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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. By considering TPC algorithm convergence, the following observations were made:

Observation 1: TPC convergence is dominated by the BS algorithm and parameters associated with BS performance. When the BS estimates path loss (Case 1), TPC error is driven by both UE TPC tolerance and BS RSRP error and has slow convergence (8 steps). When the BS derives TPC command from estimated Rx RSRP (Cases 2, 3), TPC convergence is fast (4 steps), and error is driven by BS RSRP estimator. When the BS uses smaller steps for the TPC command (Case 3), TPC error is reduced.

Observation 2: Tightening UE OL TPC requirements from baseline to Type A, B, or C improves step 1 TPC error and marginally step 2 TPC error.

Observation 3: Tightening UE CL TPC requirements from baseline to Type A, B, or C has negligible impact on TPC loop convergence. Type A, B, and C requirements have significant impact on UE implementation complexity. Improvement of BS algorithm from Case 2 to Case 3 has greater effect.

Observation 4: Based on prior study of NW simulation performance and this study on TPC algorithm convergence, the tentative values for OL & CL TPC tolerance can be confirmed without modification.

Observation 5: If further study is needed, a framework for analyzing TPC loop convergence is recommended to evaluate proposed values for UE TPC tolerance. Such a framework should include some assumptions about the BS TPC algorithm.


The outcome of these observations was reflected in the draft CR to TS38.101-2 in [6], which was not endorsed due to ongoing discussion related to an alternative proposal. The alternative proposal, also presented during the RAN4 #89 meeting in [7], can be summarized as follows:
In order to make the absolute requirements more relevant, we propose to
· add and additional test point at maximum output power with a tentative ±[3.0] dB, applicable when the parameter set for uplink power control are such that the UE has reached it maximum (computed) power
· tighten the requirement for the upper 12 dB power range above Pint to equal that of WCDMA conducted at NTC, a tentative ±[9.0] dB at NTC
…
In order to make the relative requirements more relevant, we propose to
· add a test point for small steps applicable for PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency, the tentative requirement is  ±[1.0] dB for ΔP ≤ 1 dB and possibly ±[2.0] dB for ΔP = 4 dB steps
· tighten the requirement for small steps ΔP < 4 dB with possible changes of resource block allocations.


This contribution evaluates the TPC convergence of the alternative proposal, evaluates the impact of BS RSRP accuracy, and proposes an approach to finalize the FR2 TPC requirements.
Discussion
Simplified simulation setup
Because typical system level simulation platforms do not implement TPC algorithm transitions and convergence from open loop through multiple closed loop steps, a new (and simplified) simulation platform was developed to prepare this analysis.

Since TPC performance is a link-level metric associated with large-scale fading (e.g. path loss, shadowing, antenna directivity and orientation), it is not necessary to consider multiple cells and the associated SLS platform complexity.  Likewise, small-scale fading and frame structure can be abstracted.

We model the UE-BS path loss as a stationary random variable for the purpose of TPC convergence analysis (i.e. the path loss is assumed to remain fixed over the duration of the TPC loop convergence).  To get a sense of the distribution of path loss in a network, we collected path loss samples from a system level simulation with UMa and ISD=200 m in a vector, normalized the path loss to a minimum of 0 dB, and applied a moment matching technique to estimate the distribution [3].  Figure 1 below illustrates the results.
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[bookmark: _Ref525860035]Figure 1: Distribution of path loss in UMa model with ISD=200

Based on these results, we selected the normal distribution with mean 45 dB and standard deviation 8.7 dB.  A Rician distribution with parameters K = 52 and  (scale) = 45 is also a good candidate.

The value of p-Nominal (i.e. the BS rx power target for the TPC loop) within this distribution of path losses is separated into three scenarios:
· Scenario 1: most users need large + adjustments in power
· Scenario 2: most users need small + adjustments in power
· Scenario 3: most users need small +/- adjustments in power

Received signal strength estimators at the UE and BS are modeled as independent normal distributions with expanded uncertainty = 6 dB.  Expanded uncertainty assumes 95% confidence in the estimated value being within +/- 6 dB of the true value.  Thus, the standard deviation of the UE and BS RSRP error distribution is 6/1.96 = 3.06 dB.  UE output power is assumed to be configurable between -13 dBm and 23 dBm and is modeled as a normal random variable with the mean corresponding to the desired output power setting and standard deviation corresponding to the power control accuracy (whether open loop or closed loop depends on the simulation step).  All UE output power tolerances are also assumed as expanded uncertainty values.

The multi-step TPC algorithm is modeled in the following way:
1. In the first (open loop) step the UE estimates the path loss and sets its output power according to the absolute power tolerance specification
2. In the subsequent (closed loop) steps the BS calculates the TPC command and configures the UE output power according to the relative power tolerance specification

Without input from the network infrastructure vendor community, a simple BS TPC command calculation algorithm has been implemented.  The algorithm is a direct calculation of the TPC command: BS measures rx power, calculates the difference with p-Nominal, and sends this difference as the TPC command to the UE.
Simulation parameters
Convergence of TPC loops is analyzed for four simulation cases:
· Baseline: current values in [] in 38.101-2 and BS RSRP tolerance = 6 dB
· Proposed OL and CL values in [7] for all channels and BS RSRP tolerance = 6 dB
· Proposed OL and CL values in [7] for allocations without gaps and BS RSRP tolerance = 6 dB
· The definition used in [7] reads: “For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, guard periods”
· Baseline: current values in [] in 38.101-2 and BS RSRP tolerance = 5 dB

The three requirement types (baseline, proposal from [7] for all channels, and proposal from [7] for allocated resource blocks fixed in frequency and without gaps) are shown in Tables 1 and 2 below.  Yellow and orange highlighting is used to emphasize the tightening of the baseline requirements, as proposed in [7].

