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1. Introduction

Recently, it was suggested that an additional aggregate power control spec be added for E-UTRA (non CA operation) similar to what exists for UTRA [1] [2], where a power control tolerance is required after a sequence of monotonic power control steps.  The reasons for this suggestion included concerns for throughput degradation assuming near worst case UE performance for relative power control. In this contribution, we analyze a mathematical relationship between existing relative power tolerance and aggregate power tolerance for UTRA.  We then make use of this relationship and extend the analysis to provide recommendations for additional E-UTRA aggregate power control specs.
2. Discussion

The relative and aggregate power control requirements for UTRA are captured in Tables 6.4 and 6.5 of TS 25.101 and are copied below for reference.

Table 6.4: Transmitter power control range

	TPC_ cmd
	Transmitter power control range

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

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	+0.5 dB
	+1.5 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	-0.5 dB
	-1.5 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB


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


First we analyze what mathematical relationship exists between the UTRA relative power control requirement and the corresponding aggregate power control requirement for 1dB, 2dB and 3dB step size.  Here is an analysis methodology that showed a very consistent relationship:
1) For the relative power control requirement for each step size, assume a triangular probability density function (PDF), with max density at the nominal step size value, and vanishing density at the Upper and Lower tolerances.  The variance for each power control step is then (Upper – Lower) ^2 / 24.  As an example, for the 1dB step size, the computation leads to a variance of (+1.5 – 0.5) ^2 / 24 = 0.042.

2) Apply the property of statistical independence between each step to compute the statistics of the aggregate monotonic sequence for each step size.  This means the variance of the aggregate sequence equals the sum of the variance of each individual step, and the mean of the aggregate sequence equals the sum of the nominal step size.  
3) Verify if there is a consistent relationship across the 3 different step sizes between the computed statistics of the aggregate sequence and the specified UTRA tolerances for aggregate power control.

Table 1 summarizes the results.  And we find that indeed, there is a precise statistical relationship for all the step sizes as we suspected.  We find that for our assumed triangular distribution for each individual step, the specified UTRA aggregate power control tolerance is 3.1 times sigma, where sigma is the analyzed aggregate standard deviation.  We found this same 3.1 times sigma relationship for all 3 specified step sizes.  This confirms that there is a statistical relationship between the relative power control tolerance and aggregate power control tolerance over repeated steps.  We also find the 3.1 times sigma relationship reasonable (it is slightly larger than 3 sigma).  Note that if the aggregate statistics happened to be Gaussian, then we would know that only 0.2% of the UEs would be outside this range even if such a spec were not explicitly enforced.
Table 1: Results of Statistical Analysis of UTRA aggregate power control assuming a triangular PDF
	Step Size
	relative step 
tolerance (+/- dB)
	individual 
step size variance
	total # steps in sequence
	aggregate 
variance
	aggregate 
standard 
deviation
	specified UTRA aggregate tolerance (+/- dB)
	# standard deviations to tolerance

	1
	0.5
	0.042
	10
	0.417
	0.645
	2
	3.1

	2
	1
	0.167
	10
	1.667
	1.291
	4
	3.1

	3
	1.5
	0.375
	7
	2.625
	1.620
	5
	3.1


We also note that had we chosen a different PDF for the relative step (other than triangular), the relationship would be different; however, the key is that a relationship would still exist, and would still be identical across 1dB, 2dB and 3dB step sizes!  Hence, the above analysis confirms that a precise mathematical relationship does exist for UTRA between the relative power control tolerance and the aggregate power control tolerance.
Extension to E-UTRA

Next, we wish to examine extending this relationship we found between relative power control tolerance and aggregate power control tolerance for E-UTRA.  Note that an aggregate power control requirement does exist currently for E-UTRA, however, it is not over a sequence of steps.  Hence what we are examining would potentially be a new E-UTRA aggregate requirement, if it is deemed useful.
We first take a look at the existing E-UTRA relative power control requirement.  The relative power control requirements for E-UTRA are captured in Table 6.3.5.2.1-1 of TS 36.101 and is copied below for reference.  We note in addition to the table, the following informative text in TS 36.101, Section 6.3.5.2.1:
“To account for RF Power amplifier mode changes 2 exceptions are allowed for each of two test patterns. 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 subclauses 6.3.2 and 6.2.2. 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 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 increasing the upper limit by 1.5 dB if the transmission bandwidth of the reference sub-frames is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the target sub-frame is not confined within any one of these frequency ranges; if the transmission bandwidth of the target sub-frame is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the reference sub-frame is not confined within any one of these frequency ranges, then the tolerance is relaxed by reducing the lower limit by 1.5 dB. 

