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1 Introduction
One of the remaining topics that was highlights at the last RAN plenary was the study of E-DCH de-coupling. In this contribution we examine the quality and cost of downlink control channel signalling transmitted by the LPN.

2
Discussion
The concept of E-DCH de-coupling in a hetnet framework involves assigning the Macro as the serving cell on the downlink and the LPN as the serving cell on the uplink. Separation of serving cell on the DL and UL is attractive in scenarios the LPN is the stronger cell on the uplink while the Macro is the stronger cell on the downlink. 
Such situations arise when there is an imbalance between the Macro and LPN transmit powers and the UE is in soft handover between the two cells. The changes needed to enable such an operation are to allow the LPN to transmit the serving grant E-AGCH and the ack channel E-HICH on the downlink to the UE. 

The cost and the quality of signalling such control channels needs is evaluated below.

3
Simulation Model

In this study, we consider a simplified HetNet model for E-DCH de-coupling with one LPN as UL serving NodeB. 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 DL serving NodeB, 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 for E-DCH De-coupling
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
	144 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, E-HICH, P-CPICH, P-CCPCH, PICH, SCH 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

	TTI of E-DCH
	10 ms

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

	BER Target for F-DPCH
	4 %

	Target for E-HICH Detection
	False Alarm Rate ≤10%,  Missed Detection Rate ≤5%

	Target for E-AGCH Decoding
	BLER ≤ 1%
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Figure 2:  Illustration for Serving Macro, Serving LPN and UEs under E-DCH De-coupling Status

Due to the lower transmit power of the LPN, the UL boundary is not aligned with the DL boundary. Figure 2 illustrates the situation of UL/DL imbalance. In order to characterize the performance of UEs in E-DCH de-coupling as a function of UL/DL imbalance, we introduce the use of cell individual offset (CIO), which is defined as the dB difference in received signal power from the macro and the LPN. 
If we assume that the SHO region extends 3dB on either side of the DL boundary including the CIO , say 3dB, then the performance of the control channels at the edge of the soft handover region can be evaluated by considering CIO values of 0dB and 6dB.  

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 macro 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. The UEs in E-DCH coupling tries to decode the UL grants sent by its serving LPN in the presence of interferences Ior,macro and Ioc. Table 2.2 gives the Ior/Ioc values of LPN and macro for fully loaded and unloaded situations.
Table 2.1:   Ior and Ioc of Serving LPN and Macro 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 Serving LPN and Macro 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


4
Performance of Control Channels for E-DCH De-coupling
In order to guarantee the reliability of control signalling in an interference-limited environment without wasting the power in DL, power control for E-HICH, E-AGCH and F-DPCH are considered in our study. The power control of E-HICH and E-AGCH are implemented on top of F-DPCH by imposing a constant Ec/Ior offset to that of F-DPCH [4-5]. In this study, we impose an upper bound on the Ec/Ior of power controlled F-DPCH as shown in Table 1, which aims to meet the BER target of 4%. Ideal uplink for DL TPC is assumed in this study. The dynamic range of F-DPCH Ec/Ior is set to [-30 dB, -10 dB]. 
Tables 3-5 show the average Ec/Ior, BER and erasure rate of F-DPCH channel for E-DCH de-coupling. It can be observed from Table 3 that when UE is equipped with a single receive antenna, the BER target of 4% can be met by UEs in SHO region except for PA3 channel. To meet the 4% target in PA3 channel, either a higher Ec/Ior is needed for single RX antenna or dual RX antennas are to be used.
Assuming the target for the false alarm rate (FAR) is 10% and the target for the missed detection rate (MDR) is 5%, Table 6-8 show the FAR, MDR along with the average Ec/Ior, wherein the E-DCH TTI is 10ms and the E-HICH power offset is chosen as -8 dB (relative to F-DPCH) to satisfy the target FAR/MDR in large CIO scenarios. 
It can be seen from Table 6-8 that the performance targets of FAR and MDR can be satisfied by UEs in SHO region for all propagation conditions considered, and the required Ec/Ior is under -18 dB. For UE with dual receive antennas, the performance targets can be met even for very large CIOs up to 12 dB.
Assuming the BLER target is 1%, Table 9-10 show the average BLER along with the average Ec/Ior for power controlled E-AGCH channel and the E-AGCH power offset to F-DPCH is set as -2 dB. Similar to F-DPCH, the performance target can be met for all UEs in SHO region except for PA3 channel. The actual BLER for UEs with single RX antenna is 5% for both fully-loaded and unloaded cases. To meet the 1% target, either the power offset of E-AGCH needs to be increased, or the use of dual RX antennas are required.
Table 3: Average BER for power controlled F-DPCH
	BER Target of F-DPCH
	Propagation

