss errors) is greater than 10%.  
3 Mitigation Options


3.1 TDD like calibration region

In time division duplex (TDD) systems, a guard period is available before the UE starts an uplink transmission [4, Section 5.2.4].  Apart from performing other hardware adjustments, UE(s) can use the guard period to accurately calibrate and achieve the desired transmission power.  A similar ‘guard period’ can be provided for LTE FDD mode as well, but depending how long such a guard period will be (and how often); overall spectral efficiency of the network will be degraded.  Additionally, we need to consider the impact on the EVM test methodology as the transient duration (50us) is excluded in WCDMA in the EVM measurement period. So this is FFS
3.2 More extensive UE hardware based calibration
The other option would be to shift the power accuracy maintenance burden entirely to the UE(s) and having a transmit power accuracy requirement similar to WCDMA closed loop without providing any opportunity for transmit power calibration. This option will however force the UE(s) to implement some form of MIPS or memory intensive calibration mechanism 

One example can be a dynamic lookup table based calibration approach where a UE is always updating its internal calibration table for each transmission.  However, factors like load impedance, ambient temperature have to be considered for correctly updating such a dynamic calibration table. In addition to this, large calibration tables would imply large factory calibration times, or significant software development.. In the end UE(s) with such tables, may still not meet whatever the tighter power specification is until the calibration process has ‘warmed up’.   Hence we do not see this as a realistic solution 
4 Conclusions

LTE UE(s) are expected to simultaneously change transmit power, transmission bandwidth and transmission band location from sub-frame to sub-frame. Under such operating conditions, maintaining accurate transmit power can be challenging. To have a tight transmit power accuracy similar to WCDMA closed loop operation without prohibitively increasing UE complexity, LTE specifications should also provide similar UE transmit power calibration mechanisms (e.g., transient duration in WCDMA, guard periods in TDD etc.).  
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