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1. Introduction and Background

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 of BLER-Based OLPC for Low BLER target services and based on  the problems, reported in [2], in the DoCoMo commercial network.

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 has made field measurements in the Telefónica Móviles España (TME) commercial network which confirm the very low convergence speed of the OLPC in all the commercial UE´s tested. 

A low 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, 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. Thus, a change request [3] is proposed in order to test the OLPC convergence speed.

With these thoughts in mind, it is proposed in the conclusions of the document to open a study item which considers alternative OLPC designs, not only based on BLER measurements, in order to overcome the inherent low convergence speed of the one based on this quality measurement for Low BLER Target services; and the “Outage-Based” OLPC is presented as one of the candidates to overcome this problem.

The document structure is as follows: section 2.1 presents the field measurements in the Telefónica Móviles España (TME) commercial network; in section 2.2 the mentioned measurements and the ones presented by DoCoMo in [2] are commented, then the need for a test for the OLPC convergence speed is justified; section 2.3 constitutes the new test case defined in order to validate the convergence speed of the OLPC for Low BLER Target services; the conclusions are outlined in section 3. The complete test change proposal in form of Change Request is given in Annex A. The mentioned “Outage-Based” OLPC is presented in Annex B.

 2. OLPC convergence speed

2.1 OLPC convergence speed field measurements
Top optimized Technologies (ToT) has performed field test measurements in the Telefónica Móviles España (TME) commercial network. The tests were made with various commercial UE´s in order to observe the OLPC convergence speed.

Figure 1 presents the SIR Target set by a UE called here UE 1 for a video call (BLER Target 
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).  The scenario of the measurement consists of an abrupt favorable change in link conditions at 11:00 minutes. The ideal behaviour of the SIR target is to descend immediately to the new SIR value (corresponding to the new propagation conditions). It can be seen that it takes more than one minute (from 11:00 to 12:04) to get to the new range of SIR target value adapted to the new conditions (around 4 dB). 
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Figure 1: SIR Target vs. Time (Low BLER Target service) in commercial UE 1

Figure 2 represents the received SIR for a commercial UE called here UE 2 in a video call with SIR Target of 
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. Although the SIR Target could no be obtained due to limitations of the measurement software, it can be inferred that the inner loop is following this value, i.e., the received SIR throughout the time of the simulation is approximately equal to the SIR Target. The same type of behaviour is observed as in the previous figure, with a slow decrease in SIR after an abrupt change in the link conditions.
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Figure 2: Downlink Received SIR Target vs. Time (Low BLER Target service) in commercial UE 2

Figures 3 and 4 show the received pilot channel and the SIR Target set by a third UE called here UE 3 in a voice service (BLER 10-2), at 16:16:30 an unfavorable change in the propagation conditions is provoked and the new channel condition is maintained until 16:17:15 when now a favorable change in the radio condition is seen by the UE (see the pilot channel in Figure 3), the impacts on the SIR Target set by the UE 3 can be seen in Figure 4 in which a slow convergence from 16:17:15 until 16:19:15 is observed. 
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Figure 3: Pilot channel in commercial UE 3
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Figure 4: SIR Target vs. Time in commercial UE 3

Figures 5 and 6 show again the pilot channel and the SIR Target of the same UE 3 again in a voice service (BLER 10-2), in this case no change in the propagation conditions has been provoked, however it can be seen that the UE enters in handover at about 17:28 (Figure 5) which disappears 50 seconds later, and this implies and increase in the SIR Target which takes about three minutes to settle down.
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Figure 5: Pilot channel in commercial UE 3
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Figure 6: SIR Target vs. Time in commercial UE 3

It should be stressed in all the figures that, once the abrupt change is applied, the required SIR value 

is that achieved by the outer loop at the end of the observation time. This value is only reached after a significant amount of time. While the received (or target) SIR is slowly decreasing towards its required value, power is being wasted at the base station, and interference to other users is being unnecessarily high.

2.2 Comments on the OLPC field measurements 

The SIR Target behaviour observed on Figures 1, 4 and 6 in section 2.1 corresponds to that of the BLER based OLPC, in which the step down size is of the order of the BLER Target [4]. This is why the SIR Target is decreased at very low speed as seen on the graphs.

With respect to Figure 2 it is similar to Figure 3, which corresponds to the field measurements reported by NTT DoCoMo in its commercial network [2]. In both cases the received SIR is represented (blue line in the latter) and the slow OLPC convergence speed can be observed again from the low slope of the curves right after the abrupt favorable change in the radio conditions (see the region of the curves within the red circle), in fact it takes about twenty seconds for the received SIR to settle down in both cases. 

Note: in Figure 7 it can be observed that between points 2 and 3, it takes approximately seven minutes for the BS to start decreasing its emitted power, this undesirable situation probably happens due to a very poor anti wind-up algorithm in the tested UE. Although this can be corrected by proper anti wind-up algorithms, this has nothing to do with the OLPC convergence speed itself, which affects the length of the descending line, once the anti wind-up has ceased to operate.
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Figure 7: Downlink Received SIR Target vs. Time (Low BLER Target service) in commercial UE (source NTT DoCoMo)

Thus, from the previous graphs it is obvious that there is an excess of power emission for a long period when, as in the field tests performed by ToT and NTT DoCoMo, there is a favorable change on the propagation conditions. 

The approximate capacity loss due an excessive SIR target can be deduced from the following expression [5]:
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where X is the SIR Target excess expressed in dB. Therefore, 1dB excess implies a roughly 20% capacity loss. From the graphs in section 2.1, this 1dB excess can happen even in a very conservative scenario. 