Condition
	CIO [dB]
	Average BER of TPC Bits of F-DPCH 

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	4%
	PA3
	0
	0.01
	0.00
	0.01
	0.01

	
	
	3
	0.03
	0.01
	0.03
	0.01

	
	
	6
	0.07
	0.01
	0.07
	0.01

	
	
	9
	0.14
	0.03
	0.13
	0.03

	
	
	12
	0.24
	0.07
	0.23
	0.07

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.03
	0.00
	0.02
	0.00

	
	
	9
	0.10
	0.02
	0.09
	0.01

	
	
	12
	0.27
	0.08
	0.24
	0.07

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.03
	0.00
	0.02
	0.00

	
	
	9
	0.08
	0.02
	0.07
	0.01

	
	
	12
	0.20
	0.07
	0.19
	0.06

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.03
	0.01
	0.03
	0.01

	
	
	9
	0.07
	0.02
	0.06
	0.02

	
	
	12
	0.16
	0.07
	0.15
	0.06


Table 4: Average erasure rate for power controlled F-DPCH
	BER Target of F-DPCH
	Propagation

Condition
	CIO [dB]
	Average Erasure Rate of TPC Bits of F-DPCH 

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	4%
	PA3
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.02
	0.00
	0.02
	0.00

	
	
	6
	0.04
	0.00
	0.04
	0.00

	
	
	9
	0.10
	0.01
	0.09
	0.01

	
	
	12
	0.18
	0.04
	0.17
	0.04

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.01
	0.00
	0.01
	0.00

	
	
	9
	0.06
	0.00
	0.05
	0.00

	
	
	12
	0.20
	0.04
	0.18
	0.03

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.02
	0.00
	0.02
	0.00

	
	
	12
	0.10
	0.01
	0.09
	0.01

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.01
	0.00
	0.01
	0.00

	
	
	12
	0.03
	0.01
	0.03
	0.01


Table 5: Average Ec/Ior for power controlled F-DPCH
	BER Target of F-DPCH
	Propagation

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

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	4%
	PA3
	0
	-14.92
	-18.48
	-15.39
	-19.04

	
	
	3
	-12.39
	-16.07
	-12.96
	-16.68

	
	
	6
	-10.13
	-13.54
	-10.20
	-14.15

	
	
	9
	-10.04
	-10.42
	-10.05
	-11.26

	
	
	12
	-10.00
	-10.04
	-10.02
	-10.07

	
	PB3
	0
	-13.62
	-16.78
	-13.86
	-17.02

	
	
	3
	-11.62
	-14.61
	-11.87
	-14.93

	
	
	6
	-10.04
	-12.17
	-10.05
	-12.48

	
	
	9
	-10.01
	-10.04
	-10.02
	-10.05

	
	
	12
	-10.00
	-10.01
	-10.01
	-10.01

	
	VA30
	0
	-12.87
	-16.41
	-13.13
	-16.68

	
	
	3
	-10.24
	-14.12
	-10.48
	-14.44

	
	
	6
	-10.04
	-11.50
	-10.04
	-11.81

	
	
	9
	-10.01
	-10.04
	-10.02
	-10.04

	
	
	12
	-10.00
	-10.01
	-10.01
	-10.01

	
	VA120
	0
	-11.84
	-15.72
	-12.06
	-16.01

	
	
	3
	-10.07
	-13.33
	-10.07
	-13.60

	
	
	6
	-10.03
	-10.64
	-10.03
	-10.95

	
	
	9
	-10.01
	-10.03
	-10.01
	-10.04

	
	
	12
	-10.00
	-10.01
	-10.00
	-10.01


Table 6: FAR of power controlled E-HICH 
	FAR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Fully Loaded

