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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 and RAN1#71, 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. The performance of combined cell deployment is less known, even though a few contributions discussed on the design aspects and preliminary simulation results in combine cell deployment [2], [3].  
As mentioned in [4], 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. It is well known that the attenuation due to shadowing in wireless communication is often modelled by the lognormal distribution. The log-normal distributions cause the changes in cell shapes, thereby increasing the number of handovers. In this contribution, we show mathematically and by coverage map analysis that shadow fading effects are nullified in combined deployment. 
2 Heterogeneous Deployment Scenarios 
We envision that the deployment scenarios for a UMTS network will be similar to those for a LTE network. For operators running both UMTS and LTE networks, a unified deployment strategy will likely be employed. In [5], two heterogeneous network deployment scenarios were defined as special cases of coordinated multiple point (CoMP) transmission for a LTE network. Thus like the LTE study item, we divide the heterogeneous deployments into two scenarios:
1. Co-Channel Deployment: In co-channel deployment, the low power nodes are deployed within the macro-cell coverage region, where the transmission/reception points created by the low power nodes have different cell IDs (different primary scrambling codes) as the macro cell. See Figure 1.  As shown in Figure 1, cells A, B and C have different primary scrambling codes, hence the same legacy procedure of cell selection etc. applies for each cell and is controlled by RNC.
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Figure 1: Low power nodes (LPNs) have different cell ids than that of the macro node in a co-channel deployment
2. Combined Cell Deployment: In a combined cell deployment, the low power nodes are deployed within the macro-cell coverage area, where the transmission/reception points created by the low power nodes have the same cell IDs (same primary scrambling codes) as compared to the macro cell; see Figure 2. This deployment may also be referred to as soft or shared cell. As shown in Figure 2, each node belongs to the same cell and these nodes assist the macro node.

[image: image2]
Figure 2: A combined cell deployment, where LPNs are part of the macro cell, i.e. macro and LPNs have the same cell id. 
While each of the deployment scenarios has benefits and challenges associated with the deployment, in this contribution, we focus on the combined cell deployment.  
3 Shadow Fading In Combined Cell Deployments
In this section, we explain how the shadow fading effect is averaged out by deploying LPN in combined cell deployment.  Let Np denotes the number of nodes in a combined cell, including the macro node and low power nodes. The received power (averaged over fast fading realizations) due to a single node is given by
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Where Pt is the transmitted power, Gt and Gr are the transmit and receive antenna gains, λ is the wavelength, d is the distance from the Node to the UE and the variable ζ  is  random variable which accounts for the  shadow fading.  In cellular communication, it is common to model ζ as  a log-normal random variable. 

In a combined cell deployment as explained in above section, the UE receives pilot (P-CPICH) signal from all the nodes.   Hence the received power can be written as 
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where the summation is taken over all the Np nodes within a combined cell. We can write the above equation as weighted sum of log normal random variables.
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The weights are the free space received powers from each node. Hence the received power is a summation of weighted sum of log normal random variables.  However, it was shown in [5], the sum of log-normal random variables can be approximated as lognormal random variable with mean and variance as given in [5]. 
Note that in cellular communications, handover between two cells are influenced by shadow fading. Let D = Pra -   Prb where Pra is the received power due to cell (combined) a and Prb is the received power due to cell (combined) b. 
We observe that 
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where Pnra  is the received power without shadow fading from cell a and Pnrb   is the received power without shadow fading from cell b. 
4 Coverage map in Combined Cell Deployments
Figure 3 shows the coverage map of macro only network without shadow fading, and Figure 4 shows the coverage map with shadow fading. It can be seen that due to shadow fading the cell edges are changed in the macro-only case. 

[image: image7.png]Macron only

300-

400 500





Figure 3 Coverage map of macro only network without shadow fading
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Figure 4 Coverage map of macro only network with shadow fading
Figures 5 and 6 show the coverage map of combined cell deployment with 4 LPNs without and with shadow fading respectively. It can be seen that the cell shapes are almost preserved with shadow fading in combined cell deployment. This reduces the number of handovers in combined cell deployment with shadow fading compared to that of macro only network.
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Figure 5 Coverage map of combined cell with 4 LPNs without shadow fading
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Figure 6 Coverage map of combined cell with 4 LPNs with shadow fading
Observation: Shadow fading effects are nullified in combined cell deployment. 
5.  Conclusions
It is well known that the attenuation due to shadowing in wireless communication is often modelled by the lognormal distribution. The log-normal distributions cause the changes in cell shapes, thereby increasing the number of handovers. In this contribution, we show mathematically and by coverage map analysis that shadow fading effects are nullified in combined deployment. 
Observation: Shadow fading effects are nullified in combined cell deployment. 
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