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1 Introduction and Background.

The need to improve current power control test cases in TS 25.101 [1] has been addressed, for years, in several RAN 4 documents: [2][3][4][5][6][7][8][9][10][11][12]. [12] includes field measurements in commercial UE´s and system level simulations showing that with the mentioned current status of these tests there is a significant reduction in cell capacity due to increased interference and carrier power wasting.
Since then only minor changes have been applied to these tests and this is the reason for which a Work Item proposal was presented in the plenary meeting RAN#30 [13]. During the discussion of this WI proposal it was pointed out that it should not be opened until some of the operators supporting it prove that they were suffering that capacity loss. 

Telefonica and Top optimized Technologies (ToT) have measured OLPC behaviour in several commercial UEs, detecting those situations in which power is wasted, in order to infer the capacity loss caused by a bad OLPC performance. The impact of this poor behaviour of the OLPC on network capacity is related to the occurrence probability of the mentioned situations: it is shown in this document that they appear frequently in a commercial network environment, even in a low traffic scenario.
The document structure is as follows: section 2 shows field measurements of the three main effects in which the OLPC performs very poorly, in section 3 the occurrence probability of these effects is presented, conclusions are outlined in section 4 and references in section 5.

2 Problem analysis.
According to the field measurements performed by TME and ToT, three main effects related to the present OLPC operation have been observed to impact the network capacity. They are briefly explained next.
· Initial convergence.

Initial convergence occurs at the beginning of every call. When the connection is established the system must set an initial SIR target. As there is no available information about the SIR target that will be necessary, the initial value may not be very accurate e.g. it may be too high or low resulting in a very good QoS or a bad QoS, respectively. In order to guarantee the quality at the beginning of the communication a common practise is to begin with an unnecessary high value to be then lowered, resulting in a capacity loss during the convergence time. 
A fast power adaptation to the proper SIR target value is essential for a correct system performance because the system is wasting power during the initial convergence time with the consequent reduction of network capacity.
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Figure 1. Initial convergence example on a commercial UE. Video call.
The previous figure presents a video call example in a static LOS scenario. As shown, the SIR target at the beginning of the communication is significantly higher than its value after convergence. This excess takes a long time to disappear. Therefore the capacity loss during the first part of the call will be considerable.
· Changing conditions environment.

The outer loop attempts to maintain the necessary SIR target at every moment to offer the desired quality in the communication. This function is especially critical whenever there is a change in the propagation environment.

In real communications, changes in propagation scenarios occur continuously, as nothing is completely static. Nevertheless, some general scenarios that allow modelling different situations have been defined to perform the measures. Next figure highlights the effect of a user changing from a pedestrian to a static state during a call. Once the user changes to static (stop walking) the SIR target converges slowly to the corresponding static target value. Measured devices are not able to change SIR target in an efficient manner causing severe capacity losses.
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Figure 2. Changing conditions example on a commercial UE. Video call.
In this video call example, the mentioned effect can be clearly observed. After stopping, the UE needs more than 120 seconds to decrease the SIR target to the required value, in this case 6 dB approximately.
· Wind –up.
This is a common situation that occurs when downlink transmitted power reaches the limit for the dedicated channel and the receiver is constantly requesting more power. SIR target tendency is to rise indefinitely because communication quality is never reached due to the Node-B power limitation, so that the communication quality is lower than desired.
Wind-up is a very important effect that happens usually in loaded scenarios; in these cases the interference from other users, and consequently the power requirements, are higher. Performed measures show that present systems take a long time to adjust this SIR target excess when the device exits the wind-up situation, so, the impact on network capacity is expected to be considerable, specially in high-loaded networks.
Next figure shows how the SIR target increases and how the OLPC blocks it when its difference compared to received SIR exceeds a certain value.
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Figure 3. Wind-up example (indoor) in a commercial UE. Video call.
This image exposes a wind-up situation that takes place between seconds 35 and 70 approximately. It corresponds to a video call in an indoor scenario with high attenuation and an outdoor antenna. When the wind-up condition finishes the SIR target is slowly reduced for a long period. This problem also appears in outdoor scenarios, as shown in next figure.
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Figure 4. Wind-up example (outdoor). Commercial UE. Video call.
3 Generalization.

