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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPN) as a complement to a macro network aims at improving capacity and coverage. In [2], we list some of the deployment scenarios we need to study as part of the study item. One important deployment scenario is when each LPN creates a separate cell within a macro network. We refer to this as co-channel deployment.  Another deployment scenario which is attractive in terms of qualitative aspects is the combined cell deployment where the LPN is part of the macro cell thereby avoiding frequent handovers, additional cell planning etc. An overview of combined cell deployment is given in [3]. 

It was shown in [4] that the interference structure due to the addition of nodes in both co-channel and combined cell has the same effect.  Hence with combined cell too we can get the same gains as that of co-channel deployment, for example, load balancing, range expansion, etc.  In RAN1#72bis, we have shown the performance of combined cell with system simulations for full buffer traffic. It was argued that even though the pilot interference from the LPN is less in combined cell as compared to co-channel there is slight degradation in the combined cell performance due to the additional pilot overhead. 

During RAN1#72bis and RAN1#73, few questions were raised about the performance of legacy UEs in a combined cell deployment. In this contribution, we investigate the performance of legacy UE in combined cell with system simulations for full buffer traffic.
2 Single Frequency Network (SFN) and the Impact of Time Delay Between Nodes on Legacy UE Performance
In SFN mode, multiple nodes (e.g. macro and LPNs) transmit the same data to a specific UE. Hence, the signal to noise ratio of the UE can be improved. The main idea of this mode is to combine signals over the air from all nodes by means of transmitting exactly the same pilot, control channels and data channel in downlink using the same carrier frequency and spreading and scrambling codes. One drawback with SFN mode is the increased delay spread due to propagation delay between two nodes. Figure 1 shows the impact on multipath channel where the combined channel impulse response (CIR) becomes longer due to different propagation delay between two nodes.  It is quite natural to assume that due to these longer delay spreads, the legacy UE performance will be impacted.   
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Figure 1 Figure showing the longer delay spread due to different propagation delay in SFN mode
3 System Simulation Model 
In the simulations, a full buffer traffic model is assumed. The baseline case is taken without any deployment of LPN. Note that type 3 receiver is assumed. Cell individual offset of 0 dB is assumed.  We model the channel response based on the propagation delay between nodes. 
The table below lists the other parameters used in the system simulations.
Table 1: System level simulation parameters.

	Parameters
	Values and comments

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

	Inter-site distance
	500 m
1000m

	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):                                                     

                                                                              
            = 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

	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
	3 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

	Number of LPNs
	 4

	LPN drop criteria
	Random with uniform distribution

	Network Configuration
	SIMO 


4 Simulation Results without Propagation Delay and Additional Power Overhead in SFN Mode 

Figure 2 shows the average sector throughput vs. number of users per macro node without propagation delay and no additional pilot overhead.  It can be observed that the performance is improved at all loads. This is due to the signal to noise ratio is increased with the addition of low power nodes. 
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Figure 2 Average sector throughput vs. number of users per each macro node. Note that the number of  LPNs per each macro cell is equal to 4.

Figure 3 shows the percentage of gain with respect to the case when no LPN was deployed when we change the power of each LPN.  Note that the gains decrease as we decrease the power of each LPN as the SINR of the SFN channel is reduced when we reduce the power of each LPN. 
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Figure 3 Percentage of gain in average sector throughput as a function of LPN power. Note that the number of  LPNs per each macro cell is equal to 4.

5 Simulation Results with Propagation Delay and Additional Power Overhead in SFN Mode 
In simulations we assume 4 LPNs with 37 dBm power and propagation delay is modelled between nodes, hence the channel impulse response becomes longer.  In addition we modelled the additional pilot overhead due to probing and demodulation pilots (which are needed for spatial reuse mode in combined cell). Table 1 shows the percentage of loss compared to the macro only case with ISD of 500 m. It can be observed that the legacy UEs which are serving in SFN mode may not get benefit while at the same time the percentage of loss is very minimal. A loss of 5.7% is observed at the cell edge, while a loss of 2.38% is observed in mean user throughput. 
Table 2 Percentage of loss with additional pilot overhead and propagation delay with ISD of 500 m
	Throughput  Metric
	Homogeneous

Network in Mbps
	   SFN mode with ISD = 500 m 

	
	
	Value in Mbps
	%loss

	Average Sector Throughput


	6.6
	6.55
	0.76

	Average User Throughput
	0.42
	0.41
	2.38

	Average cell edge user Throughput
	0.07
	0.066
	5.71

	Median user Throughput
	0.38
	0.37
	2.63


For better understanding of these losses, we increased the ISD to 1000m, thereby increasing the multipath delay spread.  Table 3 shows the percentage of loss is very minimal for average user and average sector throughput. The losses are more compared to the case of ISD equal to 500m.  One interesting thing we observed is the percentage of loss in cell edge is around 28.6% with ISD of 1000m.
Table 3 Percentage of loss with additional pilot overhead and propagation delay with ISD of 1000 m
	Throughput  Metric
	Homogeneous

Network in Mbps
	   SFN mode with ISD = 500 m 

	
	
	Value in Mbps
	%Gain

	Average Sector Throughput


	6.8
	6.47
	4.85

	Average User Throughput
	0.43
	0.41
	4.65

	Average cell edge user Throughput
	0.07
	0.05
	28.57

	Median user Throughput
	0.39
	0.37
	5.12


6 Summary and conclusions
In this contribution, we investigate the performance of legacy UE  in combined cell with system simulations. First we show the performance of legacy UE without any imperfections, where it was shown that legacy UE performance can be improved due to the addition of LPN. With the modelling of propagation delay and additional pilot overhead, the losses are very minimal with the ISD of 500m.
Observation I: With the introduction of pilot overhead power and propagation delay between the nodes, there is minimal impact on the legacy UE performance.
7 References

[1]
RP-121436, “Proposed SID: Study on UMTS Heterogeneous Networks”, Huawei,  HiSilicon, Qualcomm Incorporated, Ericsson, ST-Ericsson, Telecom Italia, Teliasonera, Orange, Telefonica, Nokia Siemens Networks.

[2]  
R1-124513, “Heterogeneous Network Deployment Scenarios”, Ericsson, ST-Ericsson.

[3]  
R1-130610 “Overview of Combined Cell Deployment in Heterogeneous Networks”, Ericsson, ST-Ericsson

[4] 
R1-130612, “Downlink Interference Analysis for Heterogeneous Networks Interference Analysis in Heterogeneous Networks”, Ericsson, ST-Ericsson. 

0











(MACRO





combined CIR





MACRO





LPN





� EMBED Equation.3  ���





� EMBED Equation.3  ���








_1269167373.unknown

_1263286178.unknown

