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1. Introduction
In release 5, NodeB can control HS-SCCH transmission power with the power offset from DPCCH power specified by RNC. A number of contributions have pointed out that required power offset for HS-SCCH is different between non-SHO and SHO. Hence a certain power offset is proposed [1] and it was agreed to change the power offset based on SHO status [2][3].

In this document we studied HS-SCCH power control schemes. The system simulation results show that fixed power offset based on SHO status has still space for the improvement. We further evaluated one possible enhance method.

2. HS-SCCH Power Control 

There are several possible schemes for HS-SCCH power control.
- For fixed power operation, HS-SCCH power could be configured to keep requirement in a poor radio link condition, e.g. at cell fringe. Then HS-SCCH may waste much power and reduce system radio resources for HS-PDSCH.
- For variable power operation, HS-SCCH power could be configured based on associated DPCH with a certain power offset. As HS-SCCH power can be set according to each UE, this operation is preferable.

RAN1 has discussed that required HS-SCCH power offset could be varied according to the SHO status [1][2][3]. In order to compensate less power of associated DPCH in SHO and keep HS-SCCH requirements, much higher power offset from DPCH is needed than one in non-SHO case. If HS-SCCH power offset is not changed according to the SHO status, then power offset for SHO is applied all time. Transmission power as system radio resources get wasted by unnecessary power offset in non-SHO. 

Difference of required power offset between non-SHO case and SHO case is over 10dB in slow UE speed[1], this power raise may seriously degrade the system throughput. We evaluated the system throughput with fixed HS-SCCH power offset from DPCH. These results are shown in Fig. 1 and Fig. 2. Fig. 1 shows FER of HS-SCCH and system throughput (packet call). Fig. 2 shows the percentage of average transmission power of HS-SCCH and associated DPCH in total transmission power. The result in Fig. 2 is evaluated with same parameters as Fig. 1.

The difference between cases a, b, c and d is shown in following table. Annex shows other simulation parameters.
Table 1 Simulation parameters

	
	Case a
	Case b
	Case c
	Case d

	The maximum number of active set 
	1
	3
	3
	3

	Power offset 
	Set to HS-SCCH FER < 1%
	The power offset in case a + 10dB
	Same as case a
	Same as case a

	UE's TPC command generation
	Only from serving cell (because this is non-SHO)
	R99 scheme (combined Rx quality from all active set cells)
	Only from serving cell
	To switch between following TPC behaviour:
a) R99 based when Node B has a data to a target UE.
b) Only from serving cell when Node B does not have a data to a target UE.


As you can see from the comparison between case a and case b in Fig. 1, the throughput with fixed 10dB offset from non-SHO degraded by 20 %. This is because higher power is assigned to HS-SCCH. The comparison between case a and b in Fig 2 show this. Therefore, fixed offset method for SHO does not totally solve the problem. To consider the method to reduce HS-SCCH and DPCH power is important.
As one of possible solution, we evaluated following scheme. That is to have additional mode to generate TPC command only from HSDPA serving NodeB. Case c in Fig. 1 and 2 show this simulation results. But the throughput is degraded more than case b. Case c in Fig 2 shows DPCH power is extremely increased because non-serving cell's DPCH power is controlled by only serving cell's DPCH.

So we further evaluated the scheme as case d. Case d is to switch between two TPC behaviours according to the Node B's queue status. UE switch between
a) R99 based when Node B has a data to a target UE.
b) Only from serving cell when Node B does not have a data to a target UE.
In real condition, UE cannot know the status of Node B's queue but this is simulated as ideal behaviour. One possible implementation is UE behave differently based on the detection of HS-SCCH. 
Fig. 1 and 2 also show the simulation result of case d. These graphs show case d is effective to mitigate the degradation of system throughput without too much increasing DPCH and HS-SCCH power.
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Fig. 1 HSDPA system throughput (packet call) and HS-SCCH FER
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Fig. 2 Tx power of HS-SCCH and associated DPCH

3. Conclusions
In this document we studied HS-SCCH power control schemes. The system simulation results show that some improvement is necessary for HS-SCCH power control. We evaluated one possible enhanced method. UE switches two mode, one of which is TPC command is generated only form HSDPA serving Node B. The result shows the effectiveness of this method. We are planning to consider this issue further as release 6 time frame.
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5. Annex: simulation parameters

Table 2 Other simulation parameters

	Parameters
	Value

	Cell layout
	Hex 7 cell with wrapping

	Number of sectors per site
	3

	Site to site distance
	1800 [m]

	Channel profile model
	Rayleigh 2paths (0, -3dB)

	Number of RAKE receiver fingers
	2

	Number of UE per sector
	40

	UE speed
	3 [km/h]

	Simulation time step
	2.0 [msec]

	Total tx power 
	43 [dBm]

	Common control channel power
	35%

	CPICH CIR measurement error
	Standard deviation = 1 [dB]

	DPCH TPC error rate
	4%

	Outerloop on DPCH
	Off

	Scheduler
	Proportional fairness

	CQI report delay
	8 [ms]
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