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Introduction
The current version of the FR2 UE RF specification [2] provides tentative values for the absolute and relative transmit power control tolerance.  During the RAN4 #88 meeting an analysis of network outage and converged TPC error performance made the following observations [3]:

Observation 1: In the UMa scenario the outage probability increases by 2%-6% given the absolute power tolerance in [1] when ISD is 400 m, and the outage probability increase is minimal when ISD is 200m. 

Observation 2: The mean throughput loss from the converged power control error is up to 4% for Indoor office and 6% for UMa, when the converged power control error is 5 dB.


During offline discussions some companies observed that the analysis in [3] did not consider convergence time of the power control algorithm and that possible revisions of the TPC tolerance values may be motivated by this metric.

Further analysis of the issue was provided in [5] during the RAN4 #89 meeting and in [8] during RAN4 #90bis meeting.  An adhoc on this topic was held during the RAN4 #90bis meeting with the following agreements and adhoc chair’s observations:

In relation to “Table 6.3.4.3-2: Relative power tolerance, PUMAX ≥ P > Pint”:
Agreement: the concept of introducing a tighter TPC requirement for fixed allocation PUSCH is acceptable with the following open issues:
· Exceptions to monotonicity condition should be clarified; number of exceptions is 3
· The value of the tolerance is [1] dB
· The values for the general requirement on relative TPC remain in []
Adhoc chair’s understanding: the power step under discussion above is ∆P = 1 dB

Adhoc chair’s understanding of the absolute power control discussion is the following:
· Proposed verification of PA calibration at max power level in open loop (NOTE 1) was indicated to be of more importance than the general absolute power tolerance requirement correction in Rel-15


This contribution evaluates the TPC convergence of the latest agreement and evaluates the impact of BS RSRP accuracy and a potential BS TPC algorithm.
Discussion
Simplified simulation setup
The simplified simulation setup is described in detail in [8].
Simulation parameters
Convergence of TPC loops is analyzed for six simulation cases:
· Baseline: current values in [] in 38.101-2 and BS RSRP tolerance = 6 dB, TPC command calculation based on estimated power delta at the BS
· Baseline, BS RSRP tolerance = 5 dB, TPC command calculation based on estimated power delta at the BS
· Baseline OL and CL requirements with monotonicity requirement per adhoc agreement, BS RSRP tolerance = 6 dB, TPC command calculation based on estimated power delta at the BS
· Baseline: current values in [] in 38.101-2 and BS RSRP tolerance = 6 dB, TPC command calculation based on one half of the estimated power delta at the BS
· Baseline, BS RSRP tolerance = 5 dB, TPC command calculation based on one half of the estimated power delta at the BS
· Baseline OL and CL requirements with monotonicity requirement per adhoc agreement, BS RSRP tolerance = 6 dB, TPC command calculation based on one half of the estimated power delta at the BS

Table 1 below summarizes the simulation cases.

[bookmark: _Ref7785163]Table 1: Simulation cases
	Case
	UE RSRP error
	BS RSRP error
	TPC requirement
	TPC algorithm

	Case 1
	6.0
	6.0
	Baseline
	powerDelta

	Case 2
	6.0
	5.0
	Baseline
	powerDelta

	Case 3
	6.0
	6.0
	CL monotonicity
	powerDelta

	Case 4
	6.0
	6.0
	Baseline
	powerHalfDelta

	Case 5
	6.0
	5.0
	Baseline
	powerHalfDelta

	Case 6
	6.0
	6.0
	CL monotonicity
	powerHalfDelta



Simulation Results
An example of the comparison of the TPC convergence of the three simulation cases for path loss Scenario 2 with TPC command calculation based on estimated power delta and power half delta at the BS is shown in Figure 3 below (please see the Annex for the complete set of figures).

a)[image: ]b) [image: ]
[bookmark: _Ref525861575]Figure 2: Comparison of TPC algorithms; a) “powerDelta”; b) “powerHalfDelta”

We define two metrics to quantify the performance of these algorithms:  the converged TPC error, which is achieved after sufficient number of TPC steps, and the practical TPC error, which is achieved within fewer steps and is within a fixed threshold of the converged error (a value of 0.5 dB was used in these simulations).  Given the rapid convergence of these algorithms, it is sufficient to examine the practical convergence result.

To summarize the results across the scenarios, the average improvement of performance over the baseline TPC error (calculated over all power levels) can be plotted for each simulation case, as shown in Figure 3 below.  NOTE: TPC error is plotted as expanded error and corresponds to 1.96 * standard deviation of the TPC error distribution.  Because the RAN4 #90bis adhoc agreement narrowed the scope of the closed loop requirement modification to be potentially restricted just to the introduction of the monotonicity requirement (which is applicable only at power levels between p_int and p_max), we focus on this case.



a) [image: ] 
b) [image: ]
[bookmark: _Ref535930401]Figure 3: Summary of TPC error analysis; a) Practical TPC error; b) Reduction in TPC error relative to Case 1

Observation 1: The impact of the UE monotonicity requirement on TPC convergence metrics is also dependent on the TPC command calculation algorithm (Case 3 vs Case 6).

Observation 2: When considering TPC error over power levels greater than Pint and practical TPC convergence, the introduction of a UE monotonicity requirement in closed loop together with reduced TPC command steps (Case 6) results in ~3.0 dB improvement over the baseline (Case 1) and ~0.75 dB improvement over the case with tightened BS RSRP performance (Case 5).

Observation 3: Based on the analysis of TPC error convergence, the monotonicity requirements on the UE in closed loop result in improved network performance.

Within the context of these TPC error convergence simulations, the proposal to introduce a requirement on the UE PA calibration at max power level in open loop was also possible to evaluate by defining a threshold on the target output power the UE calculates in open loop above which the UE sets its output power to the maximum with reduced tolerance.  Simulations have not shown any impact on the baseline results from this modification.  One reason for this outcome is that the UE needs to have a sufficiently high path loss to trigger maximum output power operation, but the UE’s estimate of the path loss under low SNR conditions is dominated by the high absolute RSRP error value.

Observation 4: The TPC convergence simulations were unable to determine any impact on the network due to the potential introduction of a requirement on the UE PA calibration at max power level in open loop.
Conclusions
Based on the analysis provided in this paper, the following observations can be made:

Observation 1: The impact of the UE monotonicity requirement on TPC convergence metrics is also dependent on the TPC command calculation algorithm.

Observation 2: When considering TPC error over power levels greater than Pint and practical TPC convergence, the introduction of a UE monotonicity requirement in closed loop together with reduced TPC command steps (Case 6) results in ~3.0 dB improvement over the baseline (Case 1) and ~0.75 dB improvement over the case with tightened BS RSRP performance (Case 5).

Observation 3: Based on the analysis of TPC error convergence, the monotonicity requirements on the UE in closed loop result in improved network performance.

Observation 4: The TPC convergence simulations were unable to determine any impact on the network due to the potential introduction of a requirement on the UE PA calibration at max power level in open loop.
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