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1. Introduction

In the RAN1 #31 meeting, there was a discussion on the problem inherent with the uplink power control algorithm 2 (PCA2) in the current specification and some correction to Rel-5 was supposed to be necessary. Two alternative solutions were suggested to solve the problem [1], but the decision was postponed for the further investigation. To offer more insights to the current problem and the possible solutions, this paper present various simulation results and some considerations with more practical simulation environments.

2. Problem in the TPC combining in SHO of PCA2

In PCA2, when the UE receives TPC commands from different radio link sets, it derives a temporal TPC command, TPC_tempi, for the i-th radio link set using the TPC commands within 5 consecutive slots from that radio link set as follows [2]: 

- If all 5 hard decisions within a set are "1", TPC_tempi = 1.

- If all 5 hard decisions within a set are "-1", TPC_tempi = -1.

- Otherwise, TPC_tempi = 0.

Then, the UE combines the temporal TPC commands from the N different radio link sets as follows:

- 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.

The purpose of combining 5 consecutive TPC commands is to extend the power control cycle. This would be beneficial when the channel variation is too slow or too fast. But, the benefit of the method of combining the TPC commands from the different radio link sets, which is shown above, is not clear.

Uplink power control algorithm in SHO case should be designed to reduce the required UE transmit power by exploiting macro-diversity, so as to reduce the uplink interference and enlarge the uplink cell coverage within a given maximum UE transmit power. The TPC combining method in the PCA2 defined in the current specification is not consistent with this principle. Simple examples are shown in Table1.

Table 1. TPC combining in the PCA2 with 3-way SHO

	TPC_temp1
	-1
	-1
	-1
	-1
	-1
	-1
	0
	0
	0
	(
	1

	TPC_temp2
	-1
	-1
	-1
	0
	0
	1
	0
	0
	1
	(
	1

	TPC_temp3
	-1
	0
	1
	0
	1
	1
	0
	1
	1
	(
	1

	TPC_cmd
	-1
	0
	-1
	0
	0
	0
	0
	0
	1
	(
	1


For example, the 3rd column in Table 1 represents the case that the 1st and the 2nd Node Bs can decode the uplink signal with a lower transmit power level. Hence, it would be desirable to lower the uplink transmit power to reduce the uplink interference and save an unnecessary power consumption. However, UE transmit power by the current PCA2 doesn’t decrease  and it is kept by the current level as shown in Table 1. 

Moreover, this could cause a very critical problem. As a possible example, a UE in SHO with 2 Node Bs may be moving from the 1st Node B to the 2nd one. In this case, the 1st Node-B will transmit TPC of ‘1’s continuously while the 2nd Node B transmits TPC of ‘-1’s. In this case, current PCA2 will not change the UE transmit power, and the transmit power can’t be adjusted to an appropriate. Therefore, the system can obtain no benefit of SHO in a transmit power point of view in this case.

3. Suggested solutions

Two alternative solutions already have been suggested to solve the current problem in PCA2. The TPC commands combining method of the first solution is as follows [1]:

(Solution 1)

- TPC_cmd is set to –1 if any of the TPC_tempi of TPC_temp1 to TPC_tempN is –1.

- Otherwise, TPC_cmd is set to 1 if all the TPC_tempis are 1.

- Otherwise, TPC_cmd is set to 0.

The second solution is as follows:

(Solution 2)

- TPC_cmd is set to –1 if any of the TPC_tempi of TPC_temp1 to TPC_tempN is –1.

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

Both solutions operate to reduce the UE transmit power when any of the radio link sets can meet the required quality with a lower transmit power. Hence, the benefit of the selection diversity can be obtained. A difference between the two alternatives appears when the UE transmit power is to be increased. Following the solution 1, UE increases the transmit power only when all the 5 TPC commands from all the radio link sets are detected as 1. This may be too strict condition considering the possible TPC detection error. For example, assuming a random 5% downlink TPC error and 3-way handover, the probability of increasing the transmit power is calculated to be only about 50 % even if all the Node Bs request to increase the power.

Solution 2 is a rather relaxed version of the solution 1. According to the solution 2, a UE increase the transmit power if more than a half of the Node Bs request to increase the power as long as no Node B request to decrease the power. Note that the operation of both solutions is same when the number of Node Bs in SHO is 2.

4. Simulation results

We simulated the performances of the power control algorithm in SHO as defined in the current PCA2, solution 1 and solution 2. Simulation assumptions are as follows. 

