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1. Introduction and Background

A low Outer Loop Power Control (OLPC) convergence speed can have negative consequences like: blocking and dropping of calls and reduced cell capacity due to increased interference. In the case of Low BLER Target services, such as the real time video service, a proper OLPC convergence speed is even more critical since they are gaining popularity among consumers and are thus becoming an important source of revenue for operators, network manufacturers and UE vendors.

The need for a test case for the convergence speed of the Outer Loop Power Control (OLPC) was presented in RAN4#33 [1]. This proposal was justified based on the inherent low convergence speed of the BLER-Based OLPC for Low BLER target services [2][3][4] and based on  the problems reported in commercial networks [5].
It was decided in that RAN4 meeting that more operators should report problems in its commercial network in order for that test case to be accepted. Top optimized Technologies (ToT) presented in RAN4#34 [6] field measurements in a commercial network which confirmed the very low convergence speed of the OLPC in all the commercial UE´s tested. It was then required to perform system level simulations in order to have a clear analysis of the overall impact of the problem. As a way forward, the chairman proposed that these system simulations were performed and that once that companies were convinced of the extension of the problem, a Study Item or Work Item could be created to address the need for new test cases.

ToT has developed a system level simulator and the results shown in this document confirm the overall impact of the already commented low convergence speed of the BLER-based OLPC in terms of dropped calls, capacity and interference when compared to alternative OLPC designs like the Outage-Based one.
Based on the previous arguments it is proposed in this document to open a Study Item or Work Item in order to study the OLPC performance in depth.
The document structure is as follows: section 2 presents the research that the problem of the low convergence speed of the BLER-OLPC is generating; in section 3 the Outage-based OLPC is presented as an alternative to the BLER-based; the system level simulation model is described in section 4; the results of this system level simulation are presented in section 5; and conclusions are outlined in section 6. 

2. Research on the low convergence speed of the BLER-based OLPC

Although Outer Loop Power Control (OLPC) is not a part of the specifications, the field measurements performed by Top optimized Technologies in commercial UE´s [6] showed that all of them seem to make use of BLER-based OLPC algorithms similar to the one described in [3], which is the most referenced when talking about OLPC. This is the case of the well-known reference [2] (Holma).This paper by Sampath [3] concludes: “(…) however, too small step sizes may result in sluggish convergence to the system steady state at start-up or when conditions change. Further work is required to study the tradeoff between convergence and excess power used in the choice of step sizes”. Thus, it is admitted in the mentioned paper that the algorithm therein described has limitations. Many other later papers like [4] have focused precisely on accelerating the convergence speed of the BLER-based algorithm.
These limitations are also confirmed in the already mentioned Holma [2] which states that: “(…) If the received quality is estimated based on BLER measurements, the adjustment of the SIR target is very slow and the convergence speed of the SIR target to the optimal value takes a long time. Therefore for high quality services the soft frame reliability information has advantages.”  Following this philosophy of extracting soft information from every frame, several patents from different companies have been published during the past years [7].
Thus, from the previous two paragraphs it can be derived that the problem of the low convergence speed of the BLER-based OLPC is generating a lot of discussion and research.

3. The Outage-based OLPC
One of the candidates to overcome the inherent low convergence speed of the BLER-based OLPC is the Outage-Based OLPC. The objective of this novel OLCP is to adapt the fading margin (which is a component of the SIR target) corresponding to the current fading statistics and to the desired Outage Probability which is now used as a quality criteria in addition to the BLER. This on-line tuning process of the fade margin in the OLPC corresponds to the mathematical problem that naturally appears in an interference limited system and it is known as "Optimal power control in interference limited fading wireless channels with outage-probability specifications". This problem was firstly considered in [8] and since [9] an analytical solution for this problem exists which has been used in the system level simulation presented in this document.