Table 1: OL tolerance requirement types
	Type
	OL Tolerance

	
	Pmin ≤ P ≤ Pint
	Pint < P ≤ Pmax

	Baseline
	14.0
	12.0

	[7] for all channels
	14.0
	9.0

	[7] no gaps
	14.0
	9.0



The proposals in [7] also included the following note related to the open loop power control tolerance requirements:  “if the UE is configured with a parameter set for uplink power control such that the UE determines that the maximum power is reached, the absolute power tolerance is ± [3.0] dB.”  However, because abosolute power control tolerance includes the UE’s RSRP accuracy, it is not possible to evaluate this requirement within a simulation platform which provides a range of path loss values to the UE.  Instead, the following procedure was modeled for open loop power control when simulating the cases associated with the proposals from [7]:
1. UE estimates the DL signal strength (with estimator error modeled as a normal random variable with expanded uncertainty = 6 dB)
2. UE calculates the UL power level according to the OL power control equation
3. If the calculated UL power level is within 3 dB of the maximum power level, the UE sets its output power directly to the maximum power level 

Table 2: CL tolerance requirement types
	Type
	∆P
	CL Tolerance

	
	
	Pmin ≤ P ≤ Pint
	Pint < P ≤ Pmax

	Baseline
	≤ 2.0
	5.0
	3.0

	
	3.0
	6.0
	4.0

	
	4.0
	7.0
	5.0

	
	10.0
	8.0
	6.0

	
	15.0
	10.0
	8.0

	
	> 15.0
	11.0
	9.0

	[7] for all channels
	≤ 2.0
	5.0
	2.5

	
	3.0
	6.0
	3.5

	
	4.0
	7.0
	4.5

	
	10.0
	8.0
	6.0

	
	15.0
	10.0
	8.0

	
	> 15.0
	11.0
	9.0

	[7] no gaps
	≤ 1.0
	-
	1.0

	
	2.0
	5.0
	2.0

	
	3.0
	6.0
	2.0

	
	4.0
	7.0
	2.0

	
	10.0
	8.0
	6.0

	
	15.0
	10.0
	8.0

	
	> 15.0
	11.0
	9.0




Simulation Results
An example of the comparison of the TPC convergence of the four simulation cases for path loss Scenario 2 is shown in Figure 3 below (please see the Annex for the complete set of figures).
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[bookmark: _Ref525861575]Figure 2: Comparison of TPC algorithms

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).

To summarize the results across the three 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.
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[bookmark: _Ref535930401]Figure 3: Normalized TPC error reduction per simulation case; a) over all power levels; b) over p > p_int

Observation 1: When considering TPC error over all power levels and practical TPC convergence, both requirement proposals from [7] result in less than 0.5 dB improvement over the baseline and demonstrate worse performance than retaining the baseline requirements and tightening the BS RSRP estimator error by 1 dB.

Observation 2: When considering TPC error over power levels greater than Pint and practical TPC convergence, the requirement proposal for all channels from [7] results in less than 0.25 dB improvement over the baseline and demonstrates worse performance than retaining the baseline requirements and tightening the BS RSRP estimator error by 1 dB.

Observation 3: When considering TPC error over power levels greater than Pint and practical TPC convergence, the requirement proposal for allocations without gaps from [7] results in slightly greater than 0.5 dB improvement over the baseline requirements and essentially the same performance as tightening the BS RSRP estimator error by 1 dB.

Proposal 1: Based on the analysis of the baseline UE TPC requirements, two variants of the proposed tightening of UE TPC requirements, and the basline UE TPC requirements with improved BS RSRP estimator accuracy in terms of power control convergence, it is porposed to retain the currently tentative power control requirements.

Proposal 2: If further study is needed, a framework for analyzing TPC loop convergence is recommended to evaluate proposed values for UE TPC tolerance. Such a framework should include some assumptions about the BS TPC algorithm. 
Conclusions
Based on the analysis provided in this paper, the following observations can be made:

Observation 1: When considering TPC error over all power levels and practical TPC convergence, both requirement proposals from [7] result in less than 0.5 dB improvement over the baseline and demonstrate worse performance than retaining the baseline requirements and tightening the BS RSRP estimator error by 1 dB.

Observation 2: When considering TPC error over power levels greater than Pint and practical TPC convergence, the requirement proposal for all channels from [7] results in less than 0.25 dB improvement over the baseline and demonstrates worse performance than retaining the baseline requirements and tightening the BS RSRP estimator error by 1 dB.

Observation 3: When considering TPC error over power levels greater than Pint and practical TPC convergence, the requirement proposal for allocations without gaps from [7] results in slightly greater than 0.5 dB improvement over the baseline requirements and essentially the same performance as tightening the BS RSRP estimator error by 1 dB.

Proposal 1: Based on the analysis of the baseline UE TPC requirements, two variants of the proposed tightening of UE TPC requirements, and the basline UE TPC requirements with improved BS RSRP estimator accuracy in terms of power control convergence, it is porposed to retain the currently tentative power control requirements.

Proposal 2: If further study is needed, a framework for analyzing TPC loop convergence is recommended to evaluate proposed values for UE TPC tolerance. Such a framework should include some assumptions about the BS TPC algorithm.
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Moment matching to the distribution of NW simulation path loss
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