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1
Introduction

The deployment of low-power nodes (LPN) in a HSPA network has been recognized as a cost-effective solution to boost the capacity of the entire network. So far, the focus of the study has been devoted to enhance the performance of HSPA data channel in HetNet. Given that the performance of control channels is a pre-requisite to ensure the performance of HSPA systems, it is important to discuss the performance of control channels in HetNets. The topic has also been discussed in [2].
In this contribution, we focus our attention on the performance of HSPA DL control channels 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 fractional dedicated physical channel (F-DPCH), high-speed shared control channel (HS-SCCH) and E-DCH hybrid ARQ indicator (E-HICH) channel.
2
Simulation Model
The topology of the simplified HetNet in our study is shown in Figure 1. We assume the network comprises 19 macro nodes, and each of them has 3 sectors. The 19 x 3 macro cells form a hexagonal grid and the serving LPN of interest is located at the cell boundary between two macros. One of the macro cells 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. This is a simplified HetNet model with one serving LPN and one dominant interfering macro with outer cell interference. The position of the UE has been distributed along the straight line between the LPN and its dominant interfering macro.
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Figure 1: Topology of simplified HetNet model
A close-up view for the serving LPN and its dominant macro interferer is given by Figure 2, both of which are highlighted in red. In practice, the LPN can be dropped in other places, but the worst-case scenario is considered here with regards to the influence from outer cells. 
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Figure 2: Location of serving LPN and dominant macro interferer
The parameters used in our simulations are summarized in Table 1.
Table 1:  System Simulation Assumptions

	Parameter
	Value

	Pathloss Model
	Macro to UE:  21.3+37.6×log10(due,macro) [dB]
LPN to UE:    45.6+36.7×log10(due,LPN)  [dB]

	Propagation Channel
	AWGN, PA3, PB3

	Shadow Fading
	None

	Antenna Gain+ 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, 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  is turned off

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

	Receiver Type
	Rake

	BLER Target for HS-SCCH
	1%

	BER Target for F-DPCH
	1%


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 padding [1]. 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 and 6 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. Table 2 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:  Ior and Ioc of LPN and Its Dominant Interferer for CIO=0, 3, 6 dB

	CIO (dB)
	Ior, LPN [dBm]
	Ior, Macro [dBm]
	Ioc (outer inference is fully loaded) [dBm]
	Ioc (outer interference is unloaded) [dBm]

	0
	-69.82
	-69.82
	-66.17
	-73.15

	3
	-72.47
	-69.47
	-66.37
	-73.35

	6
	-75.06
	-69.06
	-66.60
	-73.57


3
Power Control for HS Control Channels

In order to guarantee the reliability of control signalling in an interference-limited environment without wasting the power in DL, the power control for HS control channels is used in 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 [2]. In addition, a margin loop on the HS-SCCH channel ensures a target decoding error rate. 

F-DPCH power control is based on the SIR estimation at UE. The power control of E-HICH is implemented on top of F-DPCH by imposing a constant Ec/Ior offset to that of F-DPCH.
4
Performance of Power-Controlled HS Control Channels in HetNet
4.1

F-DPCH

In the simulations, the F-DPCH is power controlled to meet the BER target of 1%. Ideal uplink for DL TPC is assumed in our study. The allowed dynamic range of F-DPCH Ec/Ior is from -28 dB to -3 dB. Table 3 shows the average F-DPCH Ec/Ior. For those cases that the BER target cannot be met, the corresponding Ec/Ior entries are highlighted, and the actual BERs are put in brackets. 
It can be observed from this table that to meet the BER target of 1% and to accommodate CIO >=3 dB in PA3 and PB3 channel, the F-DPCH channel alone can consume a significant amount of transmit power, which is impractical when HSDPA data also needs to be scheduled for transmission.
Table 3:  Average Ec/Ior of Power Controlled F-DPCH
	BER Target of F-DPCH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior of F-DPCH [dB]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	AWGN
	0
	-9.84
	-12.64
	-13.32
	-16.02

	
	
	3
	-7.20
	-9.99
	-10.46
	-13.20

	
	
	6
	-4.73
	-7.32
	-7.63
	-10.35

	
	PA3
	0
	-7.90 (0.033)
	-11.44
	-11.63
	-15.48

	
	
	3
	-5.53 (0.072)
	-8.85
	-9.14 (0.026)
	-12.95

	
	
	6
	-3.12 (0.139)
	-6.41 (0.024)
	-6.69 (0.060)
	-10.30

	
	PB3
	0
	-8.02
	-11.27
	-11.33
	-14.55

	
	
	3
	-5.46 (0.020)
	-8.52
	-8.94
	-12.21

	
	
	6
	-3.03 (0.093)
	-5.58
	-6.29 (0.017)
	-9.48


4.2

E-HICH
We assume the E-HICH channel uses the 2-ms TTI configuration. 
Tables 4 and 5 show the missed detection rate of HARQ ACK signal (MDR) for E-HICH channel (false alarm rate target =10%) and the actual false alarm rate (FAR) we obtained, wherein the power offset of E-HICH is set to -12 dB with respect to that of the F-DPCH channel. Table 6 gives the average Ec/Ior for the power controlled E-HICH channel. The highlighted entries correspond to those cases that the FAR target of 10% is not met. 
It can be observed from Tables 4-6 that the performance of power controlled E-HICH depends on a judicious choice of power offset and the Ec/Ior requirement of the underlying F-DPCH channel as well. 
Table 4:  MDR of Power Controlled E-HICH

