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1 Introduction

It has been proposed in earlier contribution to relax in the inner loop power control step size accuracy for some exceptions [1] [2]. The current accuracy requirements are defined in [3] and are ( 0.5 dB for 1 dB step size over the entire dynamic range. The proposal is to relax these requirements (accuracy) from ( 0.5 dB to ( 1.5 dB for the exceptions cases. 

This contribution provides system simulation results in terms of uplink cell and user throughput when the accuracy is relaxed for different number of exception cases. 

2 System Models

2.1 Simulated cases
The following cases in terms of PC step size accuracy are simulated:

· Case 1: 0 dB of inaccuracy (Ideal case as reference cases)

· Case 2: ( 0.5 dB of inaccuracy (current 3GPP specification [3])

· Exception cases: ( 1.5 dB inaccuracy is applied only when passing the gain switch point otherwise ( 0.5 dB inaccuracy is applied
· Exception case A: 2 switching points [+1, +11] dBm

· Exception case B: 3 switching points [-5, +3, +11] dBm

· Exception case C: 4 switching points [-13, -5, +3, +11] dBm

2.2 Inaccuracy modeling
A uniformly distributed error is used for modeling the inaccuracy. For example in a uniformly distributed error between [-1.5 1.5] dB or [-0.5 0.5] is applied on top of the effect of “UP”/”Down” PC commands.
It is important in the analysis the manner in which the inaccuracy is applied during the gain switching. The inaccuracy of (1.5 dB is used only during the gain stage switching as described by the examples below:

Example 1: Pcurrent slot_1 = 10.8 dBm
· If “UP” TPC command received

· Pslot_3 = (10.8+1) dBm + random error between [-1.5, 1.5] dB

· Else if “DOWN” TPC command received

· Pslot_3=(10.8 -1) dBm + random error between [-0.5, +0.5] dB

· Else

· Pslot_3 = 10.8 dBm + random error between [-0.5, +0.5] dB

Example 2:  Pcurrent slot_1 = 11.6 dBm
· If “UP” TPC command received

· Pslot_3 = (11.6 +1) dBm + random error between [-0.5, +0.5] dB

· Else if “DOWN” TPC command received

· Pslot_3=(11.6 -1) dBm + random error between [-1.5, 1.5] dB
· Else
· Pslot_3 = 11.6 dBm + random error between [-0.5, +0.5] dB

The above examples illustrate that larger inaccuracy is applied only once when UE transmit power traverses the gain switch point. 
2.3 Simulation Parameters
The simulation parameters are listed in table 1 below:

Table 1: Simulation parameters used in system simulation
	Parameter
	Value

	Network model
	7 sites; 3 sectors per site with wrap around. 

	Site-to-site Distance
	1000 meters

	Channel model
	 VA3, PA3, TU3

	Service
	Full buffer data

	Receiver Type
	2 way receiver diversity

	TPC Command Error Rate
	4%

	PC Step Size
	1 dB

	PC Delay
	2 slots

	EUL TTI length
	2 ms

	BLER target
	1%

	UE maximum output power
	21 dBm

	Shadow fading standard deviation
	8 dB


2.4 Performance metrics
The performance metrics include:

· Average cell throughput

· UE ratio of gain stage switching occurrence every slot
· Indicates how many UEs have the gain stage switching occurrence in a slot
3 Simulation Results

3.1 Cell Throughput
Figure 1 shows cell throughput as a function of offered load in PA3 environment for different simulated cases. The results are also summarized in table 2, where the cell throughput results are compared with the reference case, which is based on current requirements (i.e. inaccuracy of ( 0.5 dB over the entire range). As expressed in table 2, throughput losses are approximately 2%, 4% and 5% for 2, 3 and 4 exceptions respectively. Similar results for VA3 and TU3 are in the annex (figures A.1-A.2).
The throughput loss above 2% is considered substantial given the fact that simulation does not incorporate all impairments encountered in reality. Furthermore, simulations don’t cover all possible scenarios and channel environments. Based on these results we don’t recommend having more than 2 exceptions and even up to 2 exceptions should be considered with caution. 
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Figure 1: Cell throughput in PA3 environment
Table 2: Summary of rsults for PA3 
	Simulated cases
	Cell throughput (Mbps/cell)
	Throughput loss compared to reference case (%)

	Reference case: ( 0.5 dB inaccuracy 
	1.124
	0

	2 switch points
	1.105
	( 2

	3 switch points
	1.084
	( 4

	4 switch points
	1.072
	( 5


3.2 Gain Switch Occurrence

Figure 2 shows the cumulative distribution of the ratio of UE encountering the gain switching point to the total number of UE in a slot in PA3 environment. Similar results are given in the annex for TU3 and VA3 (figures A.3 and A.4). The results for PA3 are summarized in table 3.

Figure 2 shows that the gain stage switching occurs more often with the increase of switching points. The 50th percentile of UE ratio of gain switching in a slot for 2, 3 and 4 exception cases are approximately 5%, 8% and 11% respectively. 
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Figure 2: Statistics of UE ratio of gain switch occurrence per slot
Table 3: Summary of results for PA3
	Simulated cases
	50th Percentile of occurrence (%)

	2 switch points
	( 5

	3 switch points
	( 8

	4 switch points
	( 11


4 Conclusion
This contribution provides system simulation results to study the effect on the system performance of relaxing the power control step size accuracy for some exception cases. Our results and analysis reveal that more than 2 such exceptions would lead to noticeable loss in cell throughput and system degradation. Furthermore, as discussed in [4] that factors and conditions such as impact of testing in conditions other than ‘normal’ should be taken into consideration before introducing any exception cases. 
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Annex A: Additional Results in Different Channel Environment
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Figure A.1: Cell throughput in TU3
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Figure A.2: Cell Throughput in VA3
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Figure A.3: Gain Switching Statistics in TU3
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Figure A.4: Gain Switching Statistics in VA3
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