	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	FAR≤10%
	PA3
	0
	0.07
	0.07
	0.07
	0.07

	
	
	3
	0.07
	0.06
	0.07
	0.07

	
	
	6
	0.08
	0.06
	0.08
	0.06

	
	
	9
	0.11
	0.06
	0.11
	0.07

	
	
	12
	0.17
	0.07
	0.16
	0.07

	
	PB3
	0
	0.06
	0.06
	0.06
	0.06

	
	
	3
	0.07
	0.07
	0.06
	0.06

	
	
	6
	0.08
	0.07
	0.07
	0.06

	
	
	9
	0.09
	0.07
	0.08
	0.07

	
	
	12
	0.15
	0.07
	0.14
	0.09

	
	VA30
	0
	0.05
	0.05
	0.05
	0.05

	
	
	3
	0.06
	0.05
	0.06
	0.05

	
	
	6
	0.07
	0.05
	0.07
	0.05

	
	
	9
	0.08
	0.07
	0.08
	0.06

	
	
	12
	0.10
	0.08
	0.09
	0.07

	
	VA120
	0
	0.05
	0.05
	0.05
	0.05

	
	
	3
	0.05
	0.05
	0.05
	0.05

	
	
	6
	0.06
	0.06
	0.05
	0.06

	
	
	9
	0.07
	0.06
	0.06
	0.06

	
	
	12
	0.08
	0.06
	0.07
	0.06


Table 7: MDR of power controlled E-HICH (E2F=-8 dB)
	MDR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB] (MDR)

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	MDR≤5%
	PA3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.01
	0.00
	0.01
	0.00

	
	
	6
	0.02
	0.00
	0.02
	0.00

	
	
	9
	0.03
	0.00
	0.03
	0.00

	
	
	12
	0.05
	0.02
	0.05
	0.01

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.02
	0.00
	0.02
	0.00

	
	
	12
	0.06
	0.02
	0.06
	0.01

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.01
	0.00
	0.00
	0.00

	
	
	12
	0.04
	0.00
	0.04
	0.00

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.00
	0.00
	0.00
	0.00

	
	
	12
	0.01
	0.00
	0.01
	0.00


Table 8: Average Ec/Ior of power controlled E-HICH (E2F=-8 dB)
	MDR Target of

E-HICH
	Propagation

Condition
	CIO [dB]
	Average Ec/Ior [dB] (MDR)

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	MDR≤5%

FAR≤ 10%
	PA3
	0
	-22.93
	-26.49
	-23.38
	-27.03

	
	
	3
	-20.38
	-24.05
	-20.94
	-24.68

	
	
	6
	-18.13
	-21.53
	-18.20
	-22.15

	
	
	9
	-18.04
	-18.43
	-18.05
	-19.31

	
	
	12
	-18.02
	-18.04
	-18.02
	-18.07

	
	PB3
	0
	-21.61
	-24.80
	-21.87
	-25.03

	
	
	3
	-19.63
	-22.62
	-19.89
	-22.95

	
	
	6
	-18.04
	-20.16
	-18.05
	-20.49

	
	
	9
	-18.01
	-18.04
	-18.02
	-18.04

	
	
	12
	-18.00
	-18.01
	-18.01
	-18.01

	
	VA30
	0
	-20.87
	-24.43
	-21.13
	-24.68

	
	
	3
	-18.25
	-22.13
	-18.47
	-22.43

	
	
	6
	-18.04
	-19.50
	-18.04
	-19.81

	
	
	9
	-18.01
	-18.04
	-18.02
	-18.04

	
	
	12
	-18.01
	-18.01
	-18.01
	-18.01

	
	VA120
	0
	-19.82
	-23.74
	-20.05
	-24.00

	
	
	3
	-18.06
	-21.33
	-18.07
	-21.60

	
	
	6
	-18.03
	-18.65
	-18.03
	-18.96

	
	
	9
	-18.01
	-18.03
	-18.01
	-18.04

	
	
	12
	-18.00
	-18.01
	-18.00
	-18.01


Table 9: Average BLER for power controlled E-AGCH (E2F=-2 dB)
	BER Target of E-AGCH
	Propagation

