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1. Introduction

Downlink Power Balancing procedure is used by Node B to balance the DL transmission powers between Radio Links which are activated in a particular UE-UTRAN connection [1][2][3][4]. The performance of the Power Balancing depends on the selection of the reference power. It is better to set the reference power to the closer value of the current DL transmitted power. If the reference power is set to the much higher or lower than the current DL transmitted power, DL Power Balancing might hurt the effect of the inner loop power control. This means that the reference power of the Power Balancing should be modified when the DL transmitted power is changed largely. DL transmitted power can be changed in the Radio Link Reconfiguration procedure.

This contribution describes a problem of interaction between Power Balancing procedure and Radio Link Reconfiguration, and proposes a solution to the problem. The solution is quite similar to [5].
2. Description of the problem
DL transmitted power normally depends on the data bit rate and the service combination. If the UE is currently on a low data bit rate on DCH, and the data bit rate needs to be increased (e.g. addition of a high rate PS service, or bit rate adaptation from 32k to 384k), then the DL transmitted power level should be increased, and Maximum DL Power and Minimum DL power will be modified accordingly. The Reference Power for Power Balancing should also be changed simultaneously according to the power range as shown in Figure 1 (a). A simple way to select the proper Reference Power is to set it to the middle value between Maximum DL Power and Minimum DL power, so that the difference between the Reference Power and transmitted DL power does not exceed half of the range between Maximum DL Power and Minimum DL power in the worst case.

In the current specifications, however, CRNC needs to send DL Power Control Request message in order to update the current Reference Power after Radio Link Reconfiguration procedure is completed because IEs for Power Balancing are not included in Radio Link Reconfiguration messages. Consequently, Reference Power is updated after the power range has been updated as shown in Figure 1 (b). During the timing difference, the Reference Power may be too close to (or even exceed) Maximum or Minimum DL power. As a result, the difference between DL transmitted power and Reference Power of Power Balancing will be large. It should be noted that this problem might be occurred simultaneously in all active RLs.
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Figure 1: Power Balancing Restart and Radio Link Reconfiguration

In order to describe the problems, following parameters are assumed as an example:

· Adjustment Ratio
 is 0.5.

· Adjustment Period is 1 frame.

· Maximum Adjustment Step is 2 slots.

· Average difference between transmitted DL power and Reference Power is 5 dB before the Radio Link is reconfigured.

· Average transmitted DL power is increased by 10 dB in Radio Link Reconfiguration. (E.g. the increase of transmit power is around 10 dB when voice with 12.2 kbps is switched to video conference with 128 kbps.)

· UE has Radio Links in two cells.

In this example, the problems are as follows:

· The difference between the Reference Power and transmitted DL power becomes large. In this example, the difference may exceed 15 dB, and the sum of power adjustment can be more than 7.5 dB in one frame, i.e. 0.5 dB per slot. This would have a significant impact on inner loop power control. This problem is likely to occur when Maximum Adjustment Step is as short as 1 or 2 slots.

· The balance of transmitted DL power between cells may not be recovered with Power Balancing. In this example, if the adjustment exceeds 0.5 dB per slot in both cells, the transmit DL power difference is not reduced between the cells. This is because the necessary adjustment is larger than the maximum limit, and consequently the adjustment in each RLs becomes equal to the maximum limit regardless of the transmitted DL power difference between RLs. This problem is likely to occur when Maximum Adjustment Step is longer than 2 slots.

This problem continues during the timing difference between RL Reconfiguration procedure and DL POWER CONTROL REQUEST message. This difference can be more than tens of milliseconds (e.g. the difference is 40 ms at the minimum if the delay is similar to the case used in [6]).

3. Solution to the problem

A solution to the problem described in section 2 is to delete the time difference in figure 2. One simple solution is to introduce the DL Reference Power Information IE defined in [5] into the RADIO LINK RECONFIGURATION PREPARE and the RADIO LINK RECONFIGURATION REQUEST messages in order to restart Power Balancing with proper reference power at the same timing of changing the DL transmitted power. In the proposed solution, the Power Balancing is restarted by the Radio Link Reconfiguration procedure as follows:

(a) Unsynchronized Radio Link Reconfiguration

[FDD – If a RADIO LINK RECONFIGURATION REQUEST message includes DL Reference Power Information IE and the power adjustment has been already activated in the relevant RL(s), the power adjustment shall be restarted according to the DL Reference Power Information IE at the first slot of the first frame with CFN modulo the value of Adjustment Period IE equals to 0. If the RADIO LINK RECONFIGURATION REQUEST message includes the DL Reference Power Information IE but DL Power Balancing is not activated in the existing RL(s), the Node B/DRNC shall ignore the DL Reference Power Information IE.]

(b) Synchronized Radio Link Reconfiguration

[FDD – If a RADIO LINK RECONFIGURATION PREPARE message includes DL Reference Power Information IE and the power adjustment has been already activated in the relevant RL(s), the power adjustment shall be restarted according to the DL Reference Power Information IE. The restart timing shall be at the first slot of the first frame with CFN in the RADIO LINK RECONFIGURATION COMMIT message if this CFN modulo the value of Adjustment Period IE equals to 0. Otherwise, the restart timing shall be at the first slot of the first frame with CFN modulo the value of Adjustment Period IE equals to 0 after the CFN in the RADIO LINK RECONFIGURATION COMMIT message has elapsed. If the RADIO LINK RECONFIGURATION PREPARE message includes the DL Reference Power Information IE but DL Power Balancing is not activated in the existing RL(s), the Node B/DRNC shall ignore the DL Reference Power Information IE.]
With this solution, Power Balancing can be restarted simultaneously with Radio Link Reconfiguration as shown in Figure 1 (a). Consequently, it is possible to avoid disturbing inner loop power control during the process of Radio Link Reconfiguration, and to reduce the difference between transmitted DL power and Reference Power of the Power Balancing after the reconfiguration is completed. It is also possible to reduce several messages because RNC does not need to send DL Power Control Request messages additionally.

Besides this solution can solve the problem, there are some advantages in this solution. We would propose that this change should be introduced to Release 99 if we agree that the problem is serious.

4. Conclusion
In this contribution, it is shown that Power Balancing may disturb inner loop power control or Power Balancing may not work well after Radio Link reconfiguration. As a solution to the problem, it is proposed that DL Reference Power Information IE should be introduced into RADIO LINK RECONFIGURATION PREPARE and the RADIO LINK RECONFIGURATION REQUEST messages in NBAP and RNSAP for Release 99.

5. Proposal

If this proposal is acceptable, corresponding CRs will be provided on TS25.423 and TS25.433.
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