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1 Introduction

In the RAN1#61bis, Single Frequency Dual Cell HSDPA (SFDC-HSDPA) was proposed [1]. In Rel-8/9, the dual cell HSDPA (DC-HSDPA) and dual band DC-HSDPA were subsequently introduced which allow one NodeB to serve one or more users by simultaneous operation of HSDPA on two different frequency channels in the same sector.If the single carrier HSPA network is deployed, to exploit the usage of idle receive chain of the DC-HSDPA UE, independent transport blocks from two sectors are allowed to transmit to one UE in the same frequency. The sectors can be belonging to the same NodeB or different NodeBs which we call intra-NodeB and inter-NodeB SFDC-HSDPA.
In some other documents [2], we have discussed some aspects on DC-HSDPA operation in single frequency network. In this contribution, we will provide some system performance evaluation on this new scenario of multi-cell transmission.
2 Preliminary System Simulation
2.1 Simulation Scenarios

System performance evaluation of SFDC-HSDPA mainly consists of two basic concepts of simulation scenes. They are intra-NodeB case and inter-NodeB case. In both of these scenarios, only the UEs which are in the state of soft handover or softer handover can be served by two sites simultaneously. The two basic cases are shown in the following figures: 
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Figure 1: Intra-NodeB SFDC-HSDPA scenario
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Figure 2: Inter-NodeB SFDC-HSDPA scenario
As revealed from each of these cases, if one UE located in the softer or soft handover area, the UE can be configured to the state of SFDC. The UE at the state of SFDC contains two transmission links in its adjacent set. And both the links connect to two different sectors in the same NodeB or in different NodeBs on the same frequency. The UE can receive HSDPA data from both sectors simulataneously, while one is the primary serving sector / NodeB and the other is the secondary serving sector / NodeB which has the similar defination in DC-HSDPA specification. 
In our evaluation, we will mainly concern about two simulation scenes. One is intra-NodeB case, and the other one is intra-NodeB + inter-NodeB case. Intra-NodeB means that only the sectors which belong to the same NodeB can be chosen to serve the SFDC UE while the latter one allows any two sectors which belong to the same NodeB or belong to the different NodeBs to serve the SFDC UE. 
It is necessary to note that as to focus on the performance improvement of the edge UE of sectors/cells, we do not arrange the legacy UEs in our simulation. UEs are totally located in the softer or soft handover region which can be configured to the SFDC state. Assuredly, the effect of this technique to the legacy UEs should be learned in the future research.
2.2 Simulation Assumptions
The system simulation assumptions of SFDC-HSDPA are listed in Table 1.
Table 1: Simulation Assumptions
	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation: 1.0
Correlation Distance: 50m

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
	2D Pattern:
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	Channel Model
	SCM3

	Penetration loss
	10 dB

	CPICH Ec/Io
	-10 dB

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE Receiver Type
	LMMSE

	Maximum Sector

Transmit Power
	43 dBm 

	Traffic Model
	Bursty Traffic Source Model

File Size: Truncated Lognormal, 
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Inter-arrival time: Exponential, Mean = 5 seconds

	HS-DPCCH
	Practical modeling of ACK decoding on the UL;

CQI decoding : Ideal

	Number of UEs per sector
	1, 2, 4, 8

	UE Distribution
	Only at the soft handover area or only at the softer handover area

	Scheduling Model
	Proportional Fair Scheduler


2.3 Simulation Results

In order to focus on system performance, system average throughput for UE is considered as the main metric of the performance evaluation. As the bursty traffic source model is used as the traffic model, the data rate in our statistics is the burst rate (BR) and the statistical method should be specified for this kind of model. The received data devided by the data transmission time which excludes the idle time in the whole simulation equals the final average UE burst data in bursty traffic model. The simulation results are illustrated as following.
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Figure 3: UE average throughput at soft handover area
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Figure 4: UE average throughput at softer handover area
Table 2: SCM 3 Average UE throughput gain of intra-NodeB and intra+inter-NodeB over baseline at soft area

	Algorithm
	UE number per Sector

	Gain(%)
	1
	2
	4
	8

	Intra-NodeB
	3.37
	0.60
	0.13
	0.07

	Intra+Inter-NodeB
	29.86
	26.68
	23.15
	18.79


Table 3: SCM 3 Average UE throughput gain of intra-NodeB and intra+inter-NodeB over baseline at softer area

	Algorithm
	UE number per Sector

	Gain(%)
	1
	2
	4
	8

	Intra-NodeB
	28.89
	35.72
	43.07
	18.76

	Intra+Inter-NodeB
	29.57
	37.00
	38.77
	17.49


In Figure 3, average UE throughput at soft handover area is revealed. Through the observation, only the gain of the intra-NodeB + inter-NodeB case is obvious and the intra-NodeB case does not have the apparent performance gain. The reason for this phenomenon is clear. When UE locates at the soft handover area, namely the edge of cells, it has a greater of probability of picking up the inter-NodeB to serve itself because of the lower transmission loss from the inter-NodeB compared to the intra-NodeB. If the constrain that only intra-NodeB can be used is added, UE will be not capable of choosing an appropriate NodeB to complete SFDC operation. Table 2 shows the throughput gain of intra-NodeB and intra+inter-NodeB over baseline at soft area in percentage. From the data we can see the intra+inter-NodeB gain for SCM 3 in average UE throughput ranges from 18% to 29%. While the intra -NodeB gain for SCM 3 is only closed to the baseline.
In Figure 4, average UE throughput at softer handover area is revealed. Through the observation, the gain of both intra-NodeB and intra-NodeB + inter-NodeB cases are apparent and almost the same. That`s because when UE locates at the softer handover area, namely the edge of sectors, it is likely to select the intra-NodeB to serve itself. In this condition, the performance will remain the identical level even limiting the right to choose the inter-NodeB. Table 3 shows the throughput gain of intra-NodeB and intra+inter-NodeB over baseline at softer area in percentage. From the data we can see the intra+inter-NodeB gain for SCM 3 in average UE throughput ranges from 17% to 38%. And the intra -NodeB gain for SCM 3 only ranges from 18% to 43% which is closed to the intra+inter-NodeB.
3 Conclusions
In this contribution, we have reviewed the basic concept of SFDC-HSDPA and provided some system performance evaluation on this new scenario of multi-cell transmission. The conclusions deriving from the evaluation results are that SFDC-HSDPA can gather the gain of throughput at both the soft and softer handover area. Additionally, the intra-NodeB + inter-NodeB scenario has the much stable performance than the intra-NodeB scenario at the universal simulation environment. 
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