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1 Introduction
In this contribution, we focus our attention on the performance of power-controlled high-speed shared control channel (HS-SCCH) channel for UEs that are in the range expanded region between the macro and the LPN and have the LPN as the serving cell. In particular, we investigate the error performance and average Ec/Ior requirements for HS-SCCH after imposing an upper bound on their Ec/Ior levels.   
2
Simulation Model

In this study, we consider a simplified HetNet model with one serving LPN and one dominant interfering macro. We assume the network comprises 19 macro nodes, and each of them has 3 sectors. The 19 times 3 macro cells form a hexagonal grid. One of the macro cell becomes the dominant interferer of the LPN, whereas the rest of the macro cells are regarded as additional interference radiators, whose transmission power ratio can be scaled according to the traffic loads. Figure 1 shows the topology of the simplified HetNet model. 
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Figure 1: Topology of Simplified HetNet Model
The parameters used in our simulations are summarized in Table 1.
Table 1: System simulation assumptions
	Parameter
	Value

	Effective Path Loss (EPL)
	Path Loss+ Penetration Loss – NodeB Antenna Gain – UE Antenna Gain

	Path Loss 
	Macro to UE:  21.3+37.6×log10(due,macro) [dB]

LPN to UE:    45.6+36.7×log10(due,LPN)  [dB]

	Penetration Loss
	20 dB

	Propagation Channel
	PA3, PB3, VA30, VA120

	Shadow Fading
	None

	Antenna Gain
	0 dB

	Cable/Connector Loss
	Macro:  14dBi

LPN:   5dBi

	Transmit Power of NodeB
	Macro:  43 dBm

  LPN:  30 dBm

	Macro ISD
	500 meters

	Macro (dominant interferer) to LPN Distance
	288 meters   

	Interference Scenarios
	Fully Loaded: other 56 macro cells transmit at full power

Unloaded: other 56 macro cells keep 20% transmit power

	Physical Channels in Use
	F-DPCH, HS-SCCH, E-HICH, P-CPICH, P-CCPCH, PICH, SCH, HS-PDSCH and 6 OCNS codes.

	Transmit Powers for Physical Channels NOT considered for Power Control
	 P-CPICH  :  Ec/Ior = -10dB

 P-CCPCH :  Ec/Ior = -12dB

    PICH     :  Ec/Ior = -15dB

                                            SCH    :  Ec/Ior = -12dB
                                 HS-PDSCH    :  Ec/Ior = -3.5 dB
OCNS: OVSF indices and relative powers of the 6 codes are as in 3GPP TS 25.101 (Table C6). Total power of all OCNS codes is fixed in each slot = Ior- ∑c Pc, where Pc = average power of channel c in that slot. 

	Number of Rx Antennas
	1 and 2

	Channel Estimation
	Realistic, based on P-CPICH

	BLER Target for HS-SCCH
	1 %

	Power Constraint on HS-SCCH 
	-18 dB ≤ Ec/Ior ≤ -8 dB

	Power Constraint on F-DPCH
	-30 dB ≤ Ec/Ior ≤ -10 dB

	BER Target for F-DPCH
	4 %

	Target for EHICH Detection
	Case 1: UE not in SHO and LPN is the serving cell (False alarm rate ≤10%,  Missed Detection ≤5%)

Case 2: UE in SHO and LPN is the serving cell (False alarm rate ≤10%,  Missed Detection ≤5%)




Due to the lower transmit power of the LPN, the UL boundary is not aligned with the DL boundary. The smaller coverage area of LPN usually leads to a lower loading factor. Therefore, it is desirable to expand the DL coverage of LPN, and this can be achieved by cell biasing. Basically, the DL boundary of LPN can be pushed towards the direction of macro by the use of cell individual offset (CIO). CIO can be defined as the dB difference in received signal power from the macro and the LPN. In our study, we consider the cases for CIO=0, 3, 6, 9 and 12 dB. 

