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1. Introduction

In the R3#22 meeting, NEC provided the document [1] which states the potential problem in the current Power Balancing procedure during handover. Simulation results on this issue are also shown in the document [1]. However, following a number of discussions, further simulations which considered the delay of UL synchronization and a smaller difference between P_ref and the DL transmitted power, were additionally required. 

This document presents further simulation results showing the potential power drift due to the delay in activating the Power Balancing procedure.

2. Description of the problem

The problem occurs when a new RL is added to an active set and Power Balancing is already activated in the existing radio links of a particular UE. The delay between the activation of the inner loop power control and the activation of Power Balancing in the new RL will cause the power of the new RL to diverge. As a result of this power divergence, the new RL may be dropped or the interference in the concerning cell may increase. This problem mainly depends on the delay of UL synchronisation and the delay of activating Power Balancing. If the delay of UL synchronization is long compared to the necessary delay of activating Power Balancing, Power Balancing would be activated before inner loop power control is activated. On the other hand, if the delay of UL synchronization is short, inner loop power control would be activated before inner loop power control is activated. Therefore, the two cases need to be studied separately. These two scenarios are shown in figure 1 with blue and red arrows, respectively. Case 1 indicates that the delay of UL synchronization is long compared to the necessary delay of activating Power Balancing. Case 2 indicates that the delay of UL synchronization is short compared to the necessary delay of activating Power Balancing.

Case 1: the delay of UL synchronization is long when compared to PB activation (blue arrow)

If Node B2 receives DL POWER CONTROL REQUEST message before Uu synchronisation in Node B2 is achieved, the DL transmitted power in the new RL approaches the reference power of the Power Balancing. Therefore, the potential problem described in [1] does not occur when the reference power is set to a suitable value.
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Fig.1: Activation timing difference of inner loop and power balancing (Example)

Case 2: the delay of UL synchronization is short when compared to PB activation (red arrow)
If Node B2 receives DL POWER CONTROL REQUEST message after Uu synchronisation in Node B2 is achieved, the potential problem described in [1] can occur.

The typical delay of Uu synchronisation can be estimated as the sum of the following values.

1. Chip synchronisation -> 2 frames
2. First in-synch indication -> 4 frames
3. Wait for N_INSYNC_IND after a number of successive in-synch (1 frame ~ 256 frames) -> 1 or 2 frames

Therefore, the typical delay of Uu synchronisation is around 8 frames. If N_INSYNC_IND is a large value, the typical delay of Uu synchronisation also becomes large. It seems that large N_INSYNC_IND value might cause unnecessary delay.

On the other hand, the typical delay of Power Balancing can be estimated as the sum of the following values.
1. Signalling delay of RL SETUP RESPONSE message from Node B2 to CRNC (27.2ms ~ 117.2ms) -> 72.2ms
2. Processing Delay in CRNC to start Power Balancing ((10ms).

3. Signalling delay of DL POWER CONTROL REQUEST message from CRNC to Node (14.2ms ~ 104.2ms) -> 59.2ms
4. Processing Delay in Node B2 to start Power Balancing ((10ms).

With these values, the typical delay of Power Balancing is around 151.4 ms, i.e. around 15 frames. Therefore, typically, Uu synchronisation is achieved before Power Balancing is activated and the typical delay between these two processes is considered to be (15 – 8) frames, i.e. 7 frames.
The following condition is assumed.

· PB is already active in RL1. 
The following parameters are common for each simulation.

· Difference between P_ref (Reference power of Power Balancing) and Initial Transmitted DL power of RL1 is 3 dB

· Difference between M1 and M2 is 7 frames

· Adjustment Ratio is 0.5

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

· 
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· TPC error ratio is 4 %

The value of the Adjustment Period is varied as follows: 1, 10, 50 and 200 frames. Figure 2(a) – 2(d) in the attached file show the changes of the power level in each RL. P1 is the power level of existent RL1 established via Node B1 and P2 is the power level of RL2 is additional RL established via Node B2. Adjustment Period in figure 2(a) is 1 frame, in figure 2(b) is 10 frames, in figure 2(c) is 50 frames and in figure 2(d) is 200 frames.

Since the power adjustments shall be started at the first slot of a frame with CFN modulo the value of Adjustment Period equal to 0, the additional delay should be considered when Adjustment Period is greater than one frame. In this simulation, the best case is assumed, i.e. power adjustment is activated immediately.
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According to the simulation results, when the Adjustment Period is longer (for example, 10, 50 and 200 frames), the power divergence due to Power Balancing between RL1 and RL2 is negligible, and only power drifting due to TPC errors is observed. (Note that, in power drifting, the difference of transmitted power between RL1 and RL2 increases or decreases by 2 dB in one TPC error when TPC step size is 1 dB.) This means that an Adjustment Period of 10, 50 and 200 frames is too large and hence inadequate. Besides, the longer the adjustment period, the larger the delay in starting power balancing in RL2, since Power Balancing shall be started at the CFN mod adjustment period = 0. As a result, long adjustment period would degrade the situation further. Therefore, it can be concluded that shorter adjustment period provides better performance of Power Balancing. However, the power divergence in new RL will be large if short adjustment period is used. This is the reason why NEC indicates that a correction for R99 specifications is necessary.
3. Conclusion and proposal
In this contribution, we show several simulation results which show the problem of power divergence between links due to the delay in Power Balancing activation. If there is no objection to add a correction to R99 specifications, NEC will provide corresponding CRs for R99.
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