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1. Introduction


HS-DPCCH operation in soft handover has been discussed at recent RAN WG1 meetings [1]-[16]. As one of the possible solutions, we proposed “Modified TPC operation”　づ in which TPC derivation during packet transmission is modified at UE [5]. Some basic performance of the Modified TPC operation has been indicated in [14]. In this contribution, we show further simulation results under more realistic conditions, e.g. with TPC reception errors at UE and the switching of TPC derivation methods.

2. Modified TPC operation

2.1 General
As shown in Figure 1, when an UE is receiving HS-PDSCH packets, TPC derivation method is modified so that the UE uses only the TPC commands transmitted by HS-PDSCH serving cell. Since HS-DPCCH has a fixed power offset to UL DPCCH and UE transmit power is controlled so that the received quality of UL DPCCH is maintained to achieve required quality, it is possible to maintain the required quality of HS-DPCCH as well. Moreover, in this scheme, pilot bits in UL DPCCH are transmitted with required quality, which improves the channel estimation at HS-PDSCH serving cell. 

On the other hands, when the UE is not receiving HS-PDSCH packets, normal TPC derivation method is applied. This makes it possible to avoid unnecessary transmit power at UE during non-packet transmission period. The modification for Modified TPC operation is required only in UE and any additional higher layer signaling is not required.
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Fig. 1    Modified TPC operation

2.2 Switching TPC derivation method in UE

UE switches TPC derivation method when the UE detects control signals for the UE in HS-SCCH. As we can see in Fig.2, there are 11.5 slots after UE receives the first slot in HS-SCCH sub-frame until the transmission of corresponding HS-DPCCH sub-frame. Therefore, even if there is 1.5slot delay to switch TPC derivation method in UE, Modified TPC derivation is performed for 10slot before the first ACK/NACK signal is transmitted. 
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Fig.2 Switching TPC derivation method in Modified TPC operation

3. Performance Evaluation  

   The performance of Modified TPC operation is evaluated by means of system level simulation with the assumptions described in Appendix A. In comparison to the previous evaluation in [14], the following factors are newly included to evaluate under more realistic condition.

· Switching TPC derivation method between normal TPC derivation and Modified TPC derivation

· Larger pathloss at serving cell than non-serving cell

· TPC reception errors at UE
In section 3.1 and 3.2, the impact due to switching TPC derivation method and the increase of interference caused by DPCCH especially at non-serving cell are analyzed, respectively.
3.1 Impact of the switching TPC derivation method
3.1.1 Received DPCCH SIR

Figure 3 shows DPCCH SIR at serving cell and non-serving cell. As an extreme case, the TPC derivation method is switched every 30slots between normal one and modified one. In this figure, the following two types of condition are included.

· Period1:  DPCCH SIR at serving cell is higher than that of non-serving cell in both normal and Modified TPC derivation period. Therefore, transmit power of UE is always controlled so that the DPCCH SIR at serving cell is close to the target SIR.

· Period2:  DPCCH SIR at serving cell is lower than that of non-serving cell. Therefore, transmit power of UE is controlled so that the SIR at non-serving cell is close to the target SIR in normal TPC derivation period. On the other hand, in Modified TPC derivation period, the transmit power of UE is controlled so that the DPCCH SIR at serving cell is close to the target SIR.
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Fig. 3 DPCCH SIR with Modified TPC operation

3.1.2 Impact of pathloss difference between active set cells

In the viewpoint of ACK/NACK operation performance, it would be better that the cell having the smallest instantaneous pathloss (including shadow fading and fast fading) among the active set cells is selected as a serving cell. However, practically, instantaneous pathloss at serving cells are not always the smallest because of the uncorrelated fast fading between uplink and downlink, the signaling delay between RNC and Node B and so on. Figure 5 and 6 show the received SIR distributions of HS-DPCCH. In the case of Fig. 5, the cell having the smallest average pathloss (excluding fast fading) is always selected as a serving cell, while the cell having the largest average pathloss is always selected as a serving cell in the case of Fig. 6. Moreover, distributions are separately depicted for ACK/NACK signals in 3 successive sub-frames (see Fig. 4) in Modified TPC operation.  

In Modified TPC operation, there is a little degradation when the serving cell has larger average pathloss compared with non-serving cell. This is because, as we saw in period2 in Fig.1, that large transmit power increase is required when Modified TPC derivation is activated. Therefore, it takes time to achieve the target SIR and some earlier portion of ACK/NACK signals are degraded occasionally.

