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1. Introduction
This document looks at some of the specification and UE implementation issues, relating to UE transmit power accuracy

2. Background

LTE UL close loop power control can be performed both on PUSCH and PUCCH. Different power control algorithms are specified in 3GPP 36.213. Simplified versions of these algorithms are given as follows:
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where M is the number of RB, P0_PUSCH is a cell specific nominal component, PL is the path loss and ( is a fractional compensation factor in the range [0, 1], f(i) is a function representing either accumulation or absolute settings of TPC_commands received on PDCCH, and (TF_PUCCH(TF) is a modulation and coding related factor. 
Many parameters in the above formulae can change substantially from subframe to sub-frame. 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 where M is the number of assigned RB.  This implies UE transmit power will change quite considerably between different subframes in LTE uplink. In addition, since LTE uplink is frequency division multiplexed, transmission bandwidth and frequency location will also change. A change in RB location will require the power control to compensate for any RF channel flatness. 

2.1
Factors influencing LTE UE transmit power accuracy
In many cases the same issues apply; open loop control, power control steps, minimum power, and change in TFC (rate) which are applicable to WCD may applies to LTE. For LTE, the, errors made by UE hardware will be larger than WCDMA closed loop operation [1], [2], [3]. This is due to; 

a) LTE transmission bandwidth (of the allocated sub-carriers) changes from subframe to subframe. This makes it difficult for any detection circuits to utilise measurements made in one subframe for subsequent subframes. In WCDMA the transmission bandwidth is fixed and this problem does not occur. 
b) LTE transmission band location of PUSCH and PUCCH (of the allocated sub-carriers) changes from subframe to subframe. This makes it more difficult for any detection circuits to compensate for any RF filter variations without an intensive calibration algorithm which would to address frequency and temperature variations. In WCDMA the transmission bandwidth is constant and this problem does not occur. 
c) Requirements will need to cover power changes over a symbol period (70us). In WCDMA 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)
d) Coupled with the bandwidth changes are the associated power changes needed to maintain a 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 subframe to subframe.  E-DCH operation  does require frequent power changes but this is mitigated by a constant bandwidth operation and in the case of compressed mode a relaxation in transmit power accuracy is allowed.
e) A transient duration is not specified in LTE (at least so far) to provide a settling time for internal power calibration. 
Taking the above considerations into account, maintaining accurate transmit power can be challenging for LTE.
3 Impact of RF filters

As indicated previously LTE transmission band location of the allocated sub-carriers changes from subframe to subframe. This makes it more difficult for any detection circuits to compensate for any RF filter variations.  The filter response is the composite or total response of the transmit chain.  Taking a current practical RF analogue chain; it may include a pre-filter, a RF PA, and a duplexer RF filter. The RF filters will have significant amplitude non-flatness over the band while the RF PA by itself is relatively flat over the band, its effective flatness and linearity would be affected by the impedance presented to it by the duplexer which varies over the band.  
For the most difficult bands, like Band 8, the proximity of the Rx and the Tx bands forces will maximize the slope of the filter roll-off. The band non-flatness is principally at the edges of the band, near the roll-off region. Figure 3.3-1 shows the RF duplex filter variations only (exclude impact of PA/duplexer mismatch). In this case we could expect for the RF duplex filter only a variation of [1.5] dB over normal conditions rising to [2.5] dB over temperature. Hence when we consider re-using requirements for WCDMA we need to account for this delta when specifying the minimum performance requirements.   
Figure 3.3-1; Example Filter flatness
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4 Power control accuracy
Taking into account the difference in behaviour, it is proposed that power control accuracy is defined in 3 stages.  Here are specified over a number of stages this allowing the UE to reach this requirement over a time period 
4.1
Absolute power control 
Absolute power control tolerance is expected to address 4 components; 

a) Accuracy in setting the calculated transmit power.
b) The RF filter variations of the allocated RB over the transmission band location 
c)  Accuracy due to the Rx and Tx dynamic range.
d) The measurement of the downlink DL RSRQ used to derive the calculated transmit power. 
For absolute accuracy, we propose requirements identical to WCDMA with a small delta to account for the filter variations over the transmission bandwidth.
Table 4.1: Open loop power control tolerance

	Conditions
	Tolerance

	Normal conditions
	± [10.5] dB 

	Extreme conditions
	± [13.5] dB


As proposed in [3], when the DL RSRQ is below a certain TBD threshold, then additional power control allowance is given to account for open loop estimation errors in line with TS36.133 clause 9.1.2.2.  This allowance could be an exemption from power control accuracy requirements, or an increase in the error tolerance with a value that is a TBD function of RSRQ and operating band.  
4.2
Relative power tolerance 
This stage 2 scenario would normally follow from a stage 1 absolute power scenario and would expect to offer a tighter accuracy, since the measurement error to downlink DL RSRQ can be excluded.  This would now be a relative measurement with reference to the DL RSRQ. In this case the measurement accuracy would be driven by the Tx output dynamic range. For this requirement it is proposed to define the accuracy over two ranges;
· Range 1 covers the range of {maximum power – MPR/A-MPR} where a tighter tolerance is specified and

· Range 2 covers the remaining dynamic range of -40dBm to (18dBm.
Table 4.2-1: Stage 2 Relative power tolerance subframe (normal conditions)
	Total UE output power value (dBm)
	PPDSCH ,  PPUCCH   and SRS accuracy (dB) 

	21 <= total output power  <25
	±[2.0]

	18  <= total output power <21
	±[3.0]

	-40 <= total output power <18
	±[5.0]

	Note 

1 UE maximum output power as specified in clause 6.2.2 should not be exceeded after a power change. 
2 Tolerance is defined as the average power of the first symbol period after a power change and excluding any transient duration.


4.3
Power step tolerance 
It is expected this scenario would occur after stage 2 and would address any power step change.  If there is no change in RB location and allocation then it would expect a similar requirement to WCDMA. However in LTE this scenario would also expect to any change in location and allocation which would introduce a tolerance due to filter variation 
Table 4.3-1: Relative power tolerance subframe (normal conditions)
	Power step size (Up or down) P [dB]
	PPDSCH ,  PPUCCH   and SRS power step accuracy (dB) 

	0 > to 1
	±[  ]1

	1> to 5
	±[  ]1

	>5
	±[  ] 

	Note

1 Number of exceptions where the limit is +/-5.0dB is FFS


A limited number of exceptions should be allowed when the power step is over a PA mode change. Previous discussions in RAN4 have indicated that in order to maintain UE battery efficiency, techniques such as RF power amplifier mode changes (bias switching, load switching, etc) are needed. To address these battery efficiency scenarios, it is proposed that any tolerance change due to RF PA mode change would be limited to ±5dB and hence these exceptions are only needed in the case when the power step tolerance is ≤5dB.
5. Open issues
One aspect for further study is the time duration that would need for stage 1-3 scenario would be valid time duration. Additionally the impact of DTX and UL measurement gaps should also be taken into account 
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