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1. Identification of the problem

In WG2 and WG4 there are ongoing discussions how the requirement regarding the downlink power control shall be specified. This is one of the basic functions that affects the capacity in the system. Therefore it is very important to get good specification in this area.

2. Status of Standardisation

The main characteristic of an optimum downlink power control loop is that the downlink power shall at every moment be exactly as strong as required for achieving the target quality.

As long as the propagation conditions and the quality target parameter(s) are not varying this can be achieved by keeping the signal to interference ratio constant (the SIR target). When propagation conditions or quality target parameters are changed the SIR target must be changed to reflect the variations in the environment. 

In order to discuss the characteristics of the power control loop it has in the specifications been split in an inner loop power control loop, which has a SIR target parameter, and an outer loop power control loop, which is controlled through a BLER or BER target. 

The inner loop sets the TPC command from the received SIR after it has been compared with the SIR target. The outer loop sets the SIR target based on estimations of the quality of  the received signal which is compared with the target quality.

2.1 Outer Loop Power Control 

The target parameters of the outer loop power control have been discussed in WG2 [3]and WG4 [1]. It has been discussed whether the target value in the UE for outer loop power control should be 

1. BLER 

2. Physical BER or 

3. Both.

Today WG2 supports both target values. 

The benefits having BLER targets should be that the network can quite easy map the QoS parameters to a Block Error Rate for the terminal and that mapping will be constant as long as the QoS is constant. The drawbacks is that it might for some transport channels take a very long time until you get valid statistics  for the received BLER. Therefore if the outer loop power control only is based on BLER there is a risk that the control loop will be very slow.

There is no clear definition of the block error rate, it can be specified in several ways. 

1. Specified on one (reference) transport channel 

2. Specified as an average on several transport channels 

3. Specified for each of several transport channels, each CRC encoded.

For alternative 1 the reference channel must be signaled together with the BLER target, for alternative 3 all BLER targets and related transport channels must be signaled. For alternative 2 the quality of  a specific transport channel is not defined, it is only the average.

The benefits of the received BER estimate should be that good statistics are received after just one or a few TTIs since there are many bits transmitted every TTI and also the uncoded bit error rate is quite high. The drawbacks are that a third loop mapping BLER to BER must continuously be active in the network since this mapping is dependent on the rate matching and propagation conditions and these vary with time. Therefore the signaling sending the estimated BLER values to the network and BLER targets to the UE increases.

2.2 Inner Loop Power Control 

The SIR target is specified in [3]as a parameter, which can be set as an initial SIR target, and maximum and minimum SIR targets that are allowed for the inner loop in the UE. In WG4 it is discussed whether the accuracy of the SIR target must be specified and tested or not. Since it is claimed the received SIR can be calculated in several ways and it depends on the implementation it might be difficult to define a good specification for the received SIR. Furthermore in most cases this is an internal UE parameter between the outer and inner loop.

3. Proposal for specification

The performance requirements on the power control should be focused on requirements for the total power control loop and in most cases not split them into two different loops. The important characteristics of the power control is to map the quality of the decoded data to the received power. Since the required SIR may vary with varying propagation conditions, ratematching and quality targets the delay in the loop should be as short as possible. Otherwise this will cause extra interference and bad quality on the transport channels.Also when initiating a new dedicated channel it is important that the convergence is fast.

3.1 Outer loop

The characteristics of the BER of a physical channel have been simulated, some of the results are shown in Figure 1.
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Figure 1: BER vs SIR for propagation conditions 1-3 according 25.101.

Here the BER vs average SIR is plotted for some different propagation conditions, Case 1-Case 3 as defined in [1] when the power control is on. Here it is seen that the mapping between the SIR and the BER is very robust against the propagation conditions. For the high speed propagation condition the degradation is about 0.5 dB for interesting BER values. This is probably because the interleaver does not give perfect diversity. Also other propagation conditions are simulated for which the conclusions are similar as for these examples, the difference is about 0.5 dB. The BER-target parameter does not seem to add any value in the UE because the BER value can easily be mapped to a SIR target and this is not a good parameter for the outer loop in the downlink. 

