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Introduction

For a UMTS operator it is vital to utilise all of its radio and network resources to the full in order to be able to provide various low and high data rate services to its customers. 

Currently there are issues, which are causing considerable hindrance in achieving the theoretical maximum capacity from the network. One contributory of this shortage of capacity is the presence of additional interference in the cell, which are stopping additional user from entering the cell. In order to be able to control the interference in the cell efficient power control mechanism are required and thus our attention is drawn to the issue of power control mechanisms in the DL direction. 

By considering the power control in the DL direction, the target BLER, for a particular QoS, is set by the RNC during the initial call establishment or re-establishment procedures. In order to achieve the BLER value set by the RNC, UE adjusts its SIR targets level. The SIR_taget value is dependent on the radio environmental conditions and is adjusted continuously. When the BLER level is worse than the set level, due to poor radio conditions or poor signal reception, UE raises the SIR_target value, conversely when the BLER level is better than the set level, The UE reduces the SIR_target. The SIR_target, calculated inside the UE, can be described by the following function:
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where RSCP= Received Signal Code Power, ISCP=Interference Signal Code Power in the received signal, SF=spreading factor 

Based on the SIR_target calculation, the inner loop mechanism then aims to converge to this level. The speed of SIR_target convergence is very important since it determines the SIR level that the inner loop will follow. The sluggishness of the convergence is highlighted when there is a sudden change in BLER value. See Figure 1. Here the high BLER is detected by the UE and immediately high SIR_target is set and the SIR inside the UE attempt to reach these limits. When the BLER value drops back down the SIR_target does not follow these changes and due to its sluggishness the SIR_target is decreased gradually. The long stepwise transition illustrated in Figure 1 and the area under the steps indicate the area for which cell capacity is lost due to UE’s slow response. As a consequence of slow SIR_target response the UE is not sending ‘down’ command through the inner loop and Node-B is transmitting more power than it is necessary. This high Node-B power is increasing the interference in the cell and consequently reducing the capacity of the cells. The ideal SIR_target response would be the dotted line shown in Figure 1.

Although the slow SIR_target response inside the UE may seem a trivial issue, never the less the additive effect within a cell and within a network is considerable. For operators who wish to increase the cell capacity it is vital that modifications should be made to correct the SIR_target response within UEs.
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Figure 1 SIR Convergence inside UE

The topic of outer loop power control has been debated in RAN4 on several occasions and past contributions [1-10] from various companies have indicated that there is sluggishness in the SIR_target convergence rate inside UE. 

In this contribution test results of four UEs for voice and video data are presented. The aim of these data are to illustrate that outer power control mechanism in UE, irrespective of make and model, is unable to set changes in the SIR_target to obtain the desired BLER value. These tests highlight the necessity to develop tests to quantify the performance of outer loop power control particularly when low BLER services, such as video, are utilised.

Test Procedures

Four popular UE, which are currently deployed in 3’s UMTS network, were used for these test.

The UEs were connected to TEMS test equipment and were placed in a 3G cell. 

The TEMS test equipment recoded normal voice and video call data, which were made between the test UE and another UE of the same make within the network.

Voice and video calls were recorded for 8-10 minutes.

Target BLER for voice and video calls were 1 and 0.2 percent respectively.

BLER values were altered by placing the UE momentarily inside a shielded compartment. 

All UEs were testes in mixture of pedestrian and vehicular (30-40 mph) conditions.

The tests were carried out during the day when the loading on the cell was normal.

The cell was in a good radio coverage environment.

Test Results

Following figures illustrates the SIR results collected from four popular UEs.
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Figure 2 SIR Data for UE1 voice

Figure 2 illustrates the convergence processes as triangles in the SIR target. At 47:23.7 a typical convergence process starts where the propagation conditions have change; here the BLER value has increased. Before that event the SIR target values are around 7 dB, after that event they are around 5 dB. The convergence process takes from 47:23.7 to 48:05.0, around 40 seconds. This indicates that the UE1 needs 40 seconds to adapt to changing conditions. Clearly 40 seconds is a long time for A UE to converge to a required SIR_target level.

Figure 2, also indicates that the BLER is much better than the target most of the time. This means that the UE is requiring more power than needed just to have that good BLER; the user does not perceive this extra quality. Clearly DL power is wasted.
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Figure 3 SIR Data for UE1 video

In this case, Figure 3, the convergence processes, i.e. the SIR target triangles are longer than that shown for voice, above. In this long call, it can be seen how slow the convergence process is. For example, one convergence process event starts at 35:20.8 and ends at 36:37, around 80 seconds. For a 2 dB SIR_target convergence it takes 80 seconds to converge to required level. It can be deduced that for a 4dB SIR target convergence it will need 160 seconds to reach the target. Clearly this amount of convergence delay is unacceptable in a mobile device. 