Table1 shows the ACK/NACK error rate for each ACK/NACK signal. Some deterioration is seen in the case that the serving cell has larger average pathloss. However, even in the worst case with Modified TPC operation, ACK/NACK error rate is approximately 5.4e-4. And the error rate is reduced to 2.5e-4 at third ACK/NACK signal. Moreover, such a situation that serving cell has larger average pathloss than non-serving cell is not so dominant. Therefore, the degradation due to average pathloss difference would be much smaller.
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Fig. 4 Transmission of ACK/NACK signals in the evaluation
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Fig. 5    HS-DPCCH SIR distribution

(Serving cell has smaller average pathloss than non-serving cell)
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Fig. 6      HS-DPCCH SIR distribution

(Serving cell has larger average pathloss than non-serving cell)

Table1 ACK/NACK error rate
	
	Average pathloss at serving cell is smaller than non-serving
	Average pathloss at serving cell is larger than non-serving

	Normal TPC
	2.42e-3
	9.05e-3

	Modified TPC
	First
	9.65e-5
	5.39e-4

	
	Second
	6.77e-5
	3.33e-4

	
	Third
	6.60e-5
	2.55e-4


3.2 Interference for non-serving cell

3.2.1 Interference increase during packet transmission

In Modified TPC derivation, transmit power for DPCCH (as well as DPDCH) is increased in accordance with increase of transmit power for HS-DPCCH. This excessive transmit power would be interference for the other links in non-serving cells, especially when pathloss at non-serving cell is smaller than that of serving cell. To estimate the increase of interference, DPCCH SIR dependent on the average pathloss difference are indicated in Fig. 7 and 8 for normal TPC derivation and Modified TPC derivation, respectively. For example, when the pathloss difference (Loss (non-serving cell) – Loss (serving cell)) is –3dB, the received SIR at non-serving cell is increased by 3.5 dB (from 2.5 dB with normal TPC to 6.0 dB with Modified TPC). On the other hand, when the average pathloss difference is 3dB, the increase is as little as 0.5dB (from –0.5dB to 0dB). This increase of received SIR corresponds to the increase of interference for other links in the cell. Here, note that only the packet transmission period is considered in the figure for Modified TPC operation.
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Fig. 7 Normal TPC operation
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Fig. 8 Modified TPC operation during packet transmission

3.2.2 Interference increase dependent on packet activity


Taking the packet activity into account, the increase of average received SIR at non-serving cell becomes smaller than that shown in the previous figure. As we can see in Fig. 9, when the packet activity is 30%, the increase of the received SIR is suppressed to 1dB (from 2.5dB in Fig.7 to 3.5dB in Fig. 9) at –3 dB of average pathloss difference.

The relationship between the increase of HS-DPCCH SIR and the packet activity is depicted for –3 and 3 dB of average pathloss cases in Fig. 10. As an example, let’s consider such a situation that there are 50UEs having HS-DPCCH channel and 4UEs out of them are always receiving HS-PDSCH packet in the cell. In this case, packet activity would be less than 10% for one UE. Under such a condition, the increase of received SIR would be less than 0.25dB at –3dB of average pathloss difference. In addition, at 3dB of pathloss difference, it would be so marginal as less than 0.01dB.  

Moreover, the possibility that serving cell has higher pathloss than non-serving cell becomes smaller as the difference between them becomes larger. Consequently, increase of interference would be much smaller from the viewpoint of overall system performance.  
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Fig. 9 DPCCH SIR with 30% of packet activity
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Fig. 10 Increase of interference dependent on packet activity

4. Conclusion

In this contribution, we showed further simulation results of Modified TPC operation, and clarified the following: 

·  When the serving cell has the smallest pathloss, even with TPC errors and with switching of TPC command derivation, the error rate of ACK/NACK signals is lower than 1e-4 from the first ACK/NACK signals after the switching of TPC command derivation. 

· When the serving cell has larger average pathloss than non-serving cell, the error rate is a little larger than 1e-4. However, it should be noted that this is not a dominant situation. 

·  The increase of interference due to DPCCH at non-serving cell depends on packet activity. With packet activity of 10%, the increase of interference is 0.25dB even when non-serving cell has 3dB lower average pathloss than serving cell for all UEs. The increase of interference is much smaller in reality where serving cell has lower average pathloss than non-serving cells. 

Considering above conclusions as well as the simplicity of modifications, we think Modified TPC operation is beneficial as the solution of HS-DPCCH operation in soft handover region. Therefore, we propose to employ Modified TPC operation with HS-DPCCH.  
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Appendix 

A. Simulation assumptions

	Cell deployment
	19 cells (3 sector cell)

	Cell radius
	1.73 km

	Path loss exponent 
	3.76

	Standard deviation of shadow fading 
	8 dB 

	Inner-loop TPC
	On

	Outer-loop power control
	On

	TPC step size
	1dB

	TPC command error rate
	Average error rate between active cells is approximately 3.5% 

	Active set size
	2

	Propagation Channel
	Two paths in equivalent level with fading variation corresponding to UE velocity of 3km/h.   

	Antenna configuration
	Single antenna

	HS-DPCCH SF
	256


B. ACK/NACK error probability


To derive ACK/NACK error rate in Table1 from the distribution for HS-DPCCH received SIR in Fig. 5 and 6, the following error probability function calculated by simulation was used. In the calculation, 10 bits sequences of 0 and 1 are used as ACK and NACK signal and transmitted with AWGN environment. The parameters are assumed so that 1.0e-5 of the error rate is achieved around the target SIR (=3dB).    
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Fig. B1 ACK/NACK error rate probability
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