	Ec/Ior Offset of

E-HICH to F-DPCH
	Propagation

Condition
	CIO [dB]
	MDR of E-HICH

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	-12 dB
	AWGN
	0
	0.002
	0.002
	0.001
	0.001

	
	
	3
	0.002
	0.002
	0.002
	0.002

	
	
	6
	0.002
	0.002
	0.001
	0.002

	
	PA3
	0
	0.019
	0.003
	0.007
	0.0036

	
	
	3
	0.039
	0.005
	0.013
	0.002

	
	
	6
	0.074
	0.010
	0.029
	0.003

	
	PB3
	0
	0.003
	0.002
	0.003
	0.002

	
	
	3
	0.006
	0.002
	0.002
	0.002

	
	
	6
	0.021
	0.002
	0.004
	0.002


Table 5:  FAR of Power Controlled E-HICH

	Ec/Ior Offset of

E-HICH to F-DPCH
	Propagation

Condition
	CIO [dB]
	FAR of E-HICH

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	-12 dB
	AWGN
	0
	0.10
	0.10
	0.10
	0.10

	
	
	3
	0.10
	0.10
	0.10
	0.10

	
	
	6
	0.10
	0.10
	0.10
	0.10

	
	PA3
	0
	0.09
	0.10
	0.09
	0.10

	
	
	3
	0.09
	0.10
	0.10
	0.10

	
	
	6
	0.10
	0.11
	0.10
	0.11

	
	PB3
	0
	0.10
	0.11
	0.10
	0.11

	
	
	3
	0.10
	0.12
	0.11
	0.12

	
	
	6
	0.11
	0.13
	0.12
	0.13


Table 6:  Average Ec/Ior of Power Controlled E-HICH

	Ec/Ior Offset of

E-HICH to F-DPCH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior of E-HICH [dB]

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	-12 dB
	AWGN
	0
	-23.09
	-25.90
	-26.59
	-29.32

	
	
	3
	-20.49
	-23.26
	-23.74
	-26.46

	
	
	6
	-17.94
	-20.58
	-20.92
	-23.60

	
	PA3
	0
	-20.98
	-24.70
	-24.79
	-28.75

	
	
	3
	-18.64
	-22.03
	-22.23
	-26.18

	
	
	6
	-15.55
	-19.41
	-19.72
	-23.48

	
	PB3
	0
	-21.22
	-24.47
	-24.51
	-27.74

	
	
	3
	-18.59
	-21.78
	-22.10
	-25.40

	
	
	6
	-15.67
	-18.79
	-19.36
	-22.64


4.3

HS-SCCH
Targeting 1% BLER with power control, the corresponding power requirements of HS-SCCH are given by Table 7. The dynamic range of Ec/Ior for HS-SCCH is set as [-30, -2]dB. The highlighted Ec/Ior entries in Table 7 correspond to those situations that the BLER target cannot be met and the actual BLER are put in the brackets next to them.
	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%
	AWGN
	0
	-13.55
	-16.82
	-17.65
	-20.37

	
	
	3
	-10.02
	-13.69
	-14.42
	-15.68

	
	
	6
	-5.86
	-10.19
	-10.75
	-13.84

	
	PA3
	0
	-2.01 (0.053)
	-13.68
	-2.48 (0.017)
	-18.29

	
	
	3
	-2.00 (0.108)
	-4.04 (0.011)
	-2.04 (0.041)
	-14.88

	
	
	6
	-2.00 (0.189)
	-2.00 (0.034)
	-2.00 (0.089)
	-7.81

	
	PB3
	0
	-8.97
	-14.92
	-14.81
	-18.47

	
	
	3
	-2.02 (0.032)
	-11.08
	-9.82
	-15.79

	
	
	6
	-2.00 (0.136)
	-2.16 (0.018)
	-2.15 (0.025)
	-12.13


Table 7:  Average Ec/Ior of Power Controlled HS-SCCH (BLER Target=1%)

To obtain a better understanding for the power-control behaviour of F-DPCH and HS-SCCH channels, we plot the cdf of their instantaneous Ec/Ior in PA3 fading channel for fully loaded and unloaded interference scenarios in Figures 3-6. Based on the shape of CDF curves, we can see that CIO≥3 dB presents a challenge for UEs equipped with single RX antenna, no matter the interference from other macros is fully loaded or unloaded. The power control loop has exhausted the available power budget and operates at or close to the upper bound of Ec/Ior when the actual BER/BLER diverges from the target value. Using dual RX antennas can ameliorate this situation, but it still suffers from the shortage of power when CIO increases and outer interference becomes larger.
5
Conclusions
Based on the study of power controlled HSPA control channels in HetNet, we find that the reliable performance of control signalling requires a large portion of transmit power from the serving NodeB. When HSDPA data is scheduled to transmit in parallel with F-DPCH, HS-SCCH and E-channels, the energy requirement of control channels could become the bottleneck of the system with increased CIO. 
To guarantee the required data throughput, it is impractical to allocate most of the transmit power to control channels, while the performance enhancement of data channel does need the support from 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. Moreover, it also motivates us to investigate performance enhancing techniques for HSPA control channels so that the desirable cell biasing gains can be achieved in HetNet when the interference from other cells becomes significant. 
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Figure 3: CDF of Ec/Ior for power controlled F-DPCH channel when interference from other macros is fully loaded
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Figure 4: CDF of Ec/Ior for power controlled F-DPCH channel when interference from other macros is unloaded
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Figure 5:  CDF of Ec/Ior for power controlled HS-SCCH channel when interference from other macros is fully loaded
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Figure 6: CDF of Ec/Ior for power controlled HS-SCCH channel when interference from other macros is unloaded

Figure 1 Topology of the HetNet








7

