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1 Background
In this paper we discuss the various output power dynamic requirements and the relation between these. Each of these requirements is dependent on the test methodology so it is relevant to discuss these for each case. Before looking at the power dynamics we consider the applicability of the maximum power requirement, and proceed to propose tolerances for the configured transmitted power. These tolerances are also related to allowed power reductions such as A-MPR. A companion CR covering the applicability of the maximum power requirement and tolerances for the configured output power is supplied in [1].

2 How to measure output power?
2.1 Maximum power
We first recall the definition of the output power in [2]:
“[…] The power is the broadband transmit power of the UE, i.e. the power in the channel bandwidth (clause 5.2) of the radio access mode. The period of measurement shall be at least one sub frame (1ms).”
This is valid for any RB allocation within the maximum transmission configuration of the specified bandwidth in any operating band, this means that the RB is at most separated about 150 kHz from the operating band edge (for the 1.4 MHz bandwidth). 

The requirement on any RB allocation implies that there is an inconsistency with the spectral flatness specification for small RB allocations (see Table 1): sweeping the bandwidth using a frequency tone and should the variation actually be ±2 dB as allowed by the flatness condition, the entire tolerance will leave no room for anything else other than filter ripple in the factory calibration process. A technique available to overcome this calibration problem is averaging a number of measurements of small RB allocations (e.g. 1 RB across the channel bandwidth as suggested in [3]. However, this may lead to a complicated (component) specification of the maximum power and some requirements like ACLR would be relaxed, so we propose to abandon this route. 
 Table 1 (Table 6.5.2.4.1-1 in [2]): 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



Now, in practice, the filter ripple is smaller than ±2 dB (sweeping a CW) for all available bands at least for normal test conditions (NTC), also for e.g. Band 8 that has a challenging duplex arrangement. Figure 1 shows such a TX duplex filter response measured by sweeping a CW tone. 
[image: image1.emf]
Figure 1: a Band 8 TX duplexer measured at ambient temperature.
Measurements in ETC (extreme test conditions with temperature range –10 C – +55 C) will reveal an increased ripple at the band edge, the duplexer characteristics for SAW filters is shifted downwards in frequency as the temperature increases; the temperature coefficient is around -20 ppm/K. The p-p filter ripple is typically increased by 2 dB in these conditions. 
The spectral flatness requirements specify looser limits in zones 3 MHz (5 MHz) away from the operating band edges for NTC (ETC). The region of increased filter ripple depends on the relative bandwidth 


2*(FUL_high - FUL_low) / (FUL_low + FUL_low),
and the absolute frequency change of the temperature drift of SAW filters is in the neighbourhood of ±2 MHz up to 3 GHz for the ETC range. We therefore propose to use exception regions in zones tentatively 3 MHz away from the band edges for ETC tentatively, the final number or relation being FFS. For TDD there is no duplexer and hence there is no need for a relaxation at extreme conditions.
Given the typical duplexer filter ripple, it is therefore proposed that 
1. the output power requirements in Table 6.2.2-1 are applicable for any allocation within the maximum transmission configuration (Table 5.6-1) and NTC
2. for allocations confined either below FUL_low + 3 MHz or above FUL_high – [3] MHz a relaxation of the lower tolerance limit by [2] dB is allowed for FDD under ETC
This implies a tolerance of +2/-4 dB for allocations confined (i.e. completely contained) within ranges of 3 MHz from the operating band edges. For larger allocations in these, e.g. for a 3 MHz channel allocated at the operating band edge, the integrated output power will still be contained within a more narrow range also under ETC. Let WCDMA supply an example: Figure 2 is an excerpt from a duplexer specification [4] for a Band 8 duplexer (TX to antenna). The ripple is specified by integrating the filter response across the WCDMA RRC filter (about 4 MHz bandwidth), and this smoothing effect means that the variation of the insertion loss (effect of ripple) is less than 1 dB as compared to that typical at ambient. Note that the WCDMA output power at nominal should always be confined to a 4 dB interval (+1/-3 dB) also for ETC.
[image: image2.emf]
Figure 2: Band 8 TX duplexer specification [4].
If new operating bands for which the duplexer arrangements (ratio between separation and gap) are more complicated than those specified in Table 6.2.2-1 [2], band-specific requirements for the maximum output power can be applied. The table is already band-specific.
Finally we note that, it may not be necessary to test maximum power all bandwidths per operating band. However, ACLR must be measured for all bandwidths specified per operating band, and this measurement is typically made at maximum output power (limits the latter besides SAR and spurious emission). 
3 Configured transmitted power