Here we observe that loss of cell capacity is more severe for services, which require higher bandwidths and lower BLER compared to voice services e.g. 64kb/s CS video calls. 

BLER values, shown in Figure 3, are most of the time below the target value.
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Figure 4 SIR Data for UE2 voice

Figure 4 corresponds to a long voice call made with UE2. The behaviour is similar to the previous UE1. The data illustrates that for a convergence event, which started at 02:31 and ended at 02:54, i.e. 23 seconds, the SIR_target convergence algorithm was attempting to converge to a SIR_targt change of around 6dBs. The convergence “triangle” represents the capacity loss, whilst this process was taking place. Furthermore the BLER results are similar: they are very low during most of the call, which again are unnecessary.
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Figure 5 SIR Data for UE2 video

By reference to Figure 5, convergence triangles are clearly seen at various times along the call. The most interesting event happens at 07:00:2, there starts a convergence process that does not end. In case the call had a longer duration the SIR target most probably will converge to a value around 3 dB. Considering the linear speed of the convergence it will take around 50 seconds for this convergence to complete. This is unacceptably long duration for the SIR_target to converge and clearly the capacity is hampered.

Except for the last portion of the call, the BLER is always below the BLER target, this will cause also severe capacity loss.
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Figure 6 SIR Data for UE3 voice
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Figure 7 SIR Data for UE3 voice – enlarged

By reference to Figure 6 and Figure 7 it can be observed that the SIR_target convergence algorithm has failed to respond to fast BLER changes between 38:29:8 and 38:42:0. Furthermore the SIR within the UE has failed to converge to SIR_target between 41:04:6 and 41:21:4 and also between 42:25:3 and 42:56:6. 
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Figure 8 SIR Data for UE3 video

Results for UE 3 Figure 8 highlight interesting findings: here the SIR target does not have a linear convergence, but has some kind of parabolic response. The results illustrate: 

1. There is still a convergence problem, for example starting at 23:30 and ending at 24:06. The area below the SIR target during convergence processes represents the capacity loss.

2. For BLER: there are much more instances of poor BLER compared with other UEs. The reason is the acceleration of the SIR_target convergence. By accelerating the SIR_target, the convergence time can be reduced, however as it can be seen, it is counter productive as it causes many bad BLER instances. This makes it necessary to measure BLER in all the Outer Loop test cases

As a summary, this outer loop has a slightly better convergence but has more instances of poor quality.
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Figure 9 SIR Data for UE4 voice

Figure 9 illustrates the slow SIR convergence between 04:02:6 and 04:13:6, where the UE has responded to a rise in BLER step, however the SIR_target has taken approximately 11 seconds to returned to previous value. Again as in previous graphs for voice data the BLER is well below the required BLER of %1 for voice traffic.     
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Figure 10 SIR Data for UE4 video
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Figure 11 SIR Data for UE4 video - enlarged

Figure 10, and Figure 11 illustrate data collected for video call on UE4. Most notable effect can be observed between 27:50:8 and 27:58:7, see Figure 11. During this 8-second period the BLER has increased dramatically however as it can be observed from the plot the SIR_target has changed from 4.5 dB to 5.25 dBs, i.e. 0.75 dB approximately. Clearly the UE has failed to respond to large BLER changes during that 8 seconds period.  

Conclusion

The experimental data collected on four popular UEs indicate that:

· Slow convergence of outer power loop algorithm is unable to respond quickly to fast changes in BLER value, caused by changes in radio condition, and the slow convergence is causing capacity reduction in the cell. These sluggish convergences are not unique to one make or model and they appear in many instances across the handsets tested. The current slow convergence rate is too long and is unacceptable. 

· The BLER achieved by all UEs for voice traffic was well below the required level (i.e. %1). This is unnecessary and a mechanism is required to adjust the UEs BLER tracking.

These results clearly illustrate that there definitely is a problem with outer loop algorithm inside many UEs and in order utilise the network to its full capacity urgent measures need to be undertaken to resolve it. 

Proposal 

We propose the work item on “Power Control Testing Improvements [11]” to be initiated in order to find a solution to slow convergence issue that currently is hampering the capacity of the network.
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