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1. Introduction 

There have been initial proposals for the LTE UE power control issues [1][2].  The discussion has been focusing on two areas: the power accuracy and transition profile [5].  In this contribution we give our views on possible definitions of the power control time profile.  This contribution is an update of [4] with text proposal for the EVM exclusion period. 
2. Discussion
2.1. Proposed Power Profile Requirements

As described previously [4], with proper transmit chain design, certain transmitter performance impairments can be avoided.  We propose to use the time exclusion only in the following cases: 
1. Apply exclusion period to meeting the power control accuracy requirements

2. Apply exclusion period to meeting the EVM requirements

And not use any exclusion period for the in-band, out-of-band and spurious emission, requirements, ACLR requirements.  

2.1.1.   Applying the Time Exclusion Period

2.1.1.1. Exclusion for Power Control Accuracy

Applying the exclusion period to the power control accuracy should be done similarly to how it is applied in the WCDMA requirements.  This involves checking the power level before and after the exclusion period but not during the exclusion period.  In [2], a step-wise power profile was proposed, where the power is checked even in the transition period.  We believe this might be feasible; however, it should be verified that test equipment will be capable of performing the required measurements.  Our preference would be to keep a simple single step power profile.  
2.1.1.2. Exclusion from EVM
Since the exclusion period durations that were proposed so far are significant when compared to an OFDM symbol length (and to the FFT/IDFT size), we need to consider the exclusion period from the perspective of the FFT processing in the EVM analyzer.  As long as the final EVM analysis is performed post-IDFT, the exclusion can be simply applied by discarding a certain number of modulation symbols.  
Considering that the UL RS symbols are at least one symbol away from the slot or subframe boundaries, we can determine that the EVM analyzer channel estimate and equalizer operation are not affected by power transitions.  

In summary, applying the exclusion period to the EVM processing will not require any special processing beyond discarding an appropriate number of modulation symbols.   
2.1.2.   Length of the Exclusion Period
In [1], an exclusion period of 50 μs was proposed, which is identical to the allowance in the WCDMA specification.  In our opinion, the existence of undefined signal within the exclusion period is more limiting to the performance in LTE, therefore we propose to explore the possibility of reducing the exclusion period. Our proposal is to define the exclusion period to be 35 μs.  
2.1.3.   Placement of the Exclusion Period

There were discussions [1][2] on whether the exclusion period should be applied before or after the subframe boundary.  If it is accepted that the exclusion period is not needed for meeting the in-band emission requirements then the power transition impacts only other UEs occupying the same or overlapping frequencies. In general, it seems that placing the exclusion period symmetrically around the subframe boundary, i.e. around the point where ideally the power transition should occur. 
We propose that the SRS transmission should be treated differently.  Considering that the SRS length is only one LFDM symbol and that we rely on orthogonality of SRS symbols between multiplexed users, it seems beneficial to place the exclusion period outside of the SRS.  
2.2. Text Proposal

----------------------START OF TEXT PROPOSAL --------------------------
2.2.1. Transmit modulation

Transmit modulation defines the modulation quality for expected in-channel RF transmissions from the UE.  This transmit modulation limit is specified in terms of; an Error Vector Magnitude (EVM) for the allocated resources blocks (RB), an I/Q component and an in-band emissions for the non-allocated RB.
6.5.2.1

Error Vector Magnitude 
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. The measurement interval is one [timeslot] except when the mean power between slots is expected to change whereupon the measurement interval is reduced by [17.5] μs on each side of the slot boundary where the power change is expected to occur, except when the slot preceding the power change contains an SRS symbol. When a slot includes an SRS symbol then the duration of the SRS symbol and a [35] μs period immediately preceding the SRS symbol is excluded from the EVM evaluation.  In the slot following an SRS symbol, the first [35] μs period is excluded from the EVM evaluation.  The exclusion period is applied to the signal obtained after the front-end IDFT.   
------------------------END OF TEXT PROPOSAL-----------------------
3. Conclusion
In this document, we gave text proposal for the LTE UE EVM exclusion periods due to expected power change.  
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4. Appendix

Discussion of impacts of a power change on the transmitted waveform

Whenever a power change happens, the following impacts should be expected: 

1. Because the SC-LFDM waveform is equivalent to low pass filtering, the signal before and after the power transition goes through a filter, which creates time domain sidelobes.  These time domain sidelobes extend to the previous and subsequent symbols.  Even though this can create distortions, this is a linear effect that can be viewed as part of the SC-LFDM waveform itself and shouldn’t require specific mitigation.  

2. In order to control emissions, the transmitter is allowed to employ a limited extent of overlap-and-add operation at the symbol boundaries, which is also where the power changes occur.  This creates non-linear distortion that is not removable by the receiver; however, the duration of the transition period created by the overlap-and-add operation is limited to at most a couple of microseconds by the EVM time window defined for LTE. 

3. There can be HW configuration changes (an example of which is the PA gain stage switch) that happen in the analog domain. The timing and duration of these changes is more difficult to control than the digital domain processing.  Typically, these effects can be viewed as the most limiting from the link efficiency perspective. 

We’d like to point out that due to 1) and 2), big power changes or switching the Tx signal ON/OFF dos not create emission or ACLR problems as long as the transmit chain timing is properly designed.  If the signal undergoing the power change passes through the same transmit processing as the normal signal, the low pass filtering and overlap-and-add will mitigate potential emission problems.   
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