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.


We make the following important observations in regards to aggregate power tolerance specification for E-UTRA:
1) In general, the E-UTRA relative power control tolerances are looser than their UTRA counterparts.  Hence, we observe per the mathematical relationship derived for UTRA, that the generalized aggregate power control tolerances for E-UTRA would also be larger, and possibly not as useful for specification.  For example, a 2dB step size 10 step sequence for E-UTRA has a relative power control tolerance of +/- 3dB for all PUSCH and PUCCH transitions.  Following the mathematical formulism derived from UTRA specification, the E-UTRA aggregate power control tolerance would become +/- 12dB around a nominal value of +20dB.  We do not recommend RAN4 pursue the more generalized tolerance as a consequence.
2) The tightest E-UTRA power control tolerance can be found “for PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps” and “for a power step ΔP ≤ 1 dB”.  Here, the relative power tolerance is +/- 1dB.  This seems to form the basis for the most useful aggregate tolerances for E-UTRA.  For a sequence of 1dB step size, and length of 10 steps, with RBs fixed in frequency etc., the aggregate tolerance computes to +/- 4dB.  This would mimic the existing UTRA aggregate test for 1dB step size.
3) In addition, we also note that E-UTRA allows up to 2 RF PA related exceptions for relative power control.  These exceptions, if included in the aggregate tolerance itself would make the spec even looser.  Hence, we recommend that the relative step amplitudes of the up to 2 exception values be measured during the test, and be used to shift the nominal aggregate expectation value around which the final aggregate tolerance is to be evaluated.  It may also be useful for the tester to measure 2 extra steps, such that there always are enough steps in the sequence minus exceptions to have 10 steps to evaluate the final aggregate tolerance against.
4) Finally, we note that the results above are computed from the relative power control requirements for normal conditions.  Further relaxation of additional +/- 2dB is given for extreme conditions. We observe that the resultant extreme condition aggregate tolerance would be looser.  As an example, for the fixed RB 1dB step size sequence of 10 steps, the extreme condition aggregate tolerance becomes +/- 12 dB.  We consequently recommend specifying E-UTRA aggregate power control only over normal conditions.
Recommendation

We reiterate our recommendation here for clarity.  We recommend focusing any future additional E-UTRA aggregate power control tolerance requirement to 1dB power steps, and “for PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps”, since this case offers the best relative power control tolerance, and hence the best aggregate tolerance.  In addition, we recommend keeping this specification to normal conditions only.  Finally, we recommend a sequence length of 10 steps for the proposed E-UTRA test similar to the existing UTRA test, with aggregate tolerance of +/- 4dB.  Also, we recommend that the 2 RF PA exceptions provided to the relative power control tolerance also remain for the aggregate power control requirement.  However, we recommend they be applied to modify the nominal expectation value of the sequence, and not be additive to the tolerance itself.  Finally, since this is a new specification, we recommend the earliest this should be considered should be Release 12.
Our recommendation is shown as an example in Table 2, as a modification of the Table 2 provided in [1].

Table 2: Transmitter aggregate power control range for contiguous steps (normal conditions)
	Value in TPC Command Field

[dB]
	Sequence of power steps
	PUSCH to PUSCH transitions

 or PUCCH to PUCCH transitions 
[dB]

	
	
	Lower
	Upper

	-1 
	10
	-24 + x (3)
	-16 + x (3)

	+1 
	10
	+16 + y (3)
	+24 + y (3)

	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

Note 2:     The requirements apply for 3GPP normal conditions

Note 3:      The x and y offsets are computed by summing the amplitudes of the up to 2 RF PA exceptions to relative power tolerance as provided in Section 6.3.5.2.1., should those exceptions happen to fall in aggregate power control test power range.



3. Conclusion
A mathematical relationship was evaluated from existing UTRA specs to relate relative power control tolerance to an aggregate power control tolerance as applied over a monotonic sequence of identical power steps.  This relationship was then extended to provide recommendations for a new aggregate power control requirement for E-UTRA.  This new requirement, if considered by RAN4, should not be applied prior to Release 12.
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