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1. Introduction

In LS R4-095037, titled LS on power control exceptions, RAN4 proposed the following power pattern to RAN5 (Figure 1), to be used to test nominal and exceptional relative power steps.
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Figure 1:Power control pattern proposal from R4-095037.
RAN 5 developed similar power patterns based on the RAN4 LS for the up- and down direction separately. The intention of the patterns was to test the power dynamic range that is covered by repeated and different power commands and to check the relative power of the corresponding power steps in the entire power dynamic range of the UE. 
In particular 1 dB power steps are signalled to step the power thru the dynamic range with PUSCH to PUSCH power changes. Additional RB allocation changes should be used to test larger nominal power steps in the low, medium and high area of the dynamic range. 
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Figure 2: Power control pattern used in RAN5 test cases.

2. Problem description
As an example with respect to testing, the minimum requirements for a PUSCH to PUSCH TPC of  +1 dB nominal power change allow a power step of 0 to 2 dB.
In theory it is possible to have continuous 0 dB steps i.e. no power ramping at all with the nominal +1dB TPC is horizontal.  The larger power step (due to RB allocation change) is than tested only in the low power range and is equal for all pattern A, B and C. The UE power dynamic range is not covered. This misses the test purpose, especially with respect to “RF Power amplifier mode changes”
Any ΔP in the row 1 to 4 in Table 6.3.5.2.1-1 “Relative Power Tolerance for Transmission” bears the same problem. It even allows down power steps on up-commands.  Note, that additional ± 2.0 dB relaxation for extreme conditions worsens the problem further.

While it is acceptable for one power command to cause one ineffective power step, this is not acceptable for a sequence of power commands or power steps. 
3. Additional minimum requirements are needed
To avoid long term horizontal power pattern, or even wrong sense power steps, which are currently possible, additional minimum requirements are required for repeated power commands.
There are similar minimum requirement in 25.101 Table 6.5:

Table 6.5: Transmitter aggregate power control range

	TPC_ cmd group
	Transmitter power control range after 10 equal TPC_ cmd groups
	Transmitter power control range after 7 equal TPC_ cmd groups

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+1
	+8 dB
	+12 dB
	+16 dB
	+24 dB
	+16 dB
	+26 dB

	0
	-1 dB
	+1 dB
	-1 dB
	+1 dB
	-1 dB
	+1 dB

	-1
	-8 dB
	-12 dB
	-16 dB
	-24 dB
	-16 dB
	-26 dB

	0,0,0,0,+1
	+6 dB
	+14 dB
	N/A
	N/A
	N/A
	N/A

	0,0,0,0,-1
	-6 dB
	-14 dB
	N/A
	N/A
	N/A
	N/A


All yellow highlighted numbers need minimum requirements for repeated steps, in order to avoid ineffective or even wrong sense power steps.
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 (Note 3)
	±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. 

Note 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


5. Proposal
It is proposed to introduce a requirement for repeated power steps in a similar way as for WCDMA, values are only included as a basis for feedback from RAN4. To enable an implementation into the specification of a later release (later than release 8) a new separate table is proposed. 
Table 6.3.5.2.1-1 Relative Power Tolerance single step 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 (Note 3)
	±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. 

Note 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


Table 6.3.5.2.1-2 Relative Power Tolerance repeated steps for Transmission (normal conditions)

	Single Power step P (Up or down) 

 [dB]
	No of equal Power steps (Up or down) 


	PUSCH to PUSCH [dB]

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

	ΔP ≤ 1 dB
	10
	 [±2.0]
	
	

	ΔP < 2
	6
	
	 [±4.0]
	[±4.0]

	2 ≤ ΔP < 3
	5
	
	[±5.0]
	[±6.0]

	3 ≤ ΔP < 4
	4
	
	[±5.0]
	[±7.0]

	4 ≤ ΔP ≤ 10
	3
	
	[±6.0]
	[±8.0]

	10 ≤ ΔP < 15
	2
	
	[±7.0]
	[±9.0]

	15 ≤ ΔP
	NA
	
	[±6.0]
	[±9.0]

	For extreme conditions an additional ± 2.0 dB relaxation is allowed  once for  repeated steps
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