- Flat Rayleigh fading channel

- 2 receive antenna diversity

- Channel & SIR estimation using 6 pilot symbols per slot

- 30 kbps channel bit rate with 1/3 rate convolutional coding

- Target FER of the outer-loop power control: 10-2
- Outer-loop power control: ON

- Inner-loop power control: ON

Table 2 presents the results when the UE is in SHO with 2 Node Bs and the UE speed is 1km/hr. In case of low UE speed, suggested solutions shows significant benefits compared to the R99 scheme in the required SNR and the variance of the receive SNR. However, as shown in Table 3, there is no meaningful difference between the different algorithms when the UE speed is high since the inner-loop power control doesn’t work when the channel variation is fast.

Table 2. 2-way SHO, 1 km/hr

	
	TPC bit error rate = 4%
	TPC bit error rate = 7%

	
	Current Spec.
	Solution 1 or 2
	Current Spec.
	Solution 1 or 2

	Transmit SNR
	-0.9 dB
	-2.1 dB
	-0.7 dB
	-1.85 dB

	Required receive SNR after selection
	3.0 dB
	1.3 dB
	3.3 dB
	1.57 dB

	Variance of the receive SNR after selection
	1.48
	0.17
	1.83
	0.24


Table 3. 2-way SHO, 300 km/hr

	
	TPC bit error rate = 4%
	TPC bit error rate = 7%

	
	Current Spec.
	Solution 1 or 2
	Current Spec.
	Solution 1 or 2

	Transmit SNR
	0 dB
	0 dB
	0 dB
	0.1 dB

	Required receive SNR after selection
	4.3 dB
	4.3 dB
	4.3 dB
	4.4 dB

	Variance of the receive SNR after selection
	2.26
	2.39
	2.32
	2.49


Table 4 and 5 compare the performances of the solution 1 and 2 when a UE is in SHO with 3 Node Bs. For the TPC bit error rate of 4%, the performances of the two solutions are not so different. However, solution 1 becomes unstable and the solution 2 outperforms solution 1 as the TPC bit error rate increases. This is because the solution 1 can’t cope with a deep fading effectively even when the UE speed is very slow. When the TPC error rate is very large as 12 %, the Node Bs can hardly increase the UE transmit power so that the inner-loop power control can't work well even in a very slow UE speed and the target SIR swings over a very wide range. On the contrary, solution 2 still works well when the TPC error rate is large.

Table 4. 3-way SHO, 1 km/hr

	
	TPC bit error rate = 4%
	TPC bit error rate = 7%
	TPC bit error rate = 12%

	
	Current Spec.
	Solution 1
	Solution 2
	Current Spec.
	Solution 1
	Solution 2
	Current Spec.
	Solution 1
	Solution 2

	Transmit SNR
	-2.4 dB
	-3.0 dB
	-3.1 dB
	-2.3 dB
	-2.6 dB
	-3.0 dB
	-2.0 dB
	-0.7 dB
	-2.7 dB

	Required receive SNR after selection
	2.0 dB
	1.3 dB
	1.2 dB
	2.2 dB
	1.7 dB
	1.3 dB
	2.5 dB
	3.6 dB
	1.5 dB

	Variance of the receive SNR after selection
	0.72
	0.18
	0.23
	0.88
	0.34
	0.25
	1.16
	4.51
	0.31


Table 5. 3-way SHO, 300 km/hr

	
	TPC bit error rate = 4%
	TPC bit error rate = 7%
	TPC bit error rate = 12%

	
	Current Spec.
	Solution 1
	Solution 2
	Current Spec.
	Solution 1
	Solution 2
	Current Spec.
	Solution 1
	Solution 2

	Transmit SNR
	-0.7 dB
	-0.7 dB
	-0.7 dB
	-0.7 dB
	-0.5 dB
	-0.6 dB
	-0.6 dB
	-0.3 dB
	-0.4 dB

	Required receive SNR after selection
	4.2 dB
	4.2 dB
	4.3 dB
	4.2 dB
	4.4 dB
	4.4 dB
	4.4 dB
	4.7 dB
	4.5 dB

	Variance of the receive SNR after selection
	1.55
	1.65
	1.76
	1.62
	1.84
	1.88
	1.83
	2.43
	2.05


3. Conclusions

The problem with PCA2 in SHO defined in the current specification was discussed and the performances of the current PCA2 and different solutions were investigated by simulation. Two alternative solutions, namely solution 1 and solution 2, were suggested to mitigate the problem with the current PCA2. In case of a low TPC error rate, both solutions can solve the problem but the solution 1 doesn't works well when the TPC error rate is high while solution 1 works well over various range of the TPC error rate. Therefore, solution 2 is recommended as an algorithm to replace the current combining method in PCA2. The CR is presented separately [3]. 
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