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1 Introduction
This paper looks at the requirement for power step size of 0dB which is [±2]dB for PUSCH and PUCCH allocations taking into account the impact of RF spectrum flatness and calibration error.
2 Proposal for discussion
2,1

General 
Current requirement for 0 power control step size in TS36.101 is specified below
6.3.5.2.1
Minimum requirements

The UE shall meet the requirements specified in Table 6.3.5.2.1-1 and Table 6.3.5.2.1-2.  To account for RF Power amplifier mode changes a number of exception are allowed. The number of exceptions allowed where the power tolerance limit is a maximum of [±6.0dB] in Table 6.3.5.3.1-1 and Table 6.3.5.3.1-2 is TBD

Table 6.3.5.2.1-1 Relative Power Tolerance for Transmission (normal conditions)
	power step size (Up or down)
	PUSCH/ PUCCH
	SRS
	PRACH

	ΔP [dB]
	(dB]
	[dB]
	[dB]

	0
	≤ ΔP ≤
	4
	[± MAX {2.0, P/2+2}]
	
	[± MAX {0.5, P/2}]

	4
	< ΔP ≤
	10
	[± 4.0]
	
	[± 3.0]1

	10
	< ΔP ≤
	15
	[± 5.0]
	
	n/a

	15
	< ΔP ≤
	20
	[± 6.0]
	
	n/a

	20
	< ΔP
	
	[± 6.0]
	
	n/a

	Note 

1.  For PRACH maximum power step is 6 dB


For the case of 0dB power step the maximum allowed tolerance is [±2] dB for all operating bands, for all channel bandwidths and over the full Tx dynamic range.  
2.2

Impact of RF spectrum flatness 
The RF spectrum flatness response is the composite or total filter response of the transmit chain.  Taking a current practical Tx RF analogue chain; it may include a BB filter, RF band filter, a RF PA, and a duplexer RF duplex filter as shown below in Figure 2.2-1
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Figure 2.2-1; Typical Tx RF analogue chain
The duplex and pre-PA band filters will have significant amplitude non-flatness over the band, while the RF PA by itself is relatively flat over the band. 
The RF PA effective flatness and linearity would be affected by the impedance presented by the duplexer which varies over the band.  As the performance requirements are specified into a fixed 50 ohm load we can assume constant impedance. Even for a 50ohm antenna load the filter presents frequency variable impedance to the PA that can give rise to gain variations. We also need to take account in a operating scenario there will be a significant ripple in the pass-band due to antenna miss-match (R4-081858 –Duplex filter effect on UL power control) which the baseband and RFIC/PA will need to compensate via an internal power to maintain the same transmit power. 
Since the requirement for power accuracy cover the case of; all operating bands, all channel bandwidths and all channel locations we need to consider the more difficult bands. For the most difficult bands, like Band 2, 8, 12, 13, 17, etc the proximity of the Rx and the Tx bands forces will maximize the slope of the filter roll-off. The band spectrum non -flatness is principally at the edges of the band, near the roll-off region. Figure 2.2-2 shows the RF duplex filter variations is in the order of [±1.4] dB over normal conditions (exclude impact of PA/duplexer mismatch) and temperature assuming  5 MHz channel bandwidth.
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Figure 2.2-2; Band 8Duplex filter spectrum flatness
Note the blue area is the filter performance due to manufacture and does not include impact of temperature which will cause the filter to drift depending on the temperature coefficient for the filter 
A Tx pre-filter or inter stage filter these also contribute some attenuation at the band edge.  Figure 2.2.3 shows the spectrum flatness for the inter-stage or pre-duplex filter for Band 2 is in the order of 0.6dB to 0.9dB assuming a 5 MHz channel bandwidth. 
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Figure 2.1-2; Band 2 inter-stage or RF pre-duplex filter spectrum flatness
The baseband filter will also add additional droop at the band edge –we estimate this could greater than 0.5 dB
In this case the RF spectrum flatness response which is the composite or total filter response of the transmit chain would be baseband [0.5] dB + inter-stage [0.6-0.9] dB + duplex [1.4] dB. If no inter-stage filter is used, than this will reduce the total spectrum flatness requirement 
2,3

Impact of power error due to calibration 
A change in RB location or transmission gap will require the baseband/ RFIC/ PA to adjust the transmit power based on some internal calibration tables for low dynamic ranges and on internal calibration tables AND measured power at maximum power values. In case we the note the accuracy is improved at high maximum power and this is also seen in the requirements for PCMAX 

In WCDMA, you do not need to compensate for a ~ ±3.0dB RF spectrum flatness requirement.  Hence the reference calibration value would be the same before and after a change in transmission configuration. However to take into account the power error in targeting the same calibration reference point a 0.5dB tolerance is allowed in the specification. 
In LTE due to change in spectrum flatness (±3.0dB) we would need to define two calibration point since the calibration point would need to be offset to account for spectrum flatness and hence we would expect the power error due to calibration would be worse than  ±0.5dB
3.0
Conclusion
Currently the relative tolerance requirements for 0 dB power step is [±2] dB. Since the requirements is agnostic in terms of operating bands and channel bandwidth the requirements will need to be based on the more difficult bands and channel bandwidth. 
In our analysis we consider the case of Band 8 and Band 2 in terms of RF spectrum flatness. We note in the example provided the following observations;
· ±1.4dB spectrum flatness due to RF duplex filter for a 5MHz channel 

· ±0.6-0.9 dB spectrum flatness due to a RF inter-stage  filter if employed
· ±0.5 dB spectrum flatness due to a BB  filter at channel edge 

· >±0.5dB error due to calibration 

Hence for a 0 power change we would expect a power step tolerance of >± [3.0-3.6] dB for a zero power step change. 
We note this is a minimum requirement, and would expect UE performance would be significantly better when the spectrum flatness is better i.e. operating in less difficult bands or channels away from the edge. However in order to take account of this mitigation we would need to specify a power tolerance value for each operating band and channel which would be overtly complex and/or some confidence factor to take into account the sum of the different tolerances. 












