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1. Introduction
Discussions on the capability of LTE UEs to accurately adjust transmission power were initiated in Orlando, in the RAN1 LS [1]. These were continued in the RAN4 response in Athens [2]. In [3], we discussed various LTE specific issues that impact UE transmission power accuracy. In this document we continue the discussion by outlining different options that enable LTE UEs to accurately adjust transmission power.
Note: This document is also submitted to RAN1 with tdoc number R1-074041
2. Discussion

Two primary issues to consider while UEs adjust transmission power are 
1. Accuracy that the UE hardware can achieve while making the adjustment
2. Transient duration required by the UE hardware to make the adjustment 

Accuracy of transmission power adjustments will impact the effectiveness of uplink power control. Results in [4] show that if power adjustment errors made by UEs are large (e.g. +/-5dB), LTE network capacity can be degraded by as much as 20%. 

To achieve high transmit power adjustment accuracy (e.g. better than +/-2dB), UE hardware typically uses feedback circuits that measure and correct transmission power. As the hardware has to first  transmit- then measure-and finally adjust the output power based on the measurements, time taken to make accurate adjustments will be longer than just a few microseconds and UE hardware will require a finite transmit burst to make the adjustment. 

In WCDMA, UEs are allowed a 50us ‘transient duration’ at every slot boundary to make power adjustments. Moreover, UEs adjust power while continuing to make transmissions on UL-DPDCH and/or UL-DPCCH.  
3. Transmit Power Adjustment for LTE
3.1 Available Options
For LTE, two options are available for UEs to make accurate power adjustments 

Option 1: UEs make the power adjustment during their scheduled uplink SC-FDM transmission.
Option 2: UEs make the power adjustment on a calibration waveform and then transmit their scheduled SC-FDM transmission at the accurate power level.
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Figure 1 – UE Transmit power adjustment options for LTE
Option 1, while similar to WCDMA, has certain LTE specific implications. Due to the variability in resource block allocation in LTE, the modulation bandwidths can vary from 90 kHz to 20 MHz. At the low modulation bandwidths UEs will need a much longer transient duration (>140us) to accurately measure and reach the desired power level. Further, power changes within SC-FDM long blocks (LBs) will cause inter-carrier interference that will degrade the SNR of data transmitted in those LBs where power adjustments are made. 
For option 2, UE hardware will transmit a calibration waveform immediately before its scheduled SC-FDM transmission. With this option, UEs can reduce the transient duration required for power adjustment to 50-70us by choosing an optimal waveform that allows for faster measurement and adjustment of the transmit power. Attributes of the waveform can be left to UE hardware implementation and need not be specified. However, the network should accommodate the calibration waveform transmissions made by UEs. This can be achieved by:

Option 2a: The network can allow a UE requiring power adjustments to transmit a calibration waveform by puncturing the first SC-FDM long block (LB0) in its allocated subframe (Note: This option is shown in Figure 1). 
Option 2b: The network can allow a UE requiring power adjustments to wake up 50-70us before its scheduled subframe and transmit the calibration waveform.
Option 2c: The network can designate a specified time duration (50-70us) in every subframe where UEs are allowed to transmit a calibration waveform to adjust power. 
3.2 Comparison of Available Options
3.2.1 Impact on UE 
Option 1 allows a UE behavior that is similar to what has been adopted for WCDMA. However, from an implementation perspective, accurately tracking and adjusting output power while making variable bandwidth SC-FDM transmissions is more complex when compared to WCDMA. Due to this, the transient duration required for implementing this option will be more than two SC-FDM LBs (>140us). Further, rapid power/phase changes during the transient duration degrade the SNR of data transmitted in those LBs due to inter-carrier interference. Therefore, even though regular data (PUSCH) is transmitted during power adjustments, it may not be decodable, especially if the UEs use higher order modulation and higher encoding rates.  
Option 2 is simpler from a UE implementation perspective as it will be easier for the hardware to measure and adjust power while transmitting a known waveform. Further, the transient duration is smaller (50-70us) and will fit within a single SC-FDM long block. 
· In case of option 2a, UEs will have to transmit their PUSCH payload at a marginally higher encoding rate since LB0 will be punctured for those UEs that transmit a calibration waveform.
· For option 2b, UEs transmit their calibration waveform before their scheduled resource allocation (last LB in the subframe preceding their allocated subframe in similar frequency band locations). This will cause interference to other UEs in the network. 
· For option 2c, a fixed amount of resources in every subframe are set aside for UE hardware calibration. This would decrease LTE uplink network capacity by  a fixed amount.
3.2.2 Impact on eNodeB
In case of option 1, for the UEs that make power adjustments, the eNodeB receiver should be able to puncture/adjust the LLRs of data transmissions received in the SC-FDM LBs during which power adjustments are made (the first 3 LBs in a subframe). 
For option 2a, the eNodeB receiver should be able to adjust in order to decode the transmissions made by the power adjusting UEs that transmit PUSCH at a marginally increased encoding rate. Options 2b and 2c will not have any impact on eNodeB behavior.

3.3.3 Impact on Specifications

In RAN4, the requirements on UE transmit power accuracy and modulation accuracy have to be specified for those SC-FDM LBs in which UEs are allowed to make power adjustments
For option 1, requirements have to be modified for the first 3 LBs in each subframe. This effect on the UE modulation accuracy {frequency drift, EVM and test methodology} would be more significant due to the rapid power/phase changes which would occur over a longer transient duration and would be difficult to accommodate with the  RAN4 EVM equalization methodology 

For option 2, modifications are required for the first LB in each subframe. This reduced transient period is similar to the WCDMA and could be accounted in the E-UTRA modulation accuracy methodology. 
4. Conclusions
In this document we introduce different options that enable LTE UEs to accurately adjust transmission power. We compare two options:
Option 1: UEs make the power adjustment during their scheduled uplink SC-FDM transmission.
Option 2: UEs make the power adjustment on a calibration waveform and then transmit their scheduled SC-FDM transmission at the accurate power level.
For option 1, the transient duration is longer and extends to the first 3 LBs. Due to the rapid power/phase changes which occur during the transient duration, uplink SNR is degraded in these LBs. Further, allowing a transient duration that is 3 LBs long may have a significant impact on the RAN4 performance and test methodology.
Option 2 addresses these issues and allows for a well defined UE/NodeB implementation by allowing the UEs to adjust power on a calibration waveform and limiting the transient duration to within 1LB. Further, option 2 allows a simpler UE hardware implementation. 
Hence, we propose that RAN1/4 investigate various alternatives that further define how option 2 can be specified in the E-UTRA specifications
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