3GPP TSG RAN WG1#31







Tdoc R1-030245
Tokyo, Japan, 18th – 21st February, 2003




Agenda Item:
6.2

Source: 
Philips, LG Electronics

Title:
Correction to Power Control Algorithm 2 in SHO
Document for:
Discussion and decision

1. Introduction

When a UE is using Algorithm 2 power control, it considers groups of 5 consecutive downlink TPC commands together. A change in uplink transmit power is only made if 5 consecutive downlink TPC commands are in the same direction. 

Algorithm 2 power control has been shown to reduce the average Eb/N0 requirements in SHO as well as non-SHO compared to Algorithm 1 [1 – 4]. This occurs at low UE speeds (when the faster power control rate given by Algorithm 1 is not needed) and at high UE speeds (when Algorithm 1 power control is too slow to track the fast fades of the channel).

When the UE is in SHO, it may receive groups of TPC commands from different Node Bs in the active set. These have to be combined by some method to decide the required uplink power change. According to the current specifications for combining groups of TPC commands in SHO for Algorithm 2, the UE only changes its uplink transmit power in SHO if more than 50% of the cells in the active set have transmitted 5 consecutive TPC commands in the same direction. Quoting from TS25.214:

· TPC_cmd is set to 1 if 
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· TPC_cmd is set to -1 if 
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Otherwise, TPC_cmd is set to 0.

As for Algorithm 1’s combining method in SHO, Algorithm 2’s method of combining TPC commands from different cells in SHO includes a reliability estimation, because each TPC_tempi is derived from 5 consecutive TPC commands [5]. 

2. Summary of problem

There is one important difference from the Algorithm 1 combining method:

· The combining method for algorithm 2 does not give preference to cells which are requesting a reduction in the UE’s transmitted power. 

It has come to light that this difference can in some circumstances result in interference peaks of a few dB for some cells in the active set. 

The situation is illustrated in the following figures. 

The general simulation assumptions used here are as follows:

ITU Pedestrian ‘A’ uplink channel

UE speed  1 km/h

2-antenna Rx diversity at each Node B

4% error rate on DL TPC commands

For reference, Figure 1 illustrates the variation in received Eb/N0 of the UL due to fast fading at each Node B without any power control at all. 
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Figure 1:  Received Eb/No with no power control

The received Eb/N0 using Algorithm 2 power control when the UE is not in SHO is shown in Figure 2. 
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Figure 2:  Received Eb/No with Algorithm 2 power control when not in SHO

Figure 3 shows the effect of the currently-specified combining method for the groups of TPC commands received from the two cells, with equal SIR targets at the two Node Bs. The interference spikes can clearly be seen where TPC commands from the Node B with the best SIR are not given preference by the UE when setting the uplink power. 


[image: image5.png]Received Eb/No / dB

10

-0

15
(]

— Tt Node B
— 2nd Node B





Figure 3:  Received Eb/No with Algorithm 2 as currently specified for SHO

For comparison, Figure 4 shows the effect of algorithm 1 power control in SHO. It can be seen that the interference spikes are virtually eliminated, although there are a large number of unnecessary power changes due to the 1dB/1500Hz power control rate being much faster than the fast fading of the channel. (The reliability estimation and γ function as specified in TS25.214 are used.)
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Figure 4:  Received Eb/No with Algorithm 1

3. Discussion of Solutions

One solution to the problem would be to use the following combining rules, which are much more similar to the method used for Algorithm 1:

· 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.  

Figure 5 shows the effect of using this method for Algorithm 2. It can be seen that this method eliminates the interference spikes even more effectively than Algorithm 1, and also drastically reduces the number of unnecessary power changes. 
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Figure 5:  Received Eb/No with first solution for combining method for Algorithm 2 in SHO

Figure 6 shows that this method is similarly effective for the case of 3 Node Bs in the active set. 
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Figure 6:  First solution for combining method for Algorithm 2 in SHO with 3 Node Bs in active set

An alternative solution to the problem is given below:

· 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.  

In the case of 2 Node Bs in the active set, this solution is identical to the first solution. However, this solution results in more upward power changes when more than 2 Node Bs are in the active set, even if not all the Node Bs in the active set have reliably requested an increase.  The performance is shown in Figure 7.
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Figure 7:  Second solution for combining method for Algorithm 2 in SHO

It can be seen that this solution is also a significant improvement over the current specifications, although it does not eliminate the interference spikes quite as effectively as the first solution above. 

4. Further comparison of solutions

In addition to observation of Figure 6 and Figure 7 above, the performance of the different combining methods can also be examined by considering the standard deviation of the received Eb/N0 after selection combining of the different uplinks. The standard deviations are shown in the following table for the case of 3 Node Bs in the active set. 

	Power control algorithm and SHO TPC command combining method
	Standard deviation after selection combining of uplinks   / dB

	
	Power control error rate 4%
	Power control error rate 7%

	No power control
	1.87
	1.87

	Algorithm 2, with SHO TPC command combining as currently specified
	1.67
	1.65

	Algorithm 1
	0.69
	0.78

	Algorithm 2 with first solution described above
	0.61
	0.66

	Algorithm 2 with alternative solution described above
	0.72
	0.79


The table shows that the currently-specified TPC command combining method for Algorithm 2 in SHO does  give a small reduction in the standard deviation of the received Eb/N0 after radio link combining, but much less than with algorithm 1. 

The first solution described above for algorithm 2 gives an even lower standard deviation than algorithm 1 at 1km/h, for power control error rates of both 4% and 7%.

The alternative solution also gives a significant improvement, but not quite as much as the first solution. 

In the Annex, we also show that there is no significant difference between the solutions in terms of mean transmitted and received Eb/N0 requirement.

5. Conclusions and recommendations

In the light of the comparisons above, we propose that the combining method for the groups of 5 TPC commands received from different cells in the active set when Algorithm 2 is used should be corrected according to the first solution described above, i.e.:

· 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.  

A CR to make this correction for Release 5 is included with this document. 
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Annex – Comparison of mean transmitted and received Eb/N0
In the following tables we show the mean transmitted Eb/N0 and received Eb/N0 at the currently-best Node B for each solution.

Simulation assumptions:

Pedestrian A channel

7% power control error rate

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

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

1km/h:

	Power control algorithm and SHO TPC command combining method
	Transmitted Eb/N0 / dB
	Received Eb/N0 / dB

	Algorithm 2, with SHO TPC command combining as currently specified
	-2.20
	2.40

	Algorithm 2 with first solution described above
	-2.55
	2.29

	Algorithm 2 with alternative solution described above
	-2.51
	2.30


300 km/h:

	Power control algorithm and SHO TPC command combining method
	Transmitted Eb/N0 / dB
	Received Eb/N0 / dB

	Algorithm 2, with SHO TPC command combining as currently specified
	-2.97
	2.42

	Algorithm 2 with first solution described above
	-2.97
	2.42

	Algorithm 2 with alternative solution described above
	-2.93
	2.44


It can be seen that in terms of mean Eb/N0 requirement there is no meaningful difference between the two solutions. 
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