The serving LPN and the macro allocate the transmit power proportionally according to the Ec/Ior assigned to a particular control channel. At UE side, the power received from LPN and macros are calculated using the pathloss formula in Table 1. For the topology  in Figure 1, Table 2.1 shows Ior and Ioc of LPN and its dominant macro interferer for given CIO values, where Ior represents the received power and Ioc includes the thermal noise as well as the interference from 56 outer macro cells as shown in Figure 1. As a result, the received power at UE consists of three parts, that is: the desired signal from LPN (Ior, LPN), the interference from dominant macro interference (Ior,macro) and the interference from outer cells plus noise (Ioc). Then the receiver of UE tries to decode the DL control channel of its serving LPN in the presence of interferences Ior,macro and Ioc. Table 2.2 gives the Ior/Ioc values of LPN and the dominant macro interferer for fully loaded and unloaded scenarios.
Table 2.1:   Ior and Ioc of LPN and its dominant interferer for CIO = 0, 3, 6, 9, 12 dB
	CIO (dB)
	Ior, LPN [dBm]
	Ior, macro [dBm]
	Ioc (outer inference is fully loaded) [dBm]
	Ioc (outer interference is unloaded) [dBm]

	0
	-59.74
	-59.74
	-70.19
	-77.15

	3
	-62.37
	-59.37
	-70.07
	-77.04

	6
	-64.94
	-58.94
	-69.92
	-76.88

	9
	-67.43
	-58.43
	-69.72
	-76.69

	12
	-69.84
	-57.84
	-69.47
	-76.44


Table 2.2:   Ior/Ioc of LPN and its dominant Macro interferer for CIO = 0, 3, 6, 9, 12 dB
	CIO (dB)
	Ior/Ioc, LPN (fully loaded) [dB]
	Ior/Ioc, macro (fully loaded) [dB]
	Ior/Ioc, LPN (unloaded) [dB]
	Ior/Ioc, macro (unloaded) [dB]

	0
	10.45
	10.45
	17.41
	17.41

	3
	7.70
	10.70
	14.67
	17.67

	6
	4.98
	10.98
	11.94
	17.94

	9
	2.29
	11.29
	9.26
	18.26

	12
	-0.37
	11.63
	6.60
	18.60


3
Performance of Power-Controlled HS-SCCH Channel in HetNet
In order to guarantee the reliability of control signalling in an interference-limited environment without wasting the power in DL, power control is activated for HS-SCCH in our simulations. The power control of HS-SCCH can be implemented by the serving LPN based on the channel quality information (CQI) obtained from HS-DPCCH. In this study, we impose an upper bound on the Ec/Ior of power controlled HS control channels as shown in Table 1.  Targeting 1% BLER with power control, the actual BLER and the corresponding power requirements of HS-SCCH are given by Table 3 and 4, respectively. The dynamic range of Ec/Ior for HS-SCCH is set as [-18, -8] dB and a realistic outer loop adjustment was used in HS-SCCH power control. To illustrate the impacts of power-controlled HS-SCCH channel, we also show the average throughput of HS-PDSCH in Table 5, assuming the HARQ operates at 10% BLER target after the first transmission.
Table 3: BLER of power controlled HS-SCCH (BLER target = 1%)
	BLER Target of HS-SCCH
	Propagation

Condition
	CIO [dB]
	BLER of HS-SCCH [dB]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	PA3
	0
	0.01
	0.01
	0.01
	0.00

	
	
	3
	0.04
	0.01
	0.03
	0.01

	
	
	6
	0.09
	0.01
	0.07
	0.01

	
	
	9
	0.20
	0.01
	0.14
	0.01

	
	
	12
	0.36
	0.02
	0.21
	0.02

	
	PB3
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.01
	0.01
	0.01
	0.00

	
	
	9
	0.03
	0.01
	0.03
	0.01

	
	
	12
	0.13
	0.01
	0.10
	0.01

	
	VA30
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.04
	0.00
	0.02
	0.00

	
	
	6
	0.06
	0.01
	0.04
	0.01

	
	
	9
	0.12
	0.02
	0.11
	0.02

	
	
	12
	0.32
	0.04
	0.27
	0.04

	
	VA120
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.03
	0.01
	0.02
	0.00

	
	
	6
	0.07
	0.01
	0.05
	0.01

	
	
	9
	0.26
	0.03
	0.20
	0.03

	
	
	12
	0.38
	0.06
	0.34
	0.05


Table 4: Average Ec/Ior of power controlled HS-SCCH (BLER target = 1%)
	BLER Target of HS-SCCH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior of HS-SCCH [dB]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	PA3
	0
	-14.09
	-18.00
	-13.99
	-18.00

	
	
	3
	-11.81
	-17.78
	-12.35
	-17.93

	
	
	6
	-9.99
	-16.83
	-10.38
	-17.40

	
	
	9
	-8.97
	-14.96
	-9.34
	-16.25

	
	