Note: in the Outage-based OLPC the quality criteria is the outage probability, however it is designed so that the constant BLER target situation is also achieved because this is the ultimate goal of this component of the WCDMA power control system. This key feature of the Outage-based OLPC is confirmed by the outcome of the system level simulation shown below.
4. System level simulation model
Simulations have been carried out in order to evaluate the system-level impact of the outer loop. The simulations follow a dynamic, system-level approach; however, in order to capture the behavior of the outer loop, certain link-level aspects need to be included in the simulation. Specifically, it is essential to simulate the errors in the radio blocks, which constitute an input to the outer loop algorithm.

The simulation models user movement and traffic generation (call arrivals, call terminations and handovers) in an urban, Manhattan-like environment. For each active user, inner- and outer-loop power control are executed, and results are collected for subsequent analysis. The simulation time has been chosen large enough to obtain statistically representative results.

The results presented in this document consider the uplink, with a limited active set size of 1. Two OLPC algorithms are compared: a BLER-based algorithm as the one described in [3] and the Outage-based OLPC described in section 3 of this document. 
The simulation hypotheses have been chosen so as to make the simulation as simple as possible, yet detailed enough to capture the outer loop behaviour. Simulation assumptions have been taken from 3GPP documents, mainly [10]. For several aspects, in which no information has been found in 3GPP documents, ETSI models have been used. The simulation model is detailed in Annex A.
5. System level simulation results

Figure 1 depicts the call dropping percentage versus the average number of active users in the simulation. The results for both the BLER-based algorithm and an Outage-based algorithm are given. 
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Figure 1. Call dropping vs number of users.
The shape of the graphs for both algorithms are similar, the difference is that with the Outage-based one,  the number of dropped calls starts rising with 15% more users than with the BLER based on. Numerical values are given in Table 1.
	
	2% Call dropping 


	10% Call dropping
	15% Call dropping

	BLER-based
	200 users
	235 users
	257 users

	Outage-based
	230 users
	273 users
	320 users

	Difference (capacity increase)
	30 users (15%)
	38 (16%)
	63 (24.5%)


Table 1. Number of users for different call dropping objectives.

Figure 2 depicts the BLER for all the calls versus the average number of active users for both BLER and outage based algorithms. It can be seen that both algorithms achieve similar BLER values, i.e. BLER stability is similar for both algorithms in not saturated conditions. When the system reaches saturation conditions, the Outage- based gives better quality results.
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Figure 2. BLER for all the calls vs number of users.
Figure 3 shows the average interference generated at the node-B for both algorithms. We can see that in all circumstances the Outage-based algorithm graph is below that of the BLER-based one. This is the reason for the different capacity values seen in figure 1: with less interference, the cell capacity is increased maintaining the BLER objective; this is one of the main principles of CDMA.
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Figure 3. Interference vs number of users.

In Figure 4 the SIR Target evolution in a video call for both the BLER-based and the Outage-based OLPC are represented. It can be observed the difference in the convergence speed in both designs when there is a favorable change in the propagation conditions, this occurs approximately at 35 seconds. After this moment, the BLER-based OLPC takes more than 30 seconds to settle down while the Outage-based takes only about 2 seconds. 
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Figure 4. SIR Target evolution
The objective of these figures is to show that there is a lot of room for improvement in cell capacity. Again, the reason for this significant improvement is the high convergence speed of the Outage-based OLPC under variable fading environments as shown in Figure 4.
6. Conclusions
The huge amount of research, including technical papers and patents, generated by the problem of the low convergence speed of the BLER-based OLPC shows that there is general agreement on the great impact that this undesirable feature could have on Network optimization. However, from the field measurements performed by Top optimized Technologies in commercial UE´s [6] it can be derived that current designs do not show much improvement compared to the “classical” OLPC algorithm in [3] and later proposals, like the one in [4], still based on BLER measurements.
This widely used OLPC algorithm presented in [3] ensures the BLER target in stable conditions and then it is appropriate for the constant BLER target test in section 8.8.1 of TS 25.101 [11]. But this BLER-based OLPC fails in variable fading environments as stated in [4] and confirmed by the field measurements performed by Top optimized Technologies [6]. So, it would be desirable to include a test in the specifications for the OLPC performance under changing propagation conditions which set a maximum OLPC convergence time.
Top optimized Technologies has developed a dynamic system level simulator and the results shown in this document confirm the overall impact of the already commented low convergence speed of the BLER-based OLPC, in terms of call dropping and reduced cell capacity due to increased interference. The latter reaches totally unacceptable levels when compared to alternative OLPC designs like the Outage-Based one. 
Real life operation and system level simulation confirm that the current OLPC designs are seriously jeopardizing the W-CDMA technology, there is thus a need to open a Study Item or Work Item to address the need for new test cases and for alternative designs to the BLER-based OLPC.
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Annex A

