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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 this contribution, we provide the content on sailent features of combined cell deployments for the section 7.3.7 in the proposed HetNet TR Skeleton [2]. 

2. Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.3.7
Sailent features 
This section describes some of the sailent features of combined cell deployment. Note that these features are unique to the combined cell deployment. 
7.3.7.1
 Orthogonal Code Assignment

Figure xx shows the application of orthogonal code assignment in combined cell. 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, coordinated scheduling is possible.
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For example, assume that the macro node can serve only 5 codes (codes 1 to 5), 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.  
7.3.7.2
 The benefits of orthogonal code assignment via link simulations
Figure xb shows the UE placement in a cell, where both a macro NodeB and a LPN is present.
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Figure xb Simulation scenario considered for link analysis.

Table xx shows the received powers at each UE location.

Table xx: 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, it is assumed that 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 xx.
Table xa 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 xa 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 xc shows the link throughput for UEs connected to macro node with co-channel deployment and with combined cell deployment. In this case, it can be observed that orthogonal code assignment for combined cell is beneficial compared to co-channel deployment.

Table xc 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


7.3.7.2 Number of Handovers

It is well known that the number of handovers depends on the shadow fading. Since in a combined cell deployment, all the nodes transmit the same pilot signal the shadow fading effect is minimzed. This reduces the number of handovers compared to macro only case. 
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusion

It is proposed to agree to and capture the text proposal on system performance of combined cell deployments as presented in this document to the UMTS Heterogeneous Networks TR [2].
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Figure xx Illustration of orthogonal code assignment in combined cell
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