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1. Introduction

In the previous R3#21 meeting, NEC provided the document [1] which states the potential problem in the current Power Balancing procedure during hand over. The problem is that the power level of the additional RL may diverge during the hand over if the delay between the activation timing of inner loop power control and Power Balancing in the additional RL is large. As a result of this power divergence, new RL may be dropped or interference in the concerning cell may increase.

The conclusion of the discussion at the last meeting is that more documents are necessary to show whether the problem is serious or not. This contribution provides the simple simulation result in order to show the seriousness of the problem of Power Balancing procedure during hand over.

2. Description of the problem
In this chapter, the problem is shown by the simulation result. The situation of this simulation is shown in figure 1. The following two conditions are also assumed.

· UE has a RL via Node B1 and Power Balancing is not activated in this RL.

· New RL is established in the UE via Node B2 and SRNC decides to initiate Power Balancing procedure. Power Balancing in Node B1 is activated before Node B2 starts Power Balancing procedure.

Note that RL RESTORE INDICATION message is not important in this discussion.　Figure 2 shows the changes of the power level in each RL. RL1 is existent RL established via Node B1 and RL2 is additional RL established via Node B2. The following values are assumed in this simulation.

· Power (Pref) of Power Balancing is -10 dB. This value is assumed larger than the minimum DL Power.

· Adjustment Ratio is 0.5.

· Adjustment Period is 1 frame.

· Initial Transmitted DL power of RL1 and RL2 is 0 dB.

· 
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is 1 dB.

In the above situation, the difference between the transmitted DL power and Reference Power is around 10 dB.
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Fig.1: Activation timing difference of inner loop and power balancing (Example)

M1, M2 and M3 in figure 2 are equivalent for each timing shown in figure 1, respectively.
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Fig.2: Power level of each RL

First, the behavior of the already existing RL, i.e. RL1, is considered in order to make the explanation clear. In this example, the quantity of the power adjustment in one frame is 5 dB. Since the inner loop power control tries to maintain the SIR measured in UE as the same value as the target SIR, in this example, UE sends TPC = 1 to UTRAN more frequently than TPC = 0 in order to cancel the effect of the power adjustment. The occurrence of TPC = 1 is larger than TPC = 0 by five in one frame.

Next, the behavior of the additional RL is considered. Node B2 starts to receive UL TPC command at the timing M1 in the figures 1 and 2. But UE is not aware of the fact that the new RL is established until UE receives ACTIVE SET UPDATE message. Since TPC command which is generated by UE depends on only RL1, Node B2 receives TPC = 1 more frequently than TPC = 0（the number of TPC = 1 is lager than TPC = 0 by five in one frame）during the duration between M1 and M3. It is impossible to specify whether Node B2 receives DL POWER CONTROL REQUEST message before/after M3 or before Uu synchronisation is achieved.

In this example, Node B2 receives DL POWER CONTROL REQUEST between M1 and M3. Therefore, the potential problem depends on the delay between M1 and M2, and the power difference between the DL transmitted power and reference power of Power Balancing. The delay between M1 and M2 can be calculated as the amount of the following signalling delay between nodes and processing delay in the node.

1. Signalling delay of RL SETUP RESPONSE message from Node B2 to CRNC (27.2ms ~ 117.2ms).

2. Signalling delay of DL POWER CONTROL REQUEST message from CRNC to Node (14.2ms ~ 104.2ms).

3. Processing Delay in Node B2 to start Power Balancing (??).

These values are extracted from [2]. In this example, the total delay is assumed to be 30 slots, i.e. 20 ms. Node B2 receives TPC = 1 more frequently than TPC = 0 between M1 and M2 and the power level of the new RL will increase by 5 dB per frame. As the result, the amount of power divergence will be 10 dB. However, 20 ms delay is quite small according to [2]. If the total delay is 50 ms, i.e. 5 frames, the amount of power divergence will be 25 dB. According to the RNSAP/NBAP specification, the maximum range between minimum DL power and maximum DL power is 50 dB. When the divergence of the DL power is 25 dB, DL Power may exceed the maximum or minimum DL Power. Furthermore, as a consequence of the problem, the transmit power of a new Radio Link may be excessive, and interference in the concerning cell may increase excessively. This may cause quality degradation of Radio Links for other UE, and may cause call droppings. Another consequence of the problem is that the transmit power of a new Radio Link may stay in the minimum level, and the RL may be lost. This may also result in call droppings.
 It is necessary to consider another two cases.

· One is that Node B2 receives DL POWER CONTROL REQUEST massage before Uu synchronisation in Node B2 is achieved. In this case, DL transmitted power in RL2 approaches to the reference power of the Power Balancing. Therefore, potential problem described in this document is not occurred when the reference power is set to the proper value.

· The other is that Node B2 receives DL POWER CONTROL REQUEST massage after UE receives ACTIVE SET UPDATE message. In this case, the potential problem is occurred and the effect of the problem depends on the delay between M1 and M3.

3. Conclusion
In this contribution, we show the problem of Power Balancing Activation by the simple simulation and it turned out this problem might be quite serious in many cases. Therefore, some correction for R99 specifications is necessary. Proposed solution is described in another document [3].
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