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1    Background 
This document is a slightly modified version of [1] to raise the issue of an inconsistency between the power tolerance and spectral flatness requirements. This should be accounted for when devising the method for testing maximum output power. 
2    Discussion

2.1    Current method for specifying UE Maximum Output Power

The method outlined in [2] Clause 6.2 characterizes the recommended UE Maximum Output Power performance for an arbitrary transmission bandwidth allocation scheme (and QPSK modulation) as shown in Table 1 (shortened).
Table 1  UE Power Classes

	E-UTRA Band
	Class 1

(dBm)
	Tolerance

(dB)
	Class 2

(dBm)
	Tolerance

(dB)
	Class 3

(dBm)
	Tolerance

(dB)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	
	

	2
	
	
	
	
	23
	(2
	
	

	3
	
	
	
	
	23
	(2
	
	

	...
	
	
	
	
	…
	…
	
	

	39
	
	
	
	
	23
	(2
	
	

	40
	
	
	
	
	23
	(2
	
	

	Note

The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support  5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS


A Maximum Power Reduction (MPR) is specified as shown in Table 2 in order to mitigate PA nonlinearity effects (ACLR) due to increased PAR of the transmitted signal originated by a higher Transmit Bandwidth allocation. FDD and TDD shall deploy the same method.

Table 2 Maximum Power Reduction for Power Class 3

	Modulation
	Channel bandwidth / Transmission bandwidth configuration [RB]
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


In addition, values for an Additional Maximum Power Reduction scheme are defined in [2] for dedicated Network Signalling (NS) values, which could gives an additional maximal MPR of several dBs on top of this (A-MPR), but these details are not discussed here.
Both tables, Table 1 and Table 2, are used to specify generic requirements of the reference measurement channels in the uplink [2]. These are used to define and applicable measurement procedure for the UE Maximal Power, but how to cope with the spectrum flatness parameter? 

The Spectrum flatness requirement under normal conditions is shown in Table 3. 
Table 3: Minimum requirements for spectrum flatness (normal conditions)

	Spectrum Flatness 
	Relative Limit (dB)

	If FUL_measurement  -  FUL_low ≥ 3MHz

and

If FUL_high -  FUL_measurement  ≥ 3 MHz
	+2/-2

	If FUL_measurement  -  FUL_low < 3 MHz

or

If FUL_high -  FUL_measurement  < 3 MHz
	+3/-5

	Note

1. FUL_low and FUL_high refers to each E-UTRA frequency band specified in Table 5.2-1
2. FUL_measurement  refers to frequency tone being evaluated



The spectral flatness performance is defined in a generic manner across the subcarrier of all RBs of the allocated UL blocks and thus valid for any transmission bandwidth allocation scenario within the operating band of interest and whatever output power. With respect to the actual UE transmission power, the required in-band accuracy due to spectrum flatness shall be in the order of ±2 dB for mid band and becomes asymmetrical (+3/-5dB) at both edges. This shall be valid at maximal UE output power too and this is where a particular a problem occur.
Taken stand alone, each of the specified measurement procedures are applicable and reasonable. However, with respect to potential product application we may run into a severe problem, because the allowed variation of UE output power is fully compensated (eaten up) by the specified maximal spectral flatness. In result during the manufacturing the required maximal UE output power alignment procedure needs to be extremely accurate, because, assuming the occurrence of ±2 dB pass band ripple in application, there is no margin any more for potential measurement inaccuracies. In Figure 1 the problem is illustrated.
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Figure 1 Inconsistency between Spectrum flatness and allowed maximal UE Output Power
The worst case occurs if the alignment of max UE output power is by chance performed at the minimum allowed spectral flatness. The maximal spectral flatness value could be up to 4 dB higher. Finally the maximal UE output power could be 2 dB out of spec in worst case with respect to the wanted 23 dBm ± 2 dB. In other words, the allowed uncertainty during manufacturing is:

Allowed uncertainty = spectrum flatness – duplex ripple = 4 dB – x dB
3   Proposal
One way to resolve this is to modify the definition how to determine the maximal UE Output Power in a manner that a mean maximal UE output power is determined across the operating band. The UE output power is the mean value (averaging) of all particular UE power measurements performed at maximal UE power for certain active RB, which sequentially changes its allocation across the frequency band, except for a 3 MHz guard band at band edges. This value shall be complying with the value specified in Table 6.2.2-1, the UE Power Classes in [2].
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