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1 Introduction
This is a follow-up to an earlier contribution [1] in which the system impacts of inaccurate power control were demonstrated. The current requirements for power tolerance actually allow a UE to decrease its output power after a sequence of UP commands and still be compliant as identified in [2]. 

In the specification of the relative requirements for Rel-8, account of duplexer and filter ripple for frequency hopping PUSCH and changing allocations in the reference and target subframes resulted in large tolerances and lax requirements in hindsight. For small power steps in the TPC commands or small changes in the allocation (ΔP < 4 dB), these requirements imply that the output power is allowed to decrease/increase after an UP/DOWN command if the allocation is fixed across the power transition. For SRS transitions, this can happen for even larger power steps.
Revising the existing Rel-8 requirements for relative power control with a view to make these tighter would be a challenging task. Instead, we propose an additional aggregate power control test with a sequence of steps could be introduced in the Rel-12 specifications for verifying that a UE actually increases/decreases its output power for a sequence of UP/DOWN commands with a fixed allocation. This additional test could be specified such that the actual relative power accuracy is improved. 
2 Introducing an additional aggregate requirement
The aim is introduce a test similar to the aggregate power control tests for UTRA. The requirements could be similar; UTRA performance was assumed for the results in [1], but exceptions for e.g. PA mode switches would be allowed for E-UTRA. The transmitter aggregate power control requirements for UTRA are shown in Table 1 for reference. 

Table 1: 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


For E-UTRA the allocation may also change in frequency, which necessitates larger tolerances for the relative requirement between the reference and target subframes. However, to verifying that the actual output power increases during a sequence of UP commands, the allocation should be fixed in frequency. This allows specification of tighter tolerances for the aggregate error since the impact of ripple in the transmitter frequency response is minimised. 
We propose the following test configuration in line with [1]:
1. keep the PRB allocation fixed in frequency for either PUSCH or PUCCH transmission
2. configure a sequence of UP or DOWN with a given power step 
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and no transmission gaps other than for downlink subframes (TDD)
The accumulated result of the sequence of up or down commands should be either greater or less than 0 dB including tolerance, respectively. The specification could look like in Table 2 where the lower and upper specify the allowed range for the accumulated power change.
Table 2: Transmitter aggregate power control range for contiguous steps
	Value in TPC Command Field
[dB]
	Sequence of power steps
	PUSCH to PUSCH transitions

 or PUCCH to PUCCH transitions 
[dB]

	
	
	Lower
	Upper

	-1 
	TBD
	TBD
	TBD

	1 
	TBD
	TBD
	TBD

	3 
	TBD
	TBD
	TBD

	Note 1:
The requirements apply for fixed PRB allocations and with no transmission gaps other than those generated by downlink subframes,



For SRS the transitions between PUSCH and SRS are important and a step-test less obvious, and for a SRS periodicity > 20 ms, the absolute requirements apply.
The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified. To account for RF Power amplifier mode changes, exceptions are allowed for each of two test patterns, unlike for UTRA. The test is illustrated in Figure 1 for FDD, the purpose is to demonstrate that the has increased after a sequence of steps, hence P > 0 dB after a number of uplink subframes (for TDD the usual gaps for DL subframes).
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Figure 1: illustration of the aggregate power control test.
The test would look as follows in 36.101:
6.3.5.3
Aggregate power control tolerance

Aggregate power control tolerance is the ability of a UE to maintain its power in non-contiguous transmission within 21 ms in response to 0 dB TPC commands with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

6.3.5.3.1
Minimum requirement

The UE shall meet the requirements specified in Table 6.3.5.3.1-1 foraggregate power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power as defined in subclause 6.2.2. 
Table 6.3.5.3.1-1: Aggregate Power Control Tolerance

	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	±2.5 dB

	0 dB
	PUSCH
	±3.5 dB

	Note: 

1. The UE transmission gap is 4 ms. TPC command is transmitted via PDCCH 4 subframes preceding each PUCCH/PUSCH transmission.


6.3.5.4
Additional requirement on aggregate power control tolerance
The purpose of the test is to verify the ability of the UE transmitter to adjust its output power in accordance with one or more power control commands received in the downlink.
6.3.5.4.1
Minimum requirements
The requirements specified in Table 6.3.5.4.1-1 apply 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. This power shall be within the power limits specified in subclause 6.2.5. 
The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in clauses 6.3.2 and 6.2.5. To account for RF Power amplifier mode changes, two exceptions are allowed for each of two test patterns. For these exceptions the power tolerance limit is a maximum of TBD dB in Table 6.3.5.4-1
Table 6.3.5.4.1-1: Transmitter aggregate power control range for contiguous steps
	Value in TPC Command Field

[dB]
	Sequence of power steps
	PUSCH to PUSCH transitions

 or PUCCH to PUCCH transitions 
[dB]

	
	
	Lower
	Upper

	-1 
	TBD
	TBD
	TBD

	1 
	TBD
	TBD
	TBD

	3 
	TBD
	TBD
	TBD

	Note 1:
The requirements apply for fixed PRB allocations and with no transmission gaps other than those generated by downlink subframes,




3 Proposal
It is proposed to add an additional requirement on aggregate power control performance in the Rel-12 version of 36.101, with the purpose of ensuring that the output power actually increase/decrease for a sequence of UP/DOWN commands.
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