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1. Introduction

Downlink Power Control procedure is used by Node-B to balance the DL transmission powers of Radio Links used for the related UE-UTRAN connection. In the current specifications [1][2][3][4], Power Balancing is activated using DL POWER CONTROL REQUEST messages after Radio Links are established, and the delay of Power Balancing activation may cause a problem. This contribution describes the problem, and proposes a solution to the problem.

2. Description of the problem
In the current specifications, Power Balancing can only be activated after the Radio Link Setup procedures or Radio Link Addition procedures are successfully completed. This means that the new Radio Link operates without Power Balancing for the duration between the moment when UL synchronisation is achieved to activate inner loop power control (timing M1 in Figure 1), and the moment when the DL POWER CONTROL REQUEST message is processed to activate Power Balancing (timing M2 in Figure 1). The duration can be as long as tens of milliseconds because of the delay on Iub/Iur and the processing delay in RNC and Node B.
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Fig.1: Activation timing difference of inner loop and power balancing (Example)

In the duration when the new Radio Link operates without Power Balancing, the power may diverge at a rate of around 2-5dB per 10 ms. Due to the divergence following consequences are possible.

Assuming RL1 is the existing Radio Link and RL2 is the Radio Link to be added.

(a) Case 1 (Pref > Pinit)

The transmit power of the new Radio Link is decreased when the transmit power of the existing Radio Link is lower than Reference Power as shown in Figure 2 (a). In this case, the transmit power of RL1 is approaching to Pref by Power Balancing, i.e. DL power of RL1 will be increased if inner loop does not exist. In reality, inner loop power control maintains the power level of RL1 at a constant level because active set has not been updated in UE and TPC commands are generated from only RL1. In order to cancel the effect of Power Balancing in RL1 with inner loop power control, larger number of power down commands are signalled than power up commands. As the result, the power of RL2 is decreased to Pmin in response to the commands and RL2 may be lost.
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Fig.2: Divergence of transmit power
(b) Case 2 (Pref < Pinit)

The transmit power of the new Radio Links is increased when transmit power of existing Radio Link is higher than Reference Power as shown in Figure 2 (b). In this case, the transmit power of RL1 is approaching to Pref by Power Balancing, i.e. DL power of RL1 will be decreased if inner loop does not exist. In reality, inner loop power control maintains the power of RL1 at a constant level because active set has not been activated and TPC commands are generated from only RL1. In order to cancel the effect of Power Balancing in RL1 with inner loop power control, larger number of power up commands are signalled than power down commands, and the power of RL2 is increased in response to the commands. As a result, the transmit power of RL2 may be excessive.

    In Case 1, transmit power of new Radio Link may become the minimum and it is likely that new Radio Link is lost and the handover fails. In Case 2, the transmit power of new Radio Link may become the maximum and interference is increased in downlink.

It should be noted that the reason of the power increase or decrease in RL2 is that inner loop power is activated without Power Balancing. If inner loop power control is activated with Power Balancing, transmit powers do not diverge.

3. Solution of the problem
The source of the problem is that the power balancing cannot be activated until Node B receives DL POWER CONTROL REQUEST message. This problem can be solved if the power balancing can be initiated with the RADIO LINK SETUP REQUEST and RADIO LINK ADDITION REQUEST messages. Thus the solution would be to include the IEs for Power Balancing in the RADIO LINK SETUP REQUEST and RADIO LINK ADDITION REQUEST messages in NBAP and RNSAP. With the solution, it is possible to activate both inner loop power control and Power Balancing simultaneously.

The IEs for Power Balancing should be included in both RADIO LINK SETUP REQUEST and RADIO LINK ADDITION REQUEST message because the new Radio Links will not start Power Balancing even if the existing Radio Links in the same Node B already use it. It should be noted that there is an inconsistency between inner loop activation and Power Balancing activation. When Radio Links in a Node B are added to an existing one, then they are automatically included in the inner loop. In practice, this means that the inner loop needs to be activated only with RADIO LINK SETUP REQUEST message, and the command given in this message applies to Radio Links that are added later as well. However, the power balancing has to be activated separately for each Radio Link. This is the reason why IEs for Power Balancing is required in RADIO LINK ADDITION REQUEST message.

If Node B cannot understand new IEs for Power Balancing, Node B shall notify the RNC that new IEs are not understandable. Then RNC sends DL POWER CONTROL REQUEST message to Node B. In this case, the problem cannot be solved. If Node B can understand new IEs, Power Balancing will start without DL POWER CONTROL REQUEST message and RNC recognizes that Node B has already started Power Balancing.

Therefore, Node B shall ignore new IEs and notify RNC if new IEs are not understandable, i.e. new IEs shall have criticality information "ignore and notify".

4. Conclusion
In this contribution, it is proposed that IEs for Power Balancing should be added to RADIO LINK SETUP REQUEST and RADIO LINK ADDITION REQUEST messages in NBAP and RNSAP for Release 99 and Release 4. This change is backward compatible.
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