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1 Background
This contribution is based on the earlier proposal [1], but with more details on handling of allowed exceptions.

In this contribution we propose an additional aggregate power control test for verifying that a UE actually increase or decrease its output power when commanded to do so. The current requirements for power tolerance actually allow a UE to decrease its output power after a sequence of UP commands while still being compliant as identified in [2]. The test is proposed for non-CA operation only and for introduction into the Rel-12 version of 36.101 even if the functionality is not new. 
2 Aggregate power control range
For verifying that the UE actually increases/decreases its output power after a sequence of UP/DOWN TPC commands we reuse the test configuration for the aggregate power control range for UTRA, from 25.101:
Table 6.5 (in 25.101): 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


This can be adopted for E-UTRA by keeping a fixed PUSCH allocation throughout the sequence of power control commands and performing the test under normal test conditions. Then the relative power tolerance for each step is reduced to a mere ±1.0 dB, of the same order of magnitude as the corresponding UTRA requirement ±0.5 dB. The propose test procedure would is as follows:
1. PUSCH of a fixed allocation size is allocated; 
2. the power increase is measured after a sequence of ten TPC commands of step size ±1 dB;
3. under normal test conditions.
The requirement for the aggregate power tolerance is for ±2 dB for UTRA, but is proposed to be ±5 dB for E-UTRA due to the larger relative tolerance for each step.

Unlike for UTRA, we propose to allow for exceptions for e.g. PA mode changes. We note that for each power step in the sequence, the UE shall meet the requirement on relative power tolerance for fixed PUSCH allocations and with no transmission gaps other than the bare minimum necessary for TDD as stated in the following note in Table 6.3.5.2.1-1 of 36.101:
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.
Two exceptions should be allowed for which the tolerance for the power steps could be larger than the required ±1.0 dB but still limited by an upper bound. These exceptions could occur at any time during the TPC command sequence. In order to handle exceptions, it is proposed not to account for the power change of an exception in the final aggregate power measured. Otherwise, should an exception occur during the sequence, the allowed tolerance for the exception would have to be added to the aggregate tolerance and result in an excessive aggregate tolerance. This proposal is illustrated by the example in Figure 2 in which a power step exceeding the relative power tolerance occurs in the middle of the test sequence (the behaviour displayed is for illustrational purposes only).
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Figure 2: aggregate power sweep on each CC with allowed exception.
The test system would have to verify that each power step in the sequence meets the relative power tolerance, but allow two exceptions for which the relative power tolerance should not exceed ±6.0 dB in the target subframe. 
The additional requirement s would be specified as follows in the 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 for aggregate 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: 
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 range

The UE shall meet the aggregate power tolerance given in Table 6.3.5.4-1 after 10 equal power steps. The requirements apply with fixed PUSCH resource assignment at normal conditions.

Table 6.3.5.4-1: Aggregate transmitter power control (normal conditions)
	Power step P

[dB]
	Aggregate transmitter power control range after 10 equal power steps

	
	Lower [dB]
	Upper [dB]

	+ 1
	+5
	+15

	-1
	-5
	-15

	NOTE 1:
The requirements apply for fixed PRB allocations on each component carrier and with no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD.


The minimum requirement on relative power tolerance in Table 6.3.5.2.1-1 (NOTE 4) applies for each step of the test sequence; exceptions are allowed for up to 2 of the 10 power steps for which this tolerance may be exceeded if limited to ±6.0 dB in the target subframe. For each exception, 0.5P - Pe dB shall be added to the aggregate power measured after 10 steps, where Pe is the measured power change of the step for which the exception occurs and P is the power step in Table 6.3.5.4-1.
The requirement on the aggregate power tolerance is ±5.0 dB. Even though the power changes of the exceptions are not accounted for in the aggregate tolerance, the relative power tolerance for each of these steps is still ±6.0 dB: failure to meet this means that the entire test is failed. 
Removing a step for which an exception has occurred means that the expected aggregate result for the remaining steps will change, but the aggregate power tolerance limits would still be the same. This can be remedied by adding 0.5P - Pe dB to the aggregate power measured after 10 steps, where Pe is the measured power change of the step for which the exception occurred and P is the power step. Hence the power change Pe for the exception is removed and this power change is replaced by a 0.5P step, i.e. ±0.5 dB, the smallest “average” step that must be taken to meet the requirement. Alternatively, the exception could have been replaced by a perfect P step, but this would have favoured implementations that need exceptions.
3 Proposal

It is proposed to specify an additional test for verifying aggregate power control range for non-CA operation as described in Section 2. A CR for introducing the necessary changes into the Rel-12 version of 36.101 is supplied in [3].
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