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1 Introduction
A study item on heterogeneous networks was started during RAN#56 [1] to improve the coverage and capacity in UMTS. Heterogeneous networks consist of deployments where low power nodes (LPN) are placed throughout a macro-cell layout. In RAN1#70bis, RAN1#71 and RAN1#72, several contributions were presented describing various heterogeneous deployment scenarios. Heterogeneous deployment scenarios can be divided into two types namely co-channel deployment and combined cell deployment. 
There are many contributions discussing the system and link simulation results and the problems associated in co-channel deployment scenarios, where it was shown that significant gains in system throughout can be achieved with co-channel deployment without any modifications in the existing 3GPP standard. In [2], we presented an overview paper on combined cell where we introduced different transmission modes and compared to the co-channel deployment. As mentioned in [2], in addition to co-channel deployment, we view combined cell as an important deployment scenario for achieving significant gains in coverage and capacity in UMTS networks. 
In [5], we analysed the application of features which are unique to combined cell deployment. It was shown through link simulations that orthogonal code assignment which is unique to combined cell deployment can provide performance improvement in bit error rate. In this contribution, we present our results with link adaptation, where it was shown that significant gains can be obtained with combined cell.
2 Orthogonal Code Assignment

Figure 1 shows the application of orthogonal code assignment. Assume that Macro node is serving UE1, and the LPN is Serving UE2, without any co-ordination between the nodes, it is expected that in spatial reuse mode, the macro node power causes interference to the UEs served by LPN. Since in a combined cell, the central node decides which node should transmit to the UE, and thus coordinated scheduling is possible.
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For example assume that the macro node can serve only 5 codes (codes 1 to5), while the LPN can serve remaining codes (codes 6 to 15) and vice versa. This is particularly attractive for example if the UE is capable of receiving data with fewer codes, or requires fewer amounts of data.  

3 Simulation Methodology

We analyse the benefits of orthogonal code assignment via link simulations. Similar to [4], we changed the UE locations from L1 to L12. Figure 2 shows the UE placement. 
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Figure 2 Simulation scenario considered for link analysis [4].
Table 1 shows the received powers which was tabulated in [4].
Table 1: Received signal powers at each UE location

	UE Location
	LPN Ior / Ioc [dB]
	Macro Ior / Ioc [dB]
	Macro2 Ior/Ioc [dB]

	L1
	5.2774
	18.555
	0.92192

	L2
	8.3307
	18.003
	0.66949

	L3
	12.144
	17.59
	1.1988

	L4
	16.951
	17.167
	1.6937

	L5
	23.603
	16.737
	2.1588

	L6
	34.812
	16.302
	2.5979

	L7
	-12.658
	24.273
	4.2725

	L8
	-10.256
	15.356
	1.9603

	L9
	-20.806
	6.9397
	4.8632

	L10
	-18.964
	15.547
	2.6975

	L11
	-20.781
	10.415
	7.7891

	L12
	-28.111
	3.8369
	10.577


Where the UE1 takes positions L7-L12 and UE2 takes position from L1-L6.   For orthogonal code assignment, we assume codes 1-5 are used by macro node, codes 6-10 are used by LPN, and codes 11-15 are used by another interfering macro node whose received power is according to values specified in the 4th column in table 1.
Remaining simulation assumptions are shown in Appendix.
4 Link Throughput – LPN Served UEs
Table 2 shows the link throughput for UEs which are connected to the LPN. Assume that Macro node is serving UE1, and the LPN is Serving UE2, without any co-ordination between the nodes, it is expected that in spatial reuse mode, the macro node power causes interference to the UEs served by LPN. 

Table 2 Comparison of link throughput for UE2

	UE2

Location
	Co-channel deployment  in
Mbps
	Combined cell deployment in Mbps
	% of gain

	L1
	1.93
	3.51 
	          82.9

	L2
	2.74
	4.52 
	          64.8

	L3
	3.82
	5.73 
	50.2

	L4
	5.24
	6.73 
	28.4

	L5
	6.6
	7.13 
	8.0

	L6
	7.18
	7.20 
	0.2


It can be observed that the combined cell benefits from orthogonal code assignment as the interference is reduced. Table 3 shows the link throughput for UEs connected to macro node with co-channel deployment and with combined cell deployment. In this case too we observe that orthogonal code assignment for combined cell is beneficial compared to co-channel deployment.

Table 3  Comparison of link throughput for UE1

	UE1 Location
	Co-channel deployment  in

Mbps
	Combined cell deployment in Mbps
	% of gain

	L7
	7.15
	7.18 
	0.4

	L8
	6.32
	6.75 
	6.9

	L9
	3.52
	4.31 
	22.4

	L10
	6.37
	6.78 
	6.4

	L11
	4.51
	5.48 
	21.3

	L12
	2.36
	3.23 
	           36.7


Proposal 1:  Orthogonal code assignment is beneficial in combined cell deployments

4.  Conclusions
In this contribution, we presented the link simulation results for orthogonal code assignment in combined cell deployment. It was observed that significant gains can be obtained with this method. Note these feature is unique to combined cell and not possible with co-channel deployment.  We recommend the RAN1 working group to capture this salient features in the technical report. Hence we summarise our proposal:
Proposal 1:  Orthogonal code assignment is beneficial in combined cell deployments
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6 Appendix

Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-100dB
	

	S-CPICH2 Ec/Ior
	-100dB
	

	S-CPICH3 Ec/Ior
	-100dB
	

	Demodulation-CPICH Ec/Ior
	As needed (-100 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
	As outlined in section 3
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	                    5
	

	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
	               Realistic
	

	Noise Estimation
	             Realistic
	

	UE Receiver Type
	Type3i
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
	

	   Interference Modeling
	As outlined in Section 3
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