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Discussion
1. Introduction
In TSG RAN #57, the SI for UMTS Heterogeneous Network has been approved [1]. This paper discusses initial simulation results and gives some observations on Hetnet deployment.
2. Simulation Parameters
Detailed simulation assumptions are given in [2] and are used as basis for the results in this contribution. Table 1 lists only some specific parameters that are important for the simulations hereafter.
Table 1
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	Downlink:16 UEs / Uplink: 4 UEs

	Traffic Model
	Full buffer

	The deployment of small cells
	Co-channel with Macro cells

	Maximum Tx Power of small cells
	37dBm, 30dBm

	Number of Small cells in a Macro cell
	2, 4


3. Simulation Results for Random Deployment 
In this section, the simulations for random deployment are addressed. We focus on the case where small cells are randomly and uniformly placed in a macro cell. The UE is randomly and uniformly placed within the macro cell area and then the UE selects the serving cell by Ec/N0 in downlink CPICH. The objective of these simulations is to evaluate the gains in system throughput from the addition of small cells. 
The gains are given in throughput increase as a percentage of the baseline throughput. The baseline is the result for the case where no small cells are present in the macro cell and the UE is randomly and uniformly placed within the macro cell. 
In a macro cell where some small cells are deployed, the system throughput includes two parts. One is the throughput of the macro cell itself, and the other is the total throughput of the small cells in the macro cell. The cell edge throughput is 5%-tile point of the UE throughput CDF.
3.1 Downlink performance gain 
In the simulations, there are respective 2/4 small cells randomly and uniformly placed in a macro cell.  Figure.1 shows the system throughput gain. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in system throughput. 
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Figure1 DL System throughput gains for random deployment 
From Figure.1 we can observe that the system gain increases by putting more small cells. There are 289% system throughput gains when 4 small cells with 37dbm are deployed per macro cell. On the other hand, the gain of system throughput is increased along with increasing the Tx Power of small cells. In this case, the small cells can substantially increase system downlink capacity. 
Figure 2 shows the cell edge throughput gains. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in the cell edge throughput. 
[image: image2.png]160%

"
140% 136%

120% 112% T05% 111

100%

80% m37dBm

60% m30dBm

40%

20%

0% T 1





Figure2 DL Cell edge throughput gains for random deployment 
From the Figure.2 we can see there are 136% cell edge throughput gains where 4 small cells with 37dbm per macro cell. The cell edge throughput gain increases after putting more small cells. This is mainly due to the fact that there are more UEs served by small cell. However we noticed that the gain of the cell edge throughput is far less than the system throughput gain.

3.2 Uplink performance gain 
In these simulations, there are respective 2/4 small cells randomly and uniformly placed in a macro cell. Figure.3 shows the uplink system throughput gains. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in the uplink system throughput. 
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Figure3 UL System Throughput Gains for Random Deployment 
From Figure 3 more than 4-fold gains can be achieved form adding 4 small cells with 37dBm. The system gain increases by putting more small cells. On the other hand, the gain of system throughput is increased along with increasing the Tx Power of small cell. In this case, the small cells can substantially increase the system uplink capacity.
The Figure 4 shows the cell edge throughput gains. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in the uplink edge throughput.
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Figure 4 UL Cell Edge throughput Gains for Random Deployment 

From Figure 4, we observe that the uplink edge throughput gain is very limited and even negative. This might be due to the UEs served by small cell, which may be assigned a large serving grant and create more interference for the surrounding macro UEs.

Observation 1: In random deployment, the uplink and downlink system capacity can substantially be increased by adding small cells to macro cell deployment. 
4. Simulation Results for Hotspot Deployment 
In this section, the simulations for hotspot deployment are addressed. We focus on the case where 2/4 small cells are randomly and uniformly placed in a macro cell and the UE is placed in hotspot. There are two types for hotspot deployment. 

· Type1: 50% UE placed around small cells (60m circle for 37 dBm /35m circle for 30 dBm).
· Type 2: 75% UE placed around small cells (60m circle for 37 dBm /35m circle for 30 dBm ).
The hotspot deployment was addressed in [2]. The UE selects the serving cell by EC/N0 in downlink CPICH. The objective of this simulation is to evaluate the gains in system throughput from the addition of small cells. 
The gains are given in throughput increase as a percentage of the baseline throughput. The baseline is the result for the case where no small cells are present in the macro cell and the UE is randomly and uniformly placed within this macro cell. 
4.1 Downlink performance gain
In the simulations, there are respective 2/4 small cells randomly and uniformly placed in a macro cell.

Figure.5 and Figure.6 show the system throughput gains. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in the system throughput. 
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 Figure5 DL System Throughput Gains for Hotspot deployment (Type1)
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 Figure6 DL System Throughput Gains for Hotspot deployment (Type2)

From Figure.5 and Figure.6 we can see more system gain can be achieved by hotspot deployment comparing with random deployment. This is mainly because more UEs are served by the small cells. There are respectively 343% and 370% system throughput gains when 4 small cells with 37dbm cells are deployed per macro cell. 
Figure.7 and Figure.8 show the cell edge throughput gains. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in the edge throughput. 
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Figure7 DL Cell edge throughput gains for Hotspot deployment (Type 1)
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Figure8 DL Cell edge throughput gains for Hotspot deployment (Type 2)
From Figure.7 and Figure.8, we can see that the edge gain is much smaller than the system throughput gain. There are respectively 159% and 162% edge throughput gains when 4 small cell with 37dBm cells are deployed per macro cell. 

4.2 Uplink performance gain
In these simulations, there are respective 2/4 small cells randomly and uniformly placed in a macro cell. 
Figure.9 and Figure.10 show the system throughput gain. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the gains in the system throughput. 
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Figure9 UL System Throughput Gains for Hotspot deployment (type1)
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Figure10 UL System Throughput Gains for Hotspot deployment (type2)
From Figure.9 and Figure.10 we can see there are respectively 551% and 605% system throughput gains when 4 small cells with 37dbm are deployed per macro cell. The uplink system gains in hotspot deployment are higher than those in random deployment. A larger system gain can be achieved by increasing the number of UEs in the hotspot area. The system gain benefits from more UEs accessing small cells.
Figure.11 and Figure.12 show the edge throughput gains for small cells. The X-axis indicates the number of small cells deployed per macro cell, and the Y-axis indicates the throughput gains for cell edge UEs.  
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Figure11 UL Cell edge throughput gains for Hotspot deployment (type1)
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 Figure12 UL Cell edge throughput gains for Hotspot deployment (type2)
From Figure.11 and Figure.12 we can see there are respectively 125% and 143% edge throughput gains when 4 small cells with 30dbm cells are deployed per macro cell. 

We do not see the cell edge throughput gain increased significantly for hotspot deployment. One possible explanation is that introducing the small cell will change the SINR distribution of the UEs and introduce SHO gains for some UEs, especially for macro UEs. Also, the small cell UEs might create interference to the macro UEs because they might be transmitting at high power. 
Observation 2: In hotspots deployment, the system uplink and downlink capacity can substantially be increased by adding small cells to macro cell deployment.

5. Conclusion
Based on the above analysis, it can be concluded as below:

1. Deploying small cells in the macro cell coverage area can substantially increase the system capacity both in downlink and uplink.
2. A larger system gain can be achieved in hotspot deployment than in random deployment.
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