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1
Introduction
In the recent RAN4 meetings, there have been a lot of discussions regarding the issue how accurate UE could control transmission power. Some studies indicated that power tolerance would be increased due to RF filter variations [1, 2]. This contribution presents our studies on the RF filter variations, and discusses how the test cases for the maximum transmission power should be specified.
2
Background
As discussed so far, power tolerance in LTE would be larger than that in WCDMA due to some aspects, such as LTE transmission bandwidth changes, RF filter variations, and large power changes. In the case of UE maximum transmission power, however, the power tolerance in LTE should be the same as one in WCDMA, i.e. the maximum transmission power tolerance must not be relaxed. This is due to:
a) If the upper limit of the maximum transmission power would be increased i.e. the transmission power would be larger than 25 dBm (23 dBm + 2 dB), it would impact SAR and EMC requirements. It is noted that the requirements concerning the upper limit of the maximum transmission power tolerance were derived from the regulatory requirements.
b) If the lower limit of the maximum transmission power would be decreased i.e. the transmission power would be smaller than 21 dBm (23 dBm – 2 dB), it would impact LTE cell coverage. It implies that the -2 dB power tolerance should be maintained in case of narrow bandwidth allocations, because cell edge users, whose transmission power would be high, would transmit uplink signals with small transmission bandwidth to improve received SIR in BS. Furthermore, cell coverage of PUCCH and PRACH, in which the number of RBs is 1 and 6, respectively, would also be quite important from a system performance point of view. It is also noted that the requirements concerning the lower limit of the maximum transmission power tolerance should be the regulatory requirements in some regions.
Therefore, it is proposed that “+/– 2 dB power tolerance” should be maintained in case of the maximum transmission power and narrow bandwidth allocations.
Proposal 1: “+/– 2 dB power tolerance” should be maintained in case of the maximum transmission power and narrow bandwidth allocations

3
Measurement results

This section presents frequency response measurement results in order to verify whether Proposal 1 should be feasible or not. In this study, we measured three TX filters: 
· Band 1 TX filter (Filter A)

· Band 1 TX filter (Filter B)

· Band 5 TX filter (Filter C)
Furthermore, we verified the TX filter behaviours with two types of settings, i.e. one in which some factory calibrations were conducted in order to compensate filter ripple and the other in which no calibrations were conducted. It is noted that such factory calibrations are usually conducted for commercial mobile terminals. To verify the power tolerance in case of narrow bandwidth allocations, we made measurements in case of 1 RB and 8 RB allocations. It is noted that 8 RB allocations is the largest RB allocations without any MPR for 5 MHz channel bandwidth (See Table 6.2.3-1 in TS 36.101 [3]).
It is noted that VSWR is assumed to be 1 in the measurements because it is a conductive test. Effects of VSWR would be discussed when TRP for LTE UE are discussed in the future.

Figure 1-4 present frequency measurement results for Filter A.
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Figure 1 Filter A (w/o compensation for filter ripple, 1 RB allocations)
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Figure 2 Filter A (w/o compensation for filter ripple, 8 RB allocations)
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Figure 3 Filter A (w/ compensation for filter ripple, 1 RB allocations)
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Figure 4 Filter A (w/ compensation for filter ripple, 8 RB allocations)
Figure 5-8 present frequency measurement results for Filter B.
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Figure 5 Filter B (w/o compensation for filter ripple, 1 RB allocations)
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Figure 6 Filter B (w/o compensation for filter ripple, 8 RB allocations)
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Figure 7 Filter B (w/ compensation for filter ripple, 1 RB allocations)
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Figure 8 Filter B (w/ compensation for filter ripple, 8 RB allocations)
Figure 9-12 present frequency measurement results for Filter C.
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Figure 9 Filter C (w/o compensation for filter ripple, 1 RB allocations)
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Figure 10 Filter C (w/o compensation for filter ripple, 8 RB allocations)
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Figure 11 Filter C (w/ compensation for filter ripple, 1 RB allocations)
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Figure 12 Filter C (w/ compensation for filter ripple, 8 RB allocations)
Table 1 summarises the power tolerance for Filter A, B, and C. Findings from the measurement results are listed in the following:

· Irrespective of the factory calibrations for filter ripple compensation, “+/– 2 dB power tolerance” would be feasible.
· The factory calibrations for filter ripple compensation could improve the transmission power accuracy. Therefore, it is recommended that these calibrations should be conduced in LTE UE in order to achieve better cell coverage.

