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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. In RAN1#70bis, few contributions with initial system level simulation results were presented [3], [4].  It was shown that significant gains can be achieved for average sector throughput by deploying LPN in addition to the macro network. Intuitively, these high gains are expected in heterogeneous networks due to load balancing between macro node and LPN. One aspect which needs attention is with the addition of LPN, what will be the impact on legacy UE. 
In our view combined cell deployment where each LPN has the same scrambling code as that of macro node is also an important deployment scenario for heterogeneous networks in addition to co-channel deployment.  In this contribution, we investigate the performance of combined cell with link simulations. Note that even there are many variants of combined cell, we show the initial performance when combined cell operates in a beamforming mode. Simulation results suggest that significant gains can be achieved at low SNR when the UE is operating in beamforming mode in a combined cell deployment.
2 System Model 
Let’s consider the case a UE is served by a Macro node and a LPN for simplicity. The received signal can be written as 
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Where 
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is the channel between macro node and the UE,  
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 is the channel between the LPN and the UE, Pa and Pb are the transmitted power levels from the two nodes. Note that the transmission power accounts for all control channels, traffic channels and the other overhead.  The transmitted signals are
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 from the two nodes, and n is the additive white Gaussian noise which includes both the thermal noise and the other cell interference.   Then in the beamforming mode
· If the UE is configured in beamforming mode then 
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· If the UE is configured in multiplexing mode then 
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In this contribution, we analyze the performance when the UE is configured in beamforming mode. Since the same signal is transmitted from both nodes, we can observe that in beamforming mode, we can get the SNR gain which will help at low geometries.
3 Simulation Model

We evaluate the performance by link level simulations. 1x2 SIMO configuration is considered with link adaptation, where the modulation, coding rate and the transport block size are dynamically updated for each TTI.  In our simulations we assume perfect channel estimation. For link adaptation, UE chooses the modulation MCS based on maximization of Shannon capacity. The feedback is assumed to have 3 TTI delays and is assumed to be error free. Simulations are run for a UE with different Ior/No and the wireless channel assumed is Pedestrian A channel. The velocity of the mobile is assumed to be 3 Kmph.  The main simulation parameters are tabulated in Table 1. 
Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-13dB
	

	S-CPICH2 Ec/Ior
	-19dB
	

	S-CPICH3 Ec/Ior
	-19dB
	

	Demodulation-CPICH Ec/Ior
	As needed (-13 dB)
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling

	Number of Transport Blocks
	1
	

	HSDPA Scheduling Algorithm
	CQI based
	

	Geometry
	[0 5 10 15 20 ]dB
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	15
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	1
	

	HARQ Combining
	Chase Combining, 
	

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16QAM 

{6,2,1,5} for 64QAM
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Max- Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Precoding weight vector determination
	NA
	

	Quantization of Precoding vector
	NA
	

	PCI/CQI Feedback delay
	12 slots
	

	Precoding Feedback error rate
	0%
	

	Precoder update rate
	NA
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	             Ideal
	

	Noise Estimation
	             Ideal
	

	UE Receiver Type
	Type3 
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
	

	   Interference Modeling
	As outlined in Section 2
	


4 Link Level Results
Figure 1 shows the link level performance with and without LPN. Note that for this simulation we have chosen Pa= Pb when LPN is enabled.. It can be observed that with beam forming mode, we can get significant gains at low to medium geometries, while at high geometries the gain saturates.
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Figure 1 Link level performance with combined cell
5 Summary and Conclusions
In this contribution, we have shown the link performance in combined cell deployment.  It is observed that when the UE is operating in beamforming mode, significant gains can be achieved with combined cell deployment in low to medium geometries.  With MIMO configuration on both nodes, we expect beamforming mode will perform better. This motivates us to further study the combined cell scenarios.
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