The simulation model is now described in detail.
· An urban microcellular system in a Manhattan-like environment is considered as described in [10]. It has been noted in the referred document that the node-B distribution is "not a very intelligent network planning". In order to obtain a more realistic distribution, the node-B separation has been increased and the number of node-B's has been reduced to 24, as shown in figure 5. Wrap-around is applied.

· The propagation model, antenna gains, cable losses and minimum coupling loss are as given in [10]. Node-B noise power is -103 dBm in a 4 MHz bandwidth [10].

· Shadow fading has a standard deviation of 10 dB [10]. Spatial correlation is modelled by an exponential function of distance [12] with a correlation distance of 10 m.
· The multipath channel is as given in [11], case 1. Three different speeds are considered, namely 3, 20 and 50 km/h, with classical Doppler spectrum. In order to model LOS and NLOS scenarios, Rice factors of 6 dB and -10 dB are respectively considered in either case.
· Users move in a random way based on the model given in [13] for dynamic simulations in an urban environment. Users move in straight lines towards the next street junction, where a direction change takes place with probability 0.5. In addition, a speed change may independently occur with the same probability. User movement is not restricted to the middle of the streets.

· Call arrivals constitute a Poisson process. The unencumbered call duration is an exponential random variable with mean 120 s, as in [13]. 

· A call drop occurs whenever the measured BLER reaches 10% in a 3-s window.

· Two different services are considered, with the following parameters.

· Speech service with 12.2 kb/s source rate, 60 kb/s bearer rate, 20 ms blocks, target BLER 1%,  factor (DPCCH/DPDCH amplitude ratio) 11/15, user activity 100%, maximum transmit power 21 dBm. The period of the outer loop algorithm is 20 ms, i.e. once per CRC. 

· Video-call service with 64 kb/s source rate, 240 kb/s bearer rate, 20 ms blocks, target BLER 0.1%,  factor 11/15, user activity 100%, maximum transmit power 24 dBm. The period of the outer loop algorithm is 20 ms, i.e. once per CRC.

· The service proportion is 95% video-call, 5% speech. This has been selected to evaluate the impact of the outer loop on video-call.
· Active-set size is limited to 1. Each active user is assigned to the node-B with the strongest received pilot.
· The inner-loop power control uses algorithm 1 with 1 dB step. Power control commands are received with 3% error rate.

· SIR estimation error is modelled as a Gaussian random variable with 0 mean and 0.5 dB standard deviation.
· The BLER-based outer-loop power control uses 1 dB up step, and down step according to the target BLER (this rule follows the recommendations in [3]).

· Wind-up is detected when the measured SIR, averaged in 0.1 s, is lower than the target SIR by 3 dB or more.

· The initial target SIR is -25 dB in all cases. This value is lower than the minimum required SIR, and has been selected in order to facilitate initial convergence. The call drop condition is not monitored within the first 3 s of duration, also to allow initial convergence.

[image: image5.emf]0 200 400 600 800 1000

0

100

200

300

400

500

600

700

800

900

1000


Figure 5. Node-B distribution
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