· Errors due to frequency ripple and temperature effects don’t play a big roll from a power tolerance point of view. It indicates that the maximum transmission power accuracy in LTE could be the same as that in WCDMA.
Table 1 Summary of Frequency response measurements

	Filter
	Number of RBs
	Calibrations for filter ripple compensation
	Errors due to frequency ripple and temperature effects
	Errors due to other factors
	Total errors

	Filter A (Band 1)
	1
	Off
	+/– 0.3 dB
	+/– 1.33 dB
	+/– 1.63 dB

	
	8
	Off
	+/– 0.3 dB
	+/– 1.33 dB
	+/– 1.63 dB

	
	1
	On
	+/– 0.23 dB
	+/– 1.33 dB
	+/– 1.56 dB

	
	8
	On
	+/– 0.23 dB
	+/– 1.33 dB
	+/– 1.56 dB

	Filter B (Band 1)
	1
	Off
	+/– 0.65 dB
	+/– 1.33 dB
	+/– 1.98 dB

	
	8
	Off
	+/– 0.65 dB
	+/– 1.33 dB
	+/– 1.98 dB

	
	1
	On
	+/– 0.22 dB
	+/– 1.33 dB
	+/– 1.55 dB

	
	8
	On
	+/– 0.20 dB
	+/– 1.33 dB
	+/– 1.53 dB

	Filter C (Band 5)
	1
	Off
	+/– 0.50 dB
	+/– 1.33 dB
	+/– 1.83 dB

	
	8
	Off
	+/– 0.45 dB
	+/– 1.33 dB
	+/– 1.78 dB

	
	1
	On
	+/– 0.20 dB
	+/– 1.33 dB
	+/– 1.53 dB

	
	8
	On
	+/– 0.15 dB
	+/– 1.33 dB
	+/– 1.48 dB


4
Test cases for Maximum transmission power
In the recent RAN4 meetings, LTE UL reference measurement channels were discussed and agreed [4-6]. Reference measurement channels for UE maximum output power are summarized in Table 2.
Table 2 Reference measurement channels for UE maximum output power
	36.101 Section
	Requirements
	Full RB
	Partial RB allocation
	Single RB (Band edge)
	Note

	6.2.2
	UE Maximum Output power
	QPSK
	
	
	

	6.2.3
	UE Maximum Output power, Mod / Ch BW
	QPSK

16-QAM
	QPSK

16-QAM

Partial UL allocations:

1.4MHz: 5/6

3MHz: 4/15

5MHz: 8/25

10MHz: 12/50

15MHz: 16/75

20MHz: 18/100
	
	Full MPR coverage requires specific number of RBs




The current reference measurement channels don’t cover 1 RB allocation scenario, although 1 RB allocation scenario is the most important from a cell coverage point of view as discussed above. Therefore, it is felt that test cases for UE maximum output power should be specified in single RB allocation scenarios.
Looking at Table 1, on the other hand, the power tolerance difference between 1 RB cases and 8 RB cases is quite small, which means that it would be redundant to specify test cases for both single RB and Partial RB allocations. It implies that UE maximum output power should be tested either in single RB allocations or in partial RB allocations to reduce the number of tests. 
Based on the above analysis, it is proposed that UE maximum output power for narrow bandwidth allocations should be tested either in the current partial RB allocations or in single RB allocations with +/– 2 dB power tolerance.
Proposal 2: UE maximum output power for narrow bandwidth allocations should be tested either in the current partial RB allocations or in single RB allocations with +/– 2 dB power tolerance.
5
Conclusions

This contribution presents our studies on the RF filter variations. Frequency response measurement results indicate that “+/– 2 dB power tolerance” would be feasible, and therefore it is proposed that +/– 2 dB power tolerance should be maintained in case of the maximum transmission power and narrow bandwidth allocations. Test cases for UE maximum transmission power were also discussed, and it was concluded that UE maximum output power for narrow bandwidth allocations should be tested either in the current partial RB allocations or in single RB allocations with +/– 2 dB power tolerance.
Our proposals are summarized below:
Proposal 1: “+/– 2 dB power tolerance” should be maintained in case of the maximum transmission power and narrow bandwidth allocations

Proposal 2: UE maximum output power for narrow bandwidth allocations should be tested either in the current partial RB allocations or in single RB allocations with +/– 2 dB power tolerance.
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