The transmitter chain with its PA is normally well calibrated at maximum power for the rated Power Class to due to SAR and spurious emission requirements, but the accuracy of the actual power is degraded as the nominal power is reduced. This should also be reflected in the tolerance for the configured transmitted power PCMAX. 
The measurement of maximum power is done over a slot, and normally carried out by sending repeated UP commands to the UE until the maximum is reached. The configured output power should be tested in same way given a certain signalled configured PMAX and RB allocation. The power control equations for PUSCH and PUCCH are
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UP commands are sent via f or g until the right argument reaches the configured PMAX so the PL estimation error is irrelevant here and we only deal with a power setting problem (including possible measurements in the transmitter).
Now, the tolerance for configured power at levels smaller than the maximum power (23 dBm) should be consistent with the power-step accuracy, for which it is assumed that the PL stays constant during the power step. Now, the configured transmitted power should be measured for any fixed RB allocation and the filter ripple should be captured within the ±2 dB tolerance for the maximum power except at the band edges for ETC. This suggests using as a basis the WCDMA specification for TFC change that does not allow any relaxations for filter variations, the requirement from [5] is shown in Table 2:
Table 2 (Table 6.8 in [5]): Transmitter power step tolerance [WCDMA]

	Power step size (Up or down)

P [dB]
	Transmitter power step tolerance [dB]

	0
	+/- 0.5

	1
	+/- 0.5

	2
	+/- 1.0

	3
	+/- 1.5

	4 ( Δ P (10
	+/- 2.0

	11 ( Δ P (15
	+/- 3.0

	16 ( Δ P (20
	+/- 4.0

	21 ( Δ P
	+/- 6.0


Next, let tP denote the modulus of the transmitter power step tolerance for a power step P. If we assume any UE power in the range 23 dBm ± 2 dB, then a negative power step -P should produce an output in the range
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according to the WCDMA power-step accuracy in Table 2, and this suggests a tolerance of ±(2 + tP) dB at the nominal power 23 - P dBm. 

For allocations confined to the 3 MHz range at the operating band edge, a relaxation of the lower tolerance limit of 2 dB should be allowed just as for the maximum output power. The resulting tolerances for configured power are shown in Table 3; see also the CR in [1].
Table 3: PCMAX tolerance for Power Class 3

	PCMAX [dBm]
	Tolerance [dB]
	Tolerance [dB] (Note 1)

	23
	(2
	+2/-4

	22
	(2.5
	+2.5/-4.5

	21
	(3
	+3/-5

	20
	(3.5
	+3.5/-5.5

	13 ≤ PCMAX < 20
	(4
	+4/-6

	8 ≤ PCMAX < 13
	(5
	+5/-7

	3 ≤ PCMAX < 8
	(6
	+6/-8

	-40  ≤ PCMAX < 3
	+7 /-8
	+7/-10

	NOTE 1:  applies for FDD and allocations confined either below FUL_low + 3 MHz or above FUL_high – 3 MHz for extreme conditions 


Increasing the power by the same amount P one must make sure that the resulting power level does not exceed the maximum power 23 dBm + 2 dB.
4 Consistency with allowed power reductions
The maximum power requirement is applicable for any RB allocation within the channel bandwidth, but for large allocations a power reduction is allowed in order to meet the ACLR or additional deployment-specific requirements, specified as MPR or A-MPR. In the conformance test specifications, the particular allowed power reductions are provided in terms of reduced nominal power levels with the tolerance adjusted downwards. Table 4 shows an example for simultaneous Speech and HS-DPCCH for which a 1-2 dB power backoff (CM) is allowed. The nominal power is reduced according to CM, the lower tolerance limit follows that for the maximum power (+24 dBm +1.7/-3.7 dB with a 0.7 dB test tolerance) and the upper is adjusted so that the maximum 24 dBm + 1.7 dB is reached for it should of course be allowed to meet the ACLR and spectrum mask without employing any relaxation. 
Table 4 (Table 5.2A.2 in [6]): Maximum Output Powers with HS-DPCCH for test
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	Power Class 3
	Power Class 4