2.3 New OLPC convergence speed test case description

In the following, by "good" ("bad") propagation conditions, a multipath channel with a relatively low (high) required SIR is to be understood. Thus, a channel with multipath diversity, or with a strong line-of-sight component, is better (lower required SIR) than one with little resolvable paths, or with pure Rayleigh fading.

As stated in the previous section the very low convergence speed shown by the OLPC in commercial UE´s imposes the proposal of a new test case in TS 25.101 [6]. It is not sufficient to define the Low target BLER test case as proposed by NTT DoCoMo in [2]. Although that test case is necessary to prevent from poor anti wind up algorithms in the UE (i.e. from unnecessarily high SIR targets), there might be situations in which a high SIR target is indeed necessary (i.e. the anti wind-up is not activated), and then a change in radio conditions causes a reduction in the required SIR target. It is essential to guarantee a fast response of the outer loop in such situations. In order to achieve this, a new test case should be introduced, completely independent of the wind-up test case.

Thus, it is necessary to define a test in order to check the convergence speed of the OLPC algorithms in the UE for Low Target BLER under the following propagation scenario: transition from bad to good propagation conditions in which there has been no power limitation (anti wind up not activated) while in the bad radio condition. 

The purpose of this test is to check that for Low Target BLER services, the OLPC performs, under the previous propagation scheme, in a similar way than in the case of initial convergence; i.e., this test case is similar to that of section 8.8.1 in [6] (initial convergence) where not only the range of values of DPCH Ec/Ior is to be defined, but also times T1 and T2.

Note 1: as proposed in [7] for the initial convergence test case, the new test proposed in this document should also ensure the initial convergence of the BLER in addition to the initial convergence of DPCH Ec/Ior, thus this has been taken into account in the complete test proposal given in Annex A.
Note 2: a very poor OLPC convergence speed has been observed not only for Low BLER Target services but also for the voice service, however the new tests proposed are only for the former because it is the most critical one since once the OLPC convergence speed is guaranteed for Low BLER Target services so it is for less demanding ones. 
3. Conclusions
Although Outer Loop Power Control (OLPC) is not part of the specifications, the field measurements performed by Top optimized Technologies in commercial UE´s show that all of them seem to make use of the BLER-based OLPC. This field measurements also show that this type of OLPC is not valid for Low BLER Target services due to its inherent low convergence speed when a favorable change in the propagation conditions takes place or after a handover. As shown in section 2.2 of this document, this unwanted feature can reduce the Network capacity by totally unacceptable levels. 

Based on this the specifications should include a test case for the convergence speed of the OLPC for Low BLER Target services and that is why a change request has been proposed to include a new one in TS 25.101. 

The BLER (or equivalently the FER) is not the only available quality measurement for OLPC, in fact there are already proposals in the scientific literature of OLPC designs based on another quality criteria like the Outage Probability [8]. One of the key features of some of this alternative solution, known as the “Outage-Based” OLPC, is that its convergence speed is independent of the service and thus they overcome the inherent poor performance of the BLER-based scheme for Low BLER Target services (simulation results of this type of OLPC, that confirm this behaviour, are presented in Annex B of this document). It is proposed to start a study item which considers alternative OLPC designs, not based on BLER measurements, in order to overcome the inherent low convergence speed of the one based on this quality measurement for Low BLER Target services. 

Note: the “Outage-Based” OLPC is already being proposed in RAN 1 as a candidate for the Fractional Dedicated Physical Channel (F-DPCH) [9]. 
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Annex A

A.1
Power control in the downlink, Outer Loop Power Control convergence speed

This requirement tests the convergence speed of the OLPC algorithms in the UE for Low Target BLER under the following propagation scenario: transition from bad to good propagation conditions in which there has been no power limitation (anti wind up not activated) while in the bad radio condition. 

A.2
Minimum requirements

For the parameters specified in Table B.1 the downlink DPCH_Ec/Ior power ratio measured values, which are averaged over 50 ms, shall be within the range specified in Table B.2 more than 90% of the time. T1 equals to TBD ms and it starts 10 ms after the DPDCH physical channel is considered established and the first uplink frame is transmitted. T2 equals to TBD ms and it starts when T1 has expired. Power control is ON during the test.

The first 10 ms shall not be used for averaging, i.e., the first sample to be input to the averaging filter is at the beginning of T1. The averaging shall be performed with a sliding rectangular window averaging filter. The window size of the averaging filter is linearly increased from 0 up to 50 ms during the first 50 ms of T1, and then kept equal to 50ms.

Table B.1: Test parameters for downlink power control
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Table B.2: Requirements in downlink power control
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Annex B

B.1 The Outage-Based OLPC

The objective of these solutions 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. This on-line tuning process of the fade margin in the OLPC corresponds to a mathematical problem known as "Optimal power control in interference limited fading wireless channels with outage-probability specifications", and it was firstly considered in [5]. Since [6] an analytical solution for this problem exists and the outcome of a dynamic simulation developed to test this solution confirms the ability of the “Outage-Based” OLPC to maintain the required QoS irrespective of the changes in the channel propagation conditions. 

It is proposed for discussion to use an inner loop + outage based outer loop for the F-DPCH power control. The advantages of this method are:

· Its behaviour is not conditioned by error rate measurements.

· It adapts very quickly to changes in propagation conditions and it does it independently of the target quality.

Figure 8 represents simulations results comparing an error based power control mechanism and an outage based power control mechanism, there is an abrupt favorable change in propagation conditions at 100 seconds. It can be seen that the error based power control simulation result has a very similar behaviour as in previous figures of this document (real measurements) and that the Outage-Based OLPC is able to react very quickly to a favorable change in the radio condition.




Figure 8: BLER-Based compared to Outage-Based OLPC (BLER Target 0.1%)
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