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1. Introduction
In the last WG1 meeting at Oulu, we presented the impact of HS-SCCH power control on HSDPA system throughput [1]. Among several possible schemes for HS-SCCH power control, we evaluated fixed power offset schemes based on associated DPCH power. The system simulation results showed that fixed power offset based on SHO status had still space for the improvement.

In this document we studied further possible enhanced HS-SCCH power control schemes. One is updating power offset scheme depending on UE’s HO state. Another scheme is power offset is decided based on CQI. These schemes had been previously showed in other documents [2]
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[3] however how those HS-SCCH power control schemes affect system performance is not yet discussed. We performed simulations on system throughput performance for those two schemes.

2. HS-SCCH Power Control
2.1. Review 

In [1], we focused on variable power operations and evaluated the system throughput with fixed HS-SCCH power offset from DPCH. We show again simulation results 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 each channel (common control channels are united except for CPICH).

These results of case (a) to (d) are identical with our previous evaluation [1] and the differences between those cases are again summarized in following Table 1. Annex shows other simulation parameters.

In case (a) and (b), fixed power offset was given to HS-SCCH regardless of number of active sets.
As you can see from the comparison between case (a) and case (b) in Fig. 1 and Fig. 2, adopting enough power offset for HS-SCCH in order to compensate less power of associated DPCH lead to unnecessary waste of power resources then the throughput degrade by 20%.

In case (c) and (d), UE has additional mode to generate TPC commands only from HSDPA serving cell.
It doesn’t need to have large power offset for HS-SCCH and HS-SCCH power can be reduced as shown in Fig.2. However associated DPCH require much power compared with conventional R99 TPC in case (a) and (b), even though in case (d), which is UE switch TPC generation mode according to whether NodeB has data to the UE or not. Then you can see in comparison with case (a) and (d), the system performance degradation can be somewhat mitigated but it still has loss caused by increase of associated DPCH power.

Table 1 Simulation parameters

	
	Case (a)
	Case (b)
	Case (c)
	Case (d)
	Case (e)
	Case (f)

	Type of Power control scheme
	Fixed offset for associated DPCH
	Fixed offset for associated DPCH
	Fixed offset for associated DPCH
	Fixed offset for associated DPCH
	Variable offset for associated DPCH
	Based on CQI report

	The maximum number of active set
	1
	3
	3
	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)
	To switch following offset based on number of active set;[4]
1way: same as case(a)
2way:case(a)+16dB
3way:case(a)+18dB
	N.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:
i) R99 based when Node B does not have a data to a target UE.
ii) Only from serving cell when Node B has a data to a target UE.
	R99 scheme
	R99 scheme


2.2. Another Possible Power Control schemes

We consider that desired power control scheme for HS-SCCH is to configure minimum required power in order to minimize the interference for any other channels with keeping SHO gain of associated DPCH.

In order to investigate more about the relation between HS-SCCH power control and system performance, we further evaluated another schemes as case (e) and (f). These schemes have been described previously in [2]

 REF _Ref15917043 \r \h 
[3]. Fig. 1 and 2 also show the simulation result of case (e) and case (f).

Case (e): variable offset for associated DPCH

In case (e) we don’t use fixed (namely constant) power offset from DPCH but switch power offset according to the number of active set. We adopt the power offset requirements shown in [4]. With these requirements, additional 16dB is adopted to the offset for 2way SHO, and 18dB to 3way SHO. In this evaluation we assume that RNC inform NodeB the offset value for the UE and switching is perfectly performed.

In Fig.2, case (e) shows almost same power for associated DPCH as case (a) and (b) because there is no difference on UE’s TPC command generation scheme between those cases.
We can see that HS-SCCH has as much power as case (b), which is fixed offset from DPCH. Though there may be some possibilities to save power resource by adjusting required offset for SHO in detail, as we can see in Fig. 1, we can conclude that system throughput with case (e) shows almost same performance with case (d).

Case (f): based on CQI report

In case (f) we utilize CQI report to measure downlink radio quality instead of associated DPCH power [2]
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[3].
This scheme behaves as follows.
CQI report can be interpreted as CIR of HS-PDSCH. NodeB knows estimated transmit power of HS-PDSCH at UE. NodeB can transform CQI into estimated CIR of HS-SCCH. Then NodeB knows required transmit power for HS-SCCH to satisfy required CIR at the UE.

In Fig. 2, we can see that HS-SCCH doesn’t need extra power compared to other case (b) to (e). This is because adequate required power for HS-SCCH can be set regardless of SHO status of associated DPCH. Then Fig. 1 shows that case (f) is effective to mitigate the degradation of system throughput without increasing DPCH and HS-SCCH power.

In this evolution, we assume that CQI report is performed every 2ms so this is the best performance of CQI based power control scheme. Effect of frequency of CQI report is to be further discussed.
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Fig. 1 HSDPA system throughput (packet call) and HS-SCCH FER
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Fig. 2 average Tx power 

3. Conclusions
In this document we studied HS-SCCH power control schemes further. 

We evaluated two possible enhanced methods:
- One is switching power offset depending on UE’s HO state. 
- Another is CQI based scheme. 
We performed simulations on system throughput performance for those two schemes. The simulation results show that improvement can be achieved by CQI based power control scheme. 
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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]

	SF of DPCH
	256

	DPCH TPC error rate
	4%

	Outerloop on DPCH
	Off

	Scheduler
	Proportional fairness

	CQI report delay
	8 [ms]
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