It is important to note that the problems exposed in the previous section are not exclusive to a particular manufacturer or device. Different UEs from a number of manufacturers have been analysed to confirm that all the commented effects are not specific to a reduced group of devices. Some of the UEs tested have been recently launched, which shows that even new UEs present outer loop power control convergence problems. All of them present a similar defective behaviour in a larger or smaller way. Field measurements demonstrate the deficient OLPC performance in different network vendors and different user equipment units. As an example, next figures show an initial convergence case for three different UEs, generically called “UE 1” , “UE 2” and “UE 3”.
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Figure 5. Initial convergence example (UE 1). Video call.
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Figure 6. Initial convergence example (UE 2). Video call.
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Figure 7. Initial convergence example (UE 3). Voice call.
Figure 5 and figure 6 correspond to a video call while figure 7 shows a voice call. These graphics show that UEs may need several seconds to converge to the desired SIR target value. During this time, significant power is wasted.
System simulations were performed in order to evaluate the effect of these problems in the network. In [12], system level simulations show how the lack of outer loop convergence test cases in complex scenarios can reduce network capacity by figures in the order of 30%. These system simulation results were accepted by RAN4. 
In order to evaluate the effect of these problems on a real network, all the calls in a certain node-B sector during a period of time have been recorded by a tracing system in the RNC. Massive uplink measurements demonstrate that these power control convergence problems are common problems and they appear frequently in a commercial network environment, even in a low-load scenario. This analysis was only performed for voice call service due to the fact that most calls are voice calls in current networks.
The processing of the resulting log files obtained during the RNC tracing allows finding the parts in a call where the SIR target experiences a significant convergence process. The magnitude and duration of these negative slopes have been computed.
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Figure 8. Processing example. Voice call.
A method to check the importance of the initial convergence has been studied. It is based on finding calls that have a descendent SIR target interval of 10 seconds or more, starting at the first 5 seconds. The results show that 68.35% of calls have a slow initial convergence. Furthermore, 25.15% of the total time (the sum of each call time) is dedicated to this initial convergence.
Similarly, the convergence problem due to changing conditions and wind-up effects can be evaluated finding calls that have a descendent SIR target interval of 10 seconds or more, not starting at the first 5 seconds. This condition has been found in 26.62% of calls. Table 1 summarizes these figures.

	
	Calls with a initial convergence of 10 s or more (initial convergence)
	Calls with a mid-of-the-call convergence of 10 s or more (wind-up and changing conditions)

	% of calls
	68.35 %
	26.62 %

	% of time spent in convergence process
	25.15 %
	12.34 %


Table 1. Occurrence of the different effects.
Another analysis on these traces shows that the lack of convergence implies an average SIR excess of 0.8 dB for voice service. The approximate capacity loss due to an excessive SIR target can be deduced from the following expression [14], where X is the SIR target excess expressed in dB:
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This means a network capacity reduction of 16%. This figure is for UL, DL results will be similar or even worse.
It must be taken into account that the previous values have been obtained from a low traffic load network and they will increase progressively as the number of 3G users grows. It is also important to keep in mind that the measurements have been taken in a live commercial network and the calls are performed by standard users not related to the tracing process. Almost no video calls are measured due to its reduced presence in current networks.
4 Conclusion. 

Initial convergence, changing propagation conditions and wind-up are situations in which an OLPC that only satisfies the current power control test cases in TS 25.101 performs very poorly. Field measurements performed by Telefonica and ToT show that the occurrence probability of the mentioned situations is high enough to imply a severe network capacity loss. 3GPP should address this issue to improve network capacity and allow operators to give a better service to their subscribers.
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