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1. Introduction 

In a meeting #52 RAN4 received an LS [1] from RAN5 concerning the testing of LTE relative power tolerance specified in [2]. 

The LS had a following sentence “TSG WG RAN5 kindly asks TSG WG RAN4 to keep in mind the current RAN5 power test patterns approach (see Figure) when discussing/defining possible minimum requirement exceptions.” referring to number of exceptions that are still TBD.
There have been several contributions proposing the number of exceptions and latest of those is [3]. This contribution was noted with the remarks that number of exceptions is ambiguous without relating test pattern. Now RAN5 has specified this test pattern in [4].
2. Discussion
2.1. R
5-093414

The relative power tolerance test pattern proposed in [4] is roughly sketched in Figure 1 below where the red line represents UE output power as a function of time in 20 MHz bandwidth test case. UE behavior in a figure is assumed to have good power accuracy so no tolerances are drawn into picture to make it simpler. 
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Figure 1 LTE relative power tolerance test proposed  in R5-093414
Test consists of 6 subtests A-F. Each sub-test category tests one line from the relative power tolerance table 6.3.5.2.1-1 from [2] which corresponds to a certain power step size range having specific tolerance.

This test procedure restricts UE output power to a fairly limited part of the UE dynamic range. So the need for exceptions because of RF power amplifier mode changes is not that big as it would be if we would do the test over the whole 63 dB dynamic range. 

If we further consider that sub-test F has already the same tolerance ±6 dB as is proposed for exceptions and that sub-test E has ±5 dB tolerance which is almost the same as is proposed for exceptions we can notice that the dynamic range under sub-tests A-D is only 6 dB. We feel that there is no need to have exceptions in specification for this narrow dynamic range.
It is of course so that without a proper design the power amplifier mode change could happen in the window of ~0 - -6 dBm and with sub-tests A-D UE could potentially fail but we will also think that if this test is taken into use the UE designs will be such that there won’t be PA mode changes in this 6 dB window.
2.2. Consideration of expanding the test dynamic range

We would like to initiate a discussion on RAN4 wheatear the test should cover larger dynamic range similarly that is done in WCDMA test specification [5]. Figure 2 is the specified test pattern for WCDMA taken from [5].
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Figure 2 Current WCDMA test pattern Figure 5.4.2.4 Inner Loop Power Control Test Steps
One alternative to expand LTE relative power tolerance coverage would be to modify the sub-test A to be similar that is currently specified for WCDMA. Sub-test A would be fairly easy to modify because it already utilizes TCP commands 0/1 similarly as is done in WCDMA tests.
For sub-tests B-F we recommend that current tests procedures are kept as those are. Reasoning behind this is that in those tests the output power change is done by alternating the allocation size instead of using TCP commands hence it would be difficult to have a test procedure which covers the whole dynamic range.

Proposed new test pattern is sketched in Figure 3.
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Figure 3 Proposed new test pattern foe better test coverage
For the proposed new sub-test A the exceptions are needed because the whole dynamic range is tested and the power amplifiers will utilize mode changes by switching on and off different gain stages. However we propose that the exceptions are defined in the test specification [6] under sub-test A and only giving this relaxation to that particular sub-test.

3. Conclusions

We propose that the sub-test A in [4] is modified to cover full UE dynamic range and for that given sub-test two ±6 dB exceptions are defined in test specification [6]. This should be communicated in LS response to RAN5. If it seen that that exceptions must be defined in core specification then following modification is proposed to UE core specification [2].
*********** Start of changes *********

6.3.5.2
Relative Power tolerance

Relative power tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted sub-frame if the transmission gap between these sub-frames has been ≤ 20 ms.

In the case of a PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1
6.3.5.2.1
Minimum requirements

The requirements specified in Table 6.3.5.2.1-1 apply when the power of the target and reference sub-frames are within the power range bounded by the Minimum output power as defined in subclause 6.3.2 and the measured PUMAX as defined in subclause 6.2.5 (i.e, the actual power as would be measured assuming no measurement error). This power shall be within the power limits specified in subclause 6.2.5. When the total power range is tested by changing the output power monotonically from PUMAX to minimum output power as defined in subclause 6.3.2 or vice versa then 
to account for RF Power amplifier mode changes 2  exceptions are allowed. For these exceptions the power tolerance limit is a maximum of ±6.0 dB in Table 6.3.5.2.1-1
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]

	ΔP < 2
	±2.5
	±[2.5 + 0.5]
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±[3.0 + 1.0]
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±[3.5 + 1.5]
	±3.5

	4 ≤ ΔP < 10


	±4.0
	±[4.0 + 2.0]
	±4.0

	10 ≤ ΔP < 15


	±5.0
	±[5.0 + 3.0]
	±5.0

	15  ≤ ΔP 


	±6.0
	±[6.0 + 3.0]
	±6.0

	Note

For extreme conditions an additional ± 2.0 dB relaxation is allowed for PUSCH/PUCCH/SRS/PRACH allocations


When the transmission bandwidth is confined within FUL_low and FUL_low + ΔTC or it is confined within FUL_high – ΔTC and FUL_high, the relative power tolerance as specified in Table 6.3.5.2.1-1 is relaxed by reducing the lower limit by [1.5] dB. 

For a sub-frame excluding a SRS symbol, the power change is defined as the relative power difference between the mean power of the original (reference) sub-frame and the mean power of the target subframe, not including the transient duration. The mean power of successive sub-frames shall be calculated according to Figure 6.3.4.3-1

For a sub-frame including a SRS symbol, the power change is defined as the relative power difference between the mean power of the transmission preceding or succeeding the SRS symbol and the mean power of the target SRS symbol duration period not including the transient duration. The mean power of successive SRS symbols shall be calculated according to Figure 6.3.4.4-1 to Figure 6.3.4.4-3. 

********** End of changes *************

If RAN4 concludes that proposed [4] test coverage is adequate we think that no exceptions are needed and LS stating that should be sent to RAN5. In this case following modification is proposed to UE core specification [2].

*********** Start of changes *********

6.3.5.2
Relative Power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms.

For PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1. 
6.3.5.2.1
Minimum requirements

The requirements specified in Table 6.3.5.2.1-1 apply when the power of the target and reference sub-frames are within the power range bounded by the Minimum output power as defined in subclause 6.3.2 and the measured PUMAX as defined in subclause 6.2.5 (i.e, the actual power as would be measured assuming no measurement error). This power shall be within the power limits specified in subclause 6.2.5. 

Table 6.3.5.2.1-1 Relative Power Tolerance for Transmission (normal conditions)

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	ΔP < 2
	±2.5
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

Note 2:
For operating bands under Note 2 in Table 6.2.2-1, the relative power tolerance is relaxed by reducing the lower limit by 1.5 dB if the transmission bandwidth of either the reference or target sub-frames is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high.



********** End of changes *************
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