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1. Introduction

Algorithm 2 power control is designed to emulate power control step sizes smaller than 1dB, which can give improvements in required Eb/N0 at high and low UE speeds.  

In [1], presented at RAN1#31, we showed that although Algorithm 2 power control works well in non-SHO, when the UE is in SHO the method of combining TPC commands from the different cells can result in some interference spikes, as shown in Figure 1. 
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Figure 1:  Received Eb/No with Algorithm 2 as currently specified for SHO

This results from the fact that the method for combining TPC commands in SHO does not give preference to cells which are requesting a reduction in the UE’s transmitted power. 

This problem is confined to the case of SHO, as shown by Figure 2 where it can be seen that the received Eb/N0 is controlled well using Algorithm 2 power control when the UE is not in SHO. 


[image: image2.png]10

a0/ ONfII panEasy

-0

15

time /5




Figure 2:  Received Eb/No with Algorithm 2 power control when not in SHO

2. Solutions

Two very similar solutions
 to this problem were discussed and compared in [1]:

Solution 1:

Use the following rules for combining TPC commands from the different cells in SHO:

· if any TPC_tempi is “-1”, reduce power by 1dB;

· otherwise, if all the TPC_tempi are “+1”, increase power by 1dB;

· otherwise, do not change power.  

Solution 2:

Use the following rules for combining TPC commands from the different cells in SHO:

· if any TPC_tempi is “-1”, reduce power by 1dB;

· otherwise, if >50% of the TPC_tempi are “+1”, increase power by 1dB;

· otherwise, do not change power.  

Figure 3 and Figure 4 (reproduced from [1]) show the effectiveness of the two solutions with 3 cells in the active set, using the same simulation assumptions as for Figure 1. 
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Figure 3:  Solution 1 for combining method for Algorithm 2 in SHO 
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Figure 4:  Solution 2 for combining method for Algorithm 2 in SHO

It can be seen that both solutions give good control of the power level received by the Node Bs. Solution 1 appears to give marginally better control than Solution 2.

A more objective method of comparing the solutions is obtained by considering the standard deviation of the received Eb/N0 after selection combining of the different uplinks, as shown in Figure 5 for a downlink power control error rate (PCER) of 4%. 
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Figure 5: Std dev of received SIR after combining, with PCER = 4% (3 Node Bs in active set)
The standard deviation results in Figure 5 confirm that both the solutions solve the problem of high standard deviation at low and moderate speeds. (At high speeds, the standard deviation is always high regardless of the power control algorithm, as the fading rate of the channel is fast relative to the slot rate.)
Figure 5 shows that there is no material difference between the performance of the two proposed solutions under these conditions. 

It was suggested at RAN1#31 that additional results should be considered to compare the performance of the two solutions at much higher power control error rates. Results are therefore given in Figure 6 for PCER = 25%.
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Figure 6:  Std dev of received SIR after combining, with PCER = 25% (3 Node Bs in active set)
In contrast to Figure 5, Figure 6 shows that at high power control error rates the second solution performs much better than the first solution, as suggested at RAN1#31. 

We can also compare the solutions in terms of the mean transmitted and received Eb/N0 requirement.

The following simulation assumptions are used:

· Pedestrian A channel

· 30kbps

· Raw BER of 0.13, giving BER = 10-3 after decoding.

· Eb per information bit (1/3 rate code), not including control channel overhead.

The results are shown in Figure 7 and Figure 8 for PCERs of 4% and 25% respectively.
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Figure 7: Received Eb/N0 requirement with PCER = 4% (3 Node Bs in active set)
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Figure 8:  Received Eb/N0 requirement with PCER = 25% (3 Node Bs in active set)

The Eb/N0 requirements lead to similar conclusions as the standard deviation of the SIR. Figure 7 shows that for low TPC error rates there is no difference between the performance of the two proposed solutions. However, Figure 8 shows that at high power control error rates, the second solution again performs better than the first solution.

The results presented above are for the case of balanced links with the various Node Bs in the active set. Similar results are obtained for cases where the links are unbalanced. An example of the simulation results for unbalanced links is given in Annex A, leading to the same conclusions as the results presented above. 

5. Conclusions and recommendations

It has been shown that there can be a problem with interference peaks when the currently-specified method for combining TPC commands in SHO is used with algorithm 2. 

Two alternative solutions have been proposed. 

It has been shown that the difference in the performance of these two solutions is not significant when the power control error rate is low. 

However, as suggested at RAN1#31, it has been confirmed that Solution 2 performs significantly better than Solution 1 when the power control error rate is high, both in terms of SIR variance and the received Eb/N0 requirement. This solution has been shown to perform well both with balanced links and with unbalanced links. 

Therefore, we propose that the combining method for the groups of 5 TPC commands received in SHO from different cells when Algorithm 2 is used should be corrected according to Solution 2, i.e.:

· if any TPC_tempi is “-1”, reduce power by 1dB;

· otherwise, if >50% of the TPC_tempi are “+1”, increase power by 1dB;

· otherwise, do not change power.  

A CR to make this correction for Release 5 is provided in [2]. 
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Annex A:  Simulation results with unbalanced links

As an example of the case of unbalanced links in SHO, we present here simulation results for 3 Node Bs in the active set, where there is an imbalance of –6dB for two of the Node Bs. The resulting error rates on the downlink TPC commands are approximately 4%, 19% and 19% for the 3 Node Bs respectively. 

Figure 9 shows the received Eb/N0 at each of the 3 Node Bs when the TPC combining method is according to the current specification. 
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Figure 9:  3 cells (0dB, -6dB, -6dB); PCERs approx 4% 19% 19%;
TPC command combining as R99

Figure 10 shows the received Eb/N0 at each of the 3 Node Bs when Solution 1 (as described above) is used. It can be seen that the power control then follows the best cell much more closely. 

Similarly, Figure 11 shows the received Eb/N0 at each of the 3 Node Bs when Solution 2 is used, with the power control then following the best cell even more successfully. 
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Figure 10:  3 cells (0dB, -6dB, -6dB); PCERs approx 4% 19% 19%;  TPC command combining according to Solution 1
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Figure 11:  3 cells (0dB, -6dB, -6dB); PCERs approx 4% 19% 19%;  
TPC command combining according to Solution 2

Figure 12 shows the standard deviation of the received uplink SIR after link combining in the unbalanced links case, for the current specification and for each of the alternative proposed solutions. 
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Figure 12: SIR standard deviation after link combining, for the different TPC combining methods

Figure 13 shows similar results for the required received Eb/N0.
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Figure 13:  Received Eb/N0 after link combining, for the different TPC combining methods

Simulation assumptions:


ITU Pedestrian ‘A’ uplink channel


UE speed  1 km/h


2-antenna Rx diversity at each Node B


2 Node Bs in active set


Equal SIR targets at the 2 Node Bs


4% error rate on DL TPC commands








� Note that these two solutions are the same when there are only 2 Node Bs in the active set. 
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