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1	Introduction
During the RAN #80 meeting, the framework for power control tolerance was finalized with its outcome captured in TS38.101-2 [1]. While the framework itself was finalized, the values of power control tolerance in different scenarios are still not final. Implementation considerations have been thoroughly discussed in determining these values. Additionally, it is essential to understand the values from the network performance perspective, which is the subject of this contribution.

2	Simulation Results
The network simulations in this paper adopt the assumptions in TR38.803 [2] with the modifications that have been agreed for the spherical EIRP study [3]. The principal modifications are summarized as follows:
· Each UE is randomly oriented in a sphere centered around its local coordinate system
· UE peak EIRP is 22.4 dBm
· UE power control targets a receive SNR of 22 dB

2.1	Absolute Power Tolerance
Absolute power tolerance is used to characterize the open loop power control accuracy and will impact RACH performance. In this simulation, RACH performance is studied in terms of outage probability, with outage defined as a SNR below -10 dB as agreed in [3]. 

According to TR38.803 [2], the ideal transmit power is set based on the pathloss and the target SNR of 22dB. When absolute power tolerance is modeled, a uniform random error in the range of tolerance, corresponding to the power range, is added to the ideal transmit power such that the peak EIRP is not violated., i.e., 



The tolerance is set according to [1] and summarized in the following tables.
Table 6.3.4.2-1: Absolute power tolerance
	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± [14.0] dB

	Pmax ≥ P > Pint
	± [12.0] dB



Table 6.3.4.2-2: Intermediate power point
	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB




The UMa scenario, which is the most challenging from a coverage perspective, is used to study the outage. Two cell sizes of ISD 200m and ISD 400m are simulated with outdoor UEs only. Both the ideal power control, and the power control with tolerance are simulated and compared.
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(a)                                                                                                    (b)
Figure 1. Outage probability of UMa, ISD 400 m

Figure 1(a) shows the SNR distribution for ISD 400 m with and without power control tolerance for bandwidths (BWs) of 20 MHz and 200 MHz. Figure 1(b) zooms in around the SNR at -10 dB. When BW is 200 MHz, the outage probability increases by 6% due to power control errors; and when BW is 20MHz (which is more applicable for edge-of-cell UEs), the outage probability increases by less than 2%.
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(a)                                                                                                    (b)
Figure 2. Outage probability of UMa, ISD 200 m

Figure 2(a) shows the SNR distribution of ISD 200 m with the corresponding zoom-in around -10 dB in Figure 2(b). In this instance outage probability increases only marginally for both 20 MHz and 200 MHz.

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. 

2.2	Relative and aggregated power tolerance 
Relative and aggregated power tolerances are used to characterize closed loop power control accuracy and therefore will impact network throughput. However, simulating the entire closed loop power control procedure is time consuming given the number of power steps, and the results would be less informative since the tolerance values are set differently for each step. To obtain some insights on the impact of closed power control accuracy, the converged power control error is studied instead. Assuming sufficient power adjustments have been performed, the converged power control error is the residual difference between the desired and the actual transmit power (in the case of no mobility).

To link the converged power control error with the relative and aggregated power tolerance, it is reasonable to assume that the converged power control error should be no larger than the smallest value of power tolerance across all power steps in relative power tolerance and aggregated power tolerance, which are summarized below. Accordingly, the converged power control error should not be more 5dB.
	
Table 6.3.4.3-1: Relative power tolerance, Pint ≥ P ≥ Pmin
	Power step ∆P (Up or down) 
 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)

	ΔP < 2
	[±5.0]

	2 ≤ ΔP < 3
	[±6.0]

	3 ≤ ΔP < 4
	[±7.0]

	4 ≤ ΔP < 10
	[±8.0]

	10 ≤ ΔP < 15
	[±10.0]

	15 ≤ ΔP
	[±11.0]



Table 6.3.4.2-2: Intermediate power point
	Power step ∆P (Up or down) 
 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)

	ΔP < 2
	[±3.0]

	2 ≤ ΔP < 3
	[±4.0]

	3 ≤ ΔP < 4
	[±5.0]

	4 ≤ ΔP < 10
	[±6.0]

	10 ≤ ΔP < 15
	[±8.0]

	15 ≤ ΔP
	[±9.0]



Table 6.3.4.4-1: Aggregate power tolerance, Pint ≥ P ≥ Pmin
	TPC command
	UL channel
	Aggregate power tolerance within 21ms

	0 dB
	PUCCH
	± [5.5] dB

	0 dB
	PUSCH
	± [5.5] dB



Table 6.3.4.4-2: Aggregate power tolerance, Pmax ≥ P ≥ Pint
	TPC command
	UL channel
	Aggregate power tolerance within 21ms

	0 dB
	PUCCH
	± [3.5] dB

	0 dB
	PUSCH
	± [3.5] dB




In our simulation the ideal transmit power is offset by a random error in the range of a particular converged power control error. The mean throughput is studied under different converged power control errors, and compared to the ideal power control (i.e., converged power control error = 0 dB). In addition to the UMa scenario with ISD 200 m and 400 m, we also simulated the indoor office scenario.
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Figure 3. Mean throughput loss across different scenarios

Figure 3 illustrates the mean throughput loss from the converged power control error for all scenarios simulated. The results show that the mean throughput loss is up to 4% for Indoor office and 6% for UMa, when the converged power control error is 5 dB. Therefore as long as the closed loop power control converges to the ideal transmit power (within +/- 5 dB), the mean throughput is maintained. 

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.
Based on this observation, the proposed relative and aggregated power tolerance are expected to meet the network throughout. What is not considered in this analysis is the convergence time of the power control algorithm, which is gNB implementation-specific.

4	Conclusions
In this contribution, the network performance is studied for power control tolerance values in TS38.101-2 [1]. The absolute power tolerance is studied in term of outage. The converged power control error is used to study the relative and aggregated power tolerance in term of mean throughput. 

Based on the simulation results, the following observations are made:

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.
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