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	(c /(d  = 2/15, 12/15
	+24
	+1.7/-3.7
	+21
	+2.7/-2.7

	(c /(d  =  15/8
	+23
	+2.7/-3.7
	+20
	+3.7/-2.7

	(c /(d  =  15/4
	+22
	+3.7/-3.7
	+19
	+4.7/-2.7

	Note:
For the purpose of the test ∆ACK, ∆NACK and ∆CQI = 30/15 with [image: image9.wmf]hs

b
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For LTE the allowed power reductions can be large, e.g. the A-MPR for satisfying Band 13 unwanted emission requirements. The tolerance for any allowed MPR or A-MPR should be consistent with the configured transmitted power. The reduced nominal power level should have the same lower tolerance limit as the corresponding configured power. An example: given A-MPR = 10 dB then the nominal power is 13 dBm and according to the corresponding entry in Table 3 the tolerance is then +12/-4 dB (no test tolerances). A tolerance of +12/-2 dB would have implied increased factory calibration.
5    Absolute accuracy and path loss estimates
System simulations [7] have shown the need for tighter absolute requirements for PUCCH code-multiplexed transmission: initial transmissions are more common in LTE and the PUCCH capacity will be significantly degraded if the WCDMA absolute tolerance with an additional 1.5 dB margin for filter ripple is adopted (now tentative in [2]). 

The absolute requirement is complementary to those discussed above; it applies for any output power above the minimum. Contrary to the case for configured output power, the PL estimation accuracy must now be accounted for. The accuracy depends on the corresponding RSRP accuracy; see Table 5 from [8]. 
For WCDMA the absolute requirement is not dimensioning, and a 2 dB tightening of the current working assumption in [2] should be possible for Rel-8 (Table 6). These type of requirements are often difficult to tighten in later releases should problems in live networks occur. 
By and large, the inaccuracy of the UE absolute power level is due to a PL estimation error and a power setting error given this estimate. At low SNR levels the path loss estimate is biased, but under these operating conditions (often far from the serving site), the requisite UE output power level is higher and this error normally smaller on the other hand, so not worst cases piled upon each other. Furthermore, in the test configuration for WCDMA in [6], open loop power accuracy is tested for downlink power levels down to REFSENS under AWGN conditions. In practice the channel is frequency selective. For FDD with its duplex separation this implies non-reciprocity (for TDD it is reciprocal but the interference may be different at the base station), and the downlink PL estimate used to set the uplink power will be more unreliable. Hence, assuming that the corresponding test case for LTE is likely to use AWGN for test accuracy, it is reasonable to have some design margin to the accuracy suggested by the RSRP accuracy in Table 5 below.  
Table 5 (Table 9.1.2.1-1 in [8]: RSRP Intra frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7, 11, 17
	Bands 3, 8, 12, 13, 14
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( -6 dB
	dBm
	(6 
	(9
	 -121dBm/15kHz … -70dBm/ BWChannel
	-119dBm/15kHz … -50dBm/ BWChannel
	-118dBm/15kHz … -50dBm/ BWChannel
	-120dBm/15kHz … -50dBm/ BWChannel

	RSRP for Ês/Iot ( -6 dB
	dBm
	(8
	(11
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ 119dBm/15kHz … -50dBm/ BWChannel
	-70dBm/ 118dBm/15kHz … -50dBm/ BWChannel
	-70dBm/ 120dBm/15kHz … -50dBm/ BWChannel

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


Table 6  Ericsson proposal absolute accuracy for LTE

	Conditions
	Tolerance

	Normal conditions
	± 8.5 dB

	Extreme conditions
	± 11.5 dB
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