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1. Introduction

In WG1, WG2 and in WG4 the outer and inner loop power control is discussed. The outer loop can be situated either in the UE or in the network. The normal case is that the outer loop is in the UE, otherwise the signal load will be very high. The network may also signal the SIR-target and disconnect the normal outer loop of the power control. 

2. Outer loop

2.1
Purpose of the outer loop power Control

The purpose of the outer loop power control is to handle different environments. The quality of the data depends on the received signal to interference ratio but when the environment changes the mapping between quality of the data and the SIR value vary. This mapping is therefore controlled by the outer loop power control. 

In a static environment the SIR target should be as constant as possible, otherwise the performance will be degraded due to varying received signal levels. When the propagation conditions vary the outer loop power control shall vary the SIR target fast enough to follow the changes of the environment. 

2.2
Parameters of the outer loop power control 

The target quality of the outer loop power control has been discussed to be either BLER or Physical BER. The performance of the control loop when the respective parameters are used will be discussed in the next paragraphs. 

The BLER is measured on a transport channel while the power control is applied on a physical channel. If this parameter shall be used one transport channel should be signaled as the reference transport channel for the outer loop power control. Then the outer loop power control can use one binary sample for every transport block of the actual transport channel. If the QoS requirement for this transport channel is based on the BLER value the mapping from QoS to the target value is very simple, otherwise it is more complicated. The mapping between the BLER and the SIR-target is very sensitive since at least for turbo coded data the BLER varies very fast with the SIR. 

The Physical BER is measured on the downlink DPDCH channel. The outer loop power control can with this variable get statistical information every physical bit. The mapping from QoS parameters to Physical BER is more complicated than from BLER. However, the slope between the Physical BER and the SIR is reasonable. Therefore it is easier to estimate the difference in SIR needed to get a good performance on the when the physical BER is used than when BLER is used. Eith this view it seems that the Physical BER is better  than the BLER for the outer loop power control. 

2.3
Performance of the outer loop power control

The performance of outer loop power control depends on the implementation. Simulations of the outer loop power control have been performed. Three different algorithms are simulated, the jump algorithm, an algorithm based on a PID-controller using physical BER and one algorithm based on a PID –controller using BLER. The channel is a turbo coded transport channel which is transmitted on a physical channel with SF=32. The TTI is 10 ms. 

The jump controller does increase the SIR target every time the CRC does not check and decreases the SIR target by an amount (BLER_target/(1-BLER_target) otherwise.

The simulations show the degradation in dB for a given BLER when the outer loop has adjusted to the correct mean value.
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Figure 1: The performance in dB for the BER, BLER(FER) and Jump algorithm on an ITU Outdoor vehicular channel model

Here it is seen that the controller using the Physical BER shows better results than the jump or BLER controllers, especially for low BLER rates. 

When the environment varies, it is important that the quality of the service is kept but without transmitting too much power. Here the BER controlled algorithm is clearly superior to the BLER controlled algorithm. When estimating the number of bit errors an estimate of the difference in SIR can be calculated quite easily already after the first code block. This can then be improved for each code block. When using BLER you normally get one Block error every code block. Therefore the time before enough statistics are received to judge the quality is much longer for the BLER-based algorithm. The number of bits received during a transport block is a measure on how much faster the BER based algorithm is to adapt to the new environment. This number of data bits are up to about 5000 per transport block. 

2.4
Conclusion

From the discussion above it is seen that a Physical BER control loops can be made better than the BLER control loops, both in static environment and when the propagation conditions varies. From these conclusions a physical BER based control loop should be assumed. Mapping between the QoS parameters and the physical BER target must be performed somewhere. If this mapping is performed in the network the Physical BER value can be signaled down to the UE. Since the network has more information regarding the environment this mapping should be made there. The rate of the signaling is very low. 

2.5
Minimum Requirement

There should be minimum requirements of the outer loop power control when the channel does not change and one when the conditions change so that the SIR target varies. The proposal for the static channel is given in the CR attached to this docoment. The requirement is here that on a certain propagation channel and a certain SIR target the performance parameters should be max BLER and Max DPCH_Ec/Ior.

There should also be requirements on how fast the UE reacts to changes in the environment. The proposal for a requirement is to have a varying propagation channel. When the propagation channel varies, the SIR needed to have a good performance varies. With a periodic varying channel the requirement of the BLER and the maximum transmitted output power is given.

Simulations showing a channel with 8.8 kbps data rate and running 5km/h are shown in Figure 2. The propagation conditions varies between 1 tap and 4 taps. Here it is seen that the SIR target varies 3 dB depending on the number of taps. Therefore it is proposed to have a periodic channel with the following parameters defined for this requirement.
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Figure 2: Simulations of a 8.8 kbps data channel
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8.9
Outer loop power control in downlink 

Outer loop power control in the downlink is the ability of the UE receiver to maintain the suitable target for the inner loop closed loop PC according to the required link quality set by the network.

8.9.1
Static Requirements on the outer loop power control in the downlink

8.9.1.1
Minimum requirements

For the parameters specified in Table 46 the downlink 
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 power shall be below the specified value and the reported BLER value shown in table 47.

Note

1. Power control is ON during the test.

2. The averaging time T shall be long enough to minimize the previous quality target impact to the result.

Table 46: Test parameter for downlink outer loop power control 

Parameter
Unit
Test 1
Test 2
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Table 47: Requirements in downlink outer loop power control

Parameter
Unit
Test 1
Test 2
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8.9.1
Requirements on the outer loop power control in the downlink when the environment is varying

8.9.1.1
Minimum requirements

For the parameters specified in Table 46 the downlink 
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 power shall be below the specified value and the reported BLER value shown in table 47.

Note

1. Power control is ON during the test.

Table 46: Test parameter for downlink outer loop power control 

Parameter
Unit
Test 1
Test 2
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Table 47: Requirements in downlink outer loop power control

Parameter
Unit
Test 1
Test 2
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