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Introduction
Even though the relative power control tolerance has been agreed, the definition of the relative power control tolerance is not crystal clear. In this contribution we highlight some of the problems that we have encountered and would like to discuss.
Power control overview
In figure 1 we outline the power setting process in an LTE UE. The filled boxes are functions that are likely to be performed in a typical UE. In addition there is a shaded box for reference that represents the behaviour of an ideal UE.
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Figure 1. Schematic overview of the power setting process in a UE. In addition the process models the pathloss estimation and power setting errors.

PLREAL is the actual pathloss, i.e the difference between the signal power available at the Rx antenna connector and the (configured) transmitted power of the reference symbols from the BS. For the purpose of this contribution we assume that the power setting error in the BS is 0 dB. Although this is not true for a practical BS this is almost the case for a good signal generator.
The UE estimates/measures the PL and there will be an error in this estimate (εPL). How the PL is to be estimated is described in TS 36.213 in section 5.1.1.1:

· PL is the downlink pathloss estimate calculated in the UE in dB and PL = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [5] and the higher layer filter configuration is defined in [11]
Note that PL is a filtered measurement and thus it varies slowly. The accuracy of PL is defined in TS 36.133 in Table 9.1.2.1-1. The accuracy is ±6 dB up to powers of -70 dBm and (8 dB for higher powers.

The filled box labeled “P calc 36.213” represents the calculation the UE performs to determine the power that it should set the output power to: PCALC. The equation in section 5.1.1.1 of TS 36.213 is used for calculating the PUSCH transmit power and it looks like this:
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The corresponding equation for the PUCCH transmit power can be found in section 5.1.2.1:
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Without going into details of the equations there are some components worth mentioning. The idea is to keep the received power spectral density (PSD) constant, so for PUSCH the power is compensated for changing RB allocation, this is the MPUSCH(i) term. The f(i) and g(i) terms represent the power control commands sent to the UE, e.g. sending TPC=+1 would increase f(i) with 1 if the UE is configured to accumulate TPC commands, and would set f(i) = 1 if the UE is configured in absolute mode (it is a little bit more complicated than this, the interested reader is referred to the specification, there is for example a processing delay to consider). The other parameters are configured by higher layers and can thus be considered constant for the purpose of this paper.
The UE uses the appropriate calculation to calculate its power, depending on exactly which channel that will be transmitted next. For comparison purposes we can also calculate Pideal, i.e. the power that the UE would transmit at if there were no errors.
Finally the UE uses PCALC to set the output power at the antenna Tx connector. Depending on output power, temperature, filter variations etc. the error is large or small. All these errors we model by εPset. The actual output power on the Tx antenna connector is Pout and this power is measurable.
Ideal response to a power control command
There is an interesting ambiguity in the interpretation of how the UE should respond to a PC command. Consider the power setting process in figure 2. 
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Figure 2. Output power as a response to a “-1dB” TPC command received by a UE. The PL is assumed to be constant. Two different interpretations of power step ΔP and the resulting error is shown.
At T0 the UE starts transmitting. It has estimated the PL with an error. This PL estimate is used to calculate PCALC, which is used to set the output power. Due to errors in the power setting on the PA the output power finally becomes Pout. For reference we also plot Pideal, i.e. the power a UE without any errors would transmit at. At T1 the UE has not received any power control commands and here is one interesting possibility for different interpretations:
In alternative A we assume that the UE should stay at the power it had previously if it does not receive any power control commands. At T2 the BS has discovered, be measurements, that the UE power is too high and sends a “-1” command to the UE. At this time PCALC and Pideal is decreased by 1 dB since the values to the power control equation has changed. Note that we have assumed there is no change in PL estimation. The UE then react by changing Pout with a negative step which is -1 dB plus an additional tolerance specified in 36.101. With this interpretation ΔP in the specification means something like “signaled change from previously transmitted power level”.
In alternative B we assume that the UE in addition to reacting to power control commands also tries to converge to PCALC by compensating the power setting error. Note that the PL estimation error is unknown for a UE. The interpretation of ΔP in the specification should then be “power control commands plus UE power setting errors in the current output power”. Again we have assumed there is no change in PL estimation as in alternative A. This can be seen in the steps that the UE makes and that finally should converge to approximately PCALC. 
For example assume that the difference between Pideal and Pout is 8.5 dB at a given instant, which includes both PL estimation error and power setting error. If we assume the PL estimation is updated and the estimation error is small/negligible after several subrames, which is most likely be true in practice. The total power error should be then reduced to less than 4 dB in the next subframe, in that subframe the actual error becomes 3.2 dB. After that, the table then dictates that the error in the next subframe should be less than 3.5 dB and so on. Eventually the error converges to less than 3 dB. If a power control command is received PCALC takes a step and thus the UE should converge at a new power level and the process starts again.
Table 1. Excerpt from Table 6.3.5.2.1-1 in TS 36.101

