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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. Deployment of low-power nodes (LPNs) is seen as a powerful tool to meet the ever-increasing demand for mobile broadband services. A LPN may correspond, for example, to a remote radio unit (RRU), pico, or micro base station, allowing expanding the network capacity in a cost-efficient way. A network consisting of traditional macro NodeBs and LPNs is referred to as a heterogeneous network. Two examples of use-cases for heterogeneous network deployment that may be envisioned are coverage holes and capacity enhancement for localized traffic hotspots. One objective with the SI is to “Investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques”.  

The robustness of downlink control channels was discussed during RAN1#72bis and it was concluded that there is an impact on downlink control channels in heterogeneous networks. It was agreed to analyse the impact via link simulations. During RAN1#73 and subsequent email discussion, link simulation assumptions were agreed for analysing the impact on downlink control channel. We would like to mention that with the current set of agreed simulation assumptions calibration of results is not possible. For example, power controlling of downlink control channels is not straight forward and the offset as recommended in the simulation assumptions is arbitrary. 

In this contribution, we show the the robustness of downlink control channels in heterogeneous networks for a wide range of values so that calibration with other companies is possible. In addition to link level results, we evaluate the percentage of gains achieved with co-channel deployment.
2 Simulation Model

We evaluate the performance of downlink control channel (HS-SCCH) by link level simulations for PedA channel.  No power control is assumed.  Simulation model as described in [2] is used. RAKE receiver is used for our analysis. Figure 1 shows the message error probability as a function of Ec/Ior in dB when Ioc = 0 dB and Ior/No = 0 dB. (The noise power spectral density, No, is assumed 0 dB for the below discussion.) This is the typical case at cell boundaries. We also plotted the performance with Ioc = -100 dB, that is without any interference. It can be observed that 3 dB of additional power is needed to maintain the same message error probability of 1% with Ioc = 0 dB as compared to that of no interference.
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Figure 1 Impact of HS-SCCH channel performance with the interference power at Ior/No = 0 dB , with Ioc = 0 dB
Figure 2 shows the message error probability as a function of Ec/Ior in dB when Ioc = 0 dB and Ior/No = 5 dB. We also plotted the performance with Ioc = -100 dB, that is without any interference. In this case 6 dB of additional power is needed to maintain the same message error probability of 1% with Ioc = 0 dB as compared to that of no interference. That is the impact of downlink control channel is severe as we increase the geometry. 
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Figure 2 Impact of HS-SCCH channel performance with the Interference power at Ior/No =  5 dB, with 

Ioc = 0 dB
Figures 3 and 4 shows the Ec/Ior in dB with Ioc =  -5 dB  when Ior/No = 0 dB and 5 dB respectively. In this case the impact is minimal as the interference power is less.
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Figure 3 Impact of HS-SCCH channel performance with the Interference power at Ior/No = 0 dB , with
 Ioc = -5  dB
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Figure 4 Impact of HS-SCCH channel performance with the Interference power at Ior/No = 5 dB, with 
Ioc = -5 dB
The impact on HS-SCCH link performance is tabulated in Table 1 for PedA channel. It can be observed that performance is worse and there might be instances for example when the user geometry (Ior/No) is high and there is an interfere with Ioc = 0 dB. In these cases, we might need to increase Ec/Ior by 10 dB to maintain the message error probability of 1%.
Table 1 HS-SCCH performance for PedA channel

	Ec/Ior  required for achieving  1% message error probability 



	User geometry (Ior/No) in dB
	Ioc = -100 dB

(Macro only )
	  Co-channel deployment

	
	
	Ioc = 0 dB
	Ioc = -5 dB

	0

	-15.1 dB
	-12 dB
	-15 dB

	5
	-19.6 dB
	-13.4 dB
	-19.4 dB

	10
	-22.9 dB
	-13.7 dB
	-22.3 dB

	15
	-24.3 dB
	-13.9 dB
	-23.6 dB

	20
	-24.9 dB
	-13.95 dB
	-24.1 dB


3 System Simulation Model

In the above section, we observed that Node B needs to allocate additional power to maintain the HS-SCCH message error probability of 1%. Due to this power allocated for downlink control channel the power allocated for HS-PDSCH decreases. Hence the gains in Heterogeneous networks will decrease. We evaluate the impact due to additional power overhead via system simulations. The system simulation assumptions are tabulated in Appendix.
Table 2 shows the reduction in co-channel deployment gains due to additional pilot overhead. It can be observed that gains are reducing by approximately 20% due to this additional power.
Table 2 System level gain in co-channel deployment

	Throughput  Metric
	% of gain with Ideal HS-SCCH reception
	% of gain with additional power overhead for HS-SCCH reception

	Average Sector Throughput


	213
	191

	Average User Throughput
	212
	190.5


4 Conclusions

In this contribution, we discuss the performance of downlink control channel in co-channel deployment scenarios. 
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Appendix

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Inter-site distance
	500 m


	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):                                                     
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            = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm
LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	CIO
	0 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for HS-PDSCH is 70% of Node B Tx power

HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	20%, 30%

	UE Receiver
	Type 3 

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB 
R1b (reporting range constant) = 4.5 dB 

	Max active set size
	3

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	RoT
	Macro cell: 6dB
LPN: 6dB

	Traffic model
	Full buffer 

	Total number of users
	16

	User dropping criteria
	random with uniform distribution and hot spot

	Number of LPNs
	1, 2, 4

	LPN drop criteria
	Random with uniform distribution

	Network Configuration
	SIMO


� EMBED Equation.3  ���
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