Condition
	CIO [dB]
	Average BLER of E-AGCH

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	PA3
	0
	0.01
	0.00
	0.01
	0.00

	
	
	3
	0.02
	0.00
	0.02
	0.00

	
	
	6
	0.05
	0.00
	0.05
	0.00

	
	
	9
	0.11
	0.01
	0.11
	0.01

	
	
	12
	0.22
	0.04
	0.20
	0.03

	
	PB3
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.01
	0.00
	0.01
	0.00

	
	
	9
	0.06
	0.00
	0.05
	0.00

	
	
	12
	0.22
	0.05
	0.20
	0.04

	
	VA30
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.01
	0.00
	0.01
	0.00

	
	
	12
	0.09
	0.01
	0.08
	0.00

	
	VA120
	0
	0.00
	0.00
	0.00
	0.00

	
	
	3
	0.00
	0.00
	0.00
	0.00

	
	
	6
	0.00
	0.00
	0.00
	0.00

	
	
	9
	0.00
	0.00
	0.00
	0.00

	
	
	12
	0.03
	0.00
	0.02
	0.00


Table 9: Average Ec/Ior for power controlled E-AGCH(E2F= -2 dB)
	BLER Target of E-AGCH
	Propagation

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

	
	
	
	Fully Loaded
	Unloaded

	
	
	
	Single RX
	Dual RX
	Single RX
	Dual RX

	1%
	PA3
	0
	-16.95
	-20.51
	-17.4
	-21.11

	
	
	3
	-14.41
	-18.09
	-14.99
	-18.78

	
	
	6
	-12.15
	-15.57
	-12.21
	-16.22

	
	
	9
	-12.04
	-12.45
	-12.09
	-13.33

	
	
	12
	-12.02
	-12.07
	-12.02
	-12.09

	
	PB3
	0
	-15.62
	-18.79
	-15.88
	-19.13

	
	
	3
	-13.62
	-16.62
	-13.85
	-17.05

	
	
	6
	-12.04
	-14.18
	-12.1
	-14.57

	
	
	9
	-12.01
	-12.05
	-12.05
	-12.12

	
	
	12
	-12.00
	-12.02
	-12.01
	-12.03

	
	VA30
	0
	-14.87
	-18.46
	-15.19
	-18.79

	
	
	3
	-12.24
	-16.17
	-12.48
	-16.51

	
	
	6
	-12.04
	-13.54
	-12.11
	-13.88

	
	
	9
	-12.01
	-12.09
	-12.08
	-12.09

	
	
	12
	-12.00
	-12.02
	-12.04
	-12.03

	
	VA120
	0
	-13.84
	-17.76
	-14.08
	-18.09

	
	
	3
	-12.07
	-15.37
	-12.09
	-15.66

	
	
	6
	-12.03
	-12.68
	-12.06
	-13.05

	
	
	9
	-12.01
	-12.09
	-12.03
	-12.09

	
	
	12
	-12.00
	-12.02
	-12.01
	-12.06


5
Conclusions

Based on the link analysis of F-DPCH, E-HICH and E-AGCH control channels in SHO area of UL/DL imbalance region of HetNet, we find that the reliable performance of control channels for E-DCH de-coupling can be achieved in most cases by imposing a fixed offset relative to a power controlled F-DPCH. Therefore, E-DCH de-coupling is a promising means for enhancing performance on the UL for UEs in soft handover between the Macro and LPN. Nevertheless, other important issues related to E-DCH de-coupling, such as processing delay, threshold for triggering de-coupling and overall performance gains need to be evaluated.
6
References

[1]  R1-132529, “Introducing E-DCH Decoupling in HetNet Deployments,” Nokia Siemens Networks
[2]  R1-133539, “Considerations for E-DCH Decoupling in UMTS HetNets,” ZTE

[3]  R1-133926, “TP on E-DCH Decoupling,” Nokia Siemens Networks
[4]  R1-133792, “Link Analysis of F-DPCH Performance in HetNets for Different CIOs,” Qualcomm Incorporated
[5]  R1-133673, “Link Analysis of E-HICH Performance in HetNets for Different CIOs,” Qualcomm Incorporated