It is therefore proposed to use the BLER target for the outer loop. It is also proposed that the BLER target shall be specified on one reference transport channel only, which is signaled to the UE. This is because that is closely related to the QoS of a channel. The quality of the other channels can thereafter be adjusted by the rate matching parameters after measurements have shown that the quality of that transport channel is too bad or too good. If the BLER target is defined e.g. as the average BLER-value, the quality of any of the transport channels is unknown until a measurement is performed. Then the rate matching parameters have to be adjusted anyway. If the BLER target is defined such as all transport channels should be better than the respective target all of those have to be signaled and still the quality of each of the transport channels is unknown. The definition with only one BLER target is equivalent with the BLER measurement, therefore it can easily be compared with the measurement. This proposal for definition of BLER means that the reference transport channel must be CRC encoded and that  the reference transport channel must be signaled to the UE.

From this discussion the proposal is to have one requirement for the power control loop where both inner and outer loops are active and the conditions are static for which the BLER target is given. In addition there should be one requirement in which the BLER varies in a periodic pattern in order to get a statistic performance requirement for the transient and one requirement when the propagation condition varies in a periodic pattern. This could mean e.g one condition at low speed and one dominating tap and three weaker taps, this condition is changed with one condition at higher speed with all four taps having the same power. 

Finally there should be a requirement specifying the reaction of a UE when it requires more power and the basestation does not increase the power for some reasons. If a usual control algorithm without limitations is used the SIR target will be increased. Now, when the BS starts to increase the power the UE will ask for very high power since the SIR target has been increased because the quality is never reached. Thus, the SIR target shall not be increased unless the required SIR is received.

3.2 Inner loop

The inner loop power control shall always adjust the downlink power so that the received SIR always is constant. Thereby the quality of the decoded data should be stable as well. This is performed by estimating the received SIR, compare it with a SIR target and then set the TPC command in the uplink.

The SIR-target is normally set by the outer loop, however in some important cases, e.g. when a call is initiated, the SIR-target is important. The power level is, until reliable quality information can be collected, based on an initial SIR target, signaled from higher layers. The maximum and Minimum SIR levels are also signaled. If no specification and test-cases are defined on the internal SIR estimation the signaled initial SIR target does not give any information to the network about how much power will be requested in the downlink. 

The accuracy requirement of the initial SIR target means that the SIR must be defined such that it is not implementation dependent. All UEs must fulfill some requirements on the SIR estimation such that the requested power at initiation is not too high. Simulations of the SIR estimation for the power control have been performed for the AWGN channel as defined in [1]. Some indicating results are given in Table 1.

Table 1: Estimated slotbased SIR for power control on an AWGN channel.

Received SIR
Estimated SIR, 
Mean of dB values
Estimated SIR: Standard deviation of dB values

0
-1.3
4.2

3
2.5
2.9

This SIR estimation is based on an interference estimation with an exponential filtered average of the noise with forgetting factor 0.8 and a signal estimation based on the pilot power on a 12.2 kbps reference channel as defined in [1]. Here it is seen that the standard deviation of this SIR estimation is relatively low as well as the bias, anyway for SIR higher than 0 dB. Remember that this is the slot based estimation, therefore the average SIR over longer period will be much better.  Since it is important to have control over the SIR target at initiation of dedicated channels our proposal is to include performance requirements on the SIR target. 

3.3 Affected groups and specifications 

· WG4

· 25.101

· Requirements on the initial SIR target setting

· Static Requirements on the power control in the downlink

· Requirements on the power control in the downlink when the BLER target is varying

· Requirements on the power control in the downlink when the propagation channel is varying

· Performance requirements on the power control loop when BS does not transmit with requested  power (Wind-Up Effects).

· WG2

· 25.331

· Include signaling supporting BLER target setting as described in paragraph 3.1.
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