	12
	-8.06
	-12.40
	-8.63
	-14.65

	
	PB3
	0
	-17.18
	-18.00
	-17.35
	-18.00

	
	
	3
	-15.40
	-18.00
	-15.69
	-18.00

	
	
	6
	-12.39
	-18.00
	-13.04
	-18.00

	
	
	9
	-8.96
	-17.41
	-9.41
	-17.97

	
	
	12
	-8.10
	-15.27
	-8.20
	-17.09

	
	VA30
	0
	-13.04
	-18.00
	-13.56
	-18.00

	
	
	3
	-10.88
	-18.00
	-11.36
	-18.00

	
	
	6
	-9.23
	-15.03
	-9.63
	-16.96

	
	
	9
	-8.32
	-11.77
	-8.54
	-13.33

	
	
	12
	-8.05
	-9.19
	-8.11
	-10.24

	
	VA120
	0
	-13.21
	-18.00
	-13.59
	-18.00

	
	
	3
	-10.92
	-18.00
	-11.41
	-18.00

	
	
	6
	-8.98
	-14.33
	-9.38
	-15.67

	
	
	9
	-8.10
	-10.14
	-8.19
	-11.17

	
	
	12
	-8.01
	-8.87
	-8.03
	-9.63


Table 5: Throughput of HS-PDSCH with realistic HS-SCCH decoding
	HS-PDSCH Mode
	Propagation

Condition
	CIO [dB]
	Average Throughput of HS-PDSCH [kbps]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	VRC, Target 1st Transmission BLER 10%
	PA3
	0
	430.29
	701.38
	500.84
	749.25

	
	
	3
	362.64
	615.94
	407.91
	688.31

	
	
	6
	217.97
	560.07
	254.11
	617.21

	
	
	9
	122.33
	531.02
	178.78
	593.91

	
	
	12
	42.89
	435.09
	61.84
	475.25

	
	PB3
	0
	776.26
	1033.77
	788.94
	1231.14

	
	
	3
	532.35
	992.80
	575.03
	1105.22

	
	
	6
	296.09
	874.51
	353.20
	1065.86

	
	
	9
	151.01
	783.59
	182.25
	973.66

	
	
	12
	68.72
	473.07
	84.70
	754.18

	
	VA30
	0
	388.71
	925.26
	436.91
	992.67

	
	
	3
	209.42
	862.38
	280.30
	913.53

	
	
	6
	110.27
	591.73
	169.17
	742.75

	
	
	9
	60.05
	287.55
	87.58
	430.35

	
	
	12
	33.43
	116.13
	58.17
	168.65

	
	VA120
	0
	449.69
	1012.61
	557.59
	1260.24

	
	
	3
	234.96
	1003.82
	288.29
	1071.55

	
	
	6
	105.73
	586.09
	143.22
	778.44

	
	
	9
	42.28
	198.74
	57.78
	269.21

	
	
	12
	21.44
	108.14
	30.08
	143.07


It can be observed from Table 3-4 that using single receive antenna, the 1% BLER target of HS-SCCH cannot be met when CIO ≥ 3dB for most of the cases studied, even though the transmit Ec/Ior operates at the upper bound -8 dB. Using dual receive antennas can effectively improve the BLER performance and reduce the power consumption, which makes the 1% target to be met for CIO up to 9 dB in most of the cases. If CIO were to be increased further to allow for more advanced receivers such as network assisted interference canceller (NA-IC), we would need to study further enhancement strategies for the HS-SCCH performance. This is because HS-PDSCH can benefit from NA-IC but the strict latency requirement on HS-SCCH decoding may prevent it from benefiting from advanced interference cancellation techniques.
4
Conclusions

Based on the study of power controlled HSPA control channels in HetNet, we find that the reliable performance of HS-SCCH channel requires a large portion of transmit power from the serving NodeB. When HSDPA data is scheduled to transmit in parallel with HS-SCCH, F-DPCH [1-2], the energy requirement of control channels could become the bottleneck of the system as CIO increases. To guarantee the required data throughput, it is impractical to allocate most of the transmit power to control channels.  On the other hand, the performance enhancement of data channel does need the support of reliable control signalling. This dilemma suggests that the power budget for control channels has to be taken into account in the cell planning for HetNet. When a large CIO is desired in HetNet, the performance enhancement of HSPA control channels is imperative to guarantee sufficient cell throughput.
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