	power step size (Up or down)
	PUSCH/ PUCCH

	ΔP [dB]
	[dB]

	0
	±2.5

	1 ≤ ΔP < 2
	±2.5

	2 ≤ ΔP < 3
	±3.0

	3 ≤ ΔP < 4
	±3.5

	4
	≤ ΔP ≤
	10
	±4.0

	10
	< ΔP ≤
	15
	±5.0

	15
	< ΔP 
	
	±6.0


Finally we should note that we have only discussed power control commands and PL in this section, but it can easily be seen in the power control equations that a change in resource block allocation or configuration change gives the same impact on PCALC as a power control command and thus the reasoning in this section can easily be extended to the general case.
Comparison of the different interpretations
In this section we list various advantages of the two approaches.

Advantages for alternative A:

· “Intuitive”. When the UE is asked to do a +1 step it should increase its output power with 1 dB, assuming there is no change in other parameters including PL estimation. This is also the way the requirement is stated for WCDMA and the 36.101 specification was written with WCDMA power control in mind.
· Easier to test since PCALC is not used in the test. It is difficult to determine PCALC since that is an internal UE value. It can be made available by configuring the UE to report RSRP, but it adds complexity to the test.

· Better performance for the inner power control loop. It is easier to control a UE that does what it is told. If the BS tells the UE to go down 1 dB it will try to do that with this alternative. For alternative B the UE actions will also depend on the current UE output power errors. 
· More accurate power control since there is less uncertainty in the UE behavior.

· The relative tolerances are tighter than the absolute tolerances. Thus the UE should be able to achieve better accuracy when the inner loop power control is running.

Advantages for alternative B:

· Simply follows the equations in 36.213.

· The power error can be corrected faster than in alternative A, which depends on the inner power control loop. There is a delay in the signaling, processing etc, which results in slower loop response. 
· Reduced DL TPC command signaling, since the UE takes part of the responsibility for power error correction. 

· There is no need to make a separate requirement to limit drift in the PA power setting. For alternative A as long as the inner loop power control is running, Pout will be kept within reasonable limits, but the difference between PCALC and Pout can become large. This cannot happen for case B when there is a limit on the allowed difference. 
Discussion

Exactly how to interpret the requirements is not simple to determine. If we believe the inner loop power control is essential for the correct operation of LTE we should probably prefer alternative A.
If we think the typical UE will be reasonably good at PL estimation and at setting the output power we should go for alternative B. Also if we believe that rapid updates of the UE power is important we should prefer alternative B.
Judging from the agreed values for tolerances for RSRP and the absolute power control requirements in 36.101 it seems unlikely that the UE will be able to achieve much tighter tolerances in the order of tens of milliseconds. Thus it is clear that inner loop power control is an essential component of LTE.
Drift, i.e. the difference between Pideal and Pout accumulates over time, can occur using alternative A. Notice that Pideal includes power control commands sent to the UE, so it is not as bad as it sounds. However drift is probably not a problem in practical implementations if the rate that the UE drifts can be limited. Limiting drift can for example be done using requirements on aggregate power control.
Conclusions

In this contribution we have highlighted some of the problems inherent in the UE power control area. We believe the inner loop power control to be an important part of an LTE system and would prefer setting the requirements so that the BS can achieve good control of the UE.
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