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1
Introduction

“Combined Cell” as introduced in [1], employs the same PSC for both the macro-cell and the low power node (LPN). The usual assumption is for the macro-cell and the LPN to be in different locations and at least 75m away from each other [2]. In this contribution, we propose “co-located combined cell”. Distributed deployment of combined cells requires new cell sites; whereas co-located combined cells will use the same tower as the original macro-cell. Our proposal is to use directional antennas to create non-interfering sections (sub-cells) in one cell. All new sub-cells use the same cell identifier, and hence the legacy UE is blind to the fact that co-located combined cell is deployed. Whether a combined-cell enabled UE is served in Single-Frequency Network (SFN) or Spatial Reuse (SR) mode is decided based on the CQI reports on P-CPICH and two D-PICH signals from sub-cells.
In this contribution, we look at the performance of co-located combined cells and show that the proposed co-located combined cell results in considerable throughput gain for enabled UEs. 
2
Co-Located Combined Cells
Directional antennas are employed to enable co-located combined cells. In the general co-located combined cell scenario, N directional antennas each covering 
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 are deployed at each cell with coverage angle of
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. Figure 1 depicts the proposed deployment for N=2. In Figure 1, the antenna patterns for the baseline macro-cells (dashed lines) have twice the beamwidth of the new combined cell’s antennas (solid lines). From this point forward we consider 
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and N=2 for the sake of simplicity.
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Figure 1:Co-located combined cells for 
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and N=2.

For a co-located combined cell, each sector of the baseline configuration contains 2 sub-cells. Each sub-cell has an antenna beamwidth that is half of the baseline antenna beamwidth. Sub-cell 1’s antenna is tilted 
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to the left of the baseline antenna direction and sub-cell 2’s antenna is tilted 
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to the right.
Unlike macro-cell and LPN in normal combined cell configuration, the two sub-cells have equal transmission power. For the co-located combined cell, both SFN and SR modes are enabled. In SFN mode P-CPICH signal, transmitted from both sub-cells over the same spreading code, is used for channel estimation and data demodulation. In SR mode, dedicated PICH (D-PICH) signals are used for channel estimation and data demodulation. Sub-cells of a co-located combined cell use different spreading codes for the D-PICH channel. Each sub-cell spends 10% of its transmission power for P-CPICH transmission and an additional 10% transmission power for D-PICH transmission.
3
Co-Located Combined Cells: Geometry

Legacy UEs observe the whole co-located combined cell as a single serving cell. Legacy UEs report back the CQI measured based on P-CPICH signal and they are served in SFN mode. As the CDF of geometries in Figure 2 illustrates, legacy UEs will not feel that much difference in the geometry when co-located combined cells are deployed. Figure 3 illustrates how the geometry is varying over one sector of a NodeB when path loss is considered (no shadowing). Specifically, Figure 3(c) shows what to expect from different placements of the UEs when baseline performance is compared with that of the SFN mode. In this figure, it is clear at which locations in the cell we could expect the legacy UE to experience lower/higher geometry when the baseline setting is replaced with co-located combined cells.
 [image: image8.emf]-30 -25 -20 -15 -10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ior/Ioc (dB)

CDF

 

 

Baseline

SFN

Sub-Cell 1

Sub-Cell 2


Figure 2 : CDF of geometries of different operation modes
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Figure 3: An illustration of the geometry distribution over one sector of NodeB in different modes
4
Scheduling for Co-Located Combined Cells

UEs that are designed to work in co-located combined cell network, report back 3 CQIs, one calculated using P-CPICH, and 2 cell-portion CQI reports, i.e. one per cell-portion D-PICH. NodeB gathers all reports from the UEs and makes scheduling decisions per TTI. At each TTI, NodeB decides whether to schedule a single UE in SFN mode or pair two UEs in SR mode. NodeB then informs the scheduled UE(s) of the mode they are scheduled at and if in SR mode, the corresponding serving sub-cell.
NodeB makes its scheduling decision based on the well-known sum-proportional fair scheduler. In every TTI, the scheduler maintains two lists: an SFN list and an SR list. The SFN list is populated assuming only a single UE will be scheduled in SFN mode. The SR list is populated assuming UEs are paired, with each UE being served by one of the sub-cells in the given TTI. The best UE “i” out of K UEs from the SFN list is chosen based on Eq. (1). The best UE pair “(i1, i2)” for scheduling is chosen based on Eq. (2), which is based on summing the proportional fair metrics for users i1 and i2. 
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Where 
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is the requested rate for UE “i’’ for the current TTI and 
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Where 
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is the requested rate for UE “i’’ in sub-cell “j’’.

Suppose that the best UE in the SFN list has the metric 
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 and the best UE pair from the SR list result in the metric
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, NodeB schedules the best UE from the SFN list and vice versa.  

5
Simulation Assumptions and Results

Table 1 shows the system simulation assumptions.

Table 1: System Simulation Assumptions

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around. For co-located combined cells each sector has 2 sub-cells.

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Channel Model
	PA3 

	P-CPICH Ec/Io
	-10 dB

	D-PICH Ec/Io
	-10 dB

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	UE Receiver Type
	type 3i

	Max Transmit Power
	43 dBm for Baseline, and 43 dBm per sub-cell for co-located combined cells

	Traffic
	Full Buffer

	# of UEs per Sector
	16 – dropped uniformly


Figure 4 illustrates the performance improvement of co-located combined cells for 16 UEs per sector. Table 2 summarizes the throughput gain achieved by co-located combined cells for different performance measures. Co-located combined cell deployment results in significant throughput gain. Gain of the co-located combined cell comes from the spatial separation of the UEs, and ability to serve two UEs per TTI. Since the antennas of the serving sub-cells are physically pointing at different directions, transmission from one of the sub-cells causes insignificant interference to the UE served by the other sub-cell. On top of that, the scheduler is designed to serve 2 UEs in the SR mode when they are at their peak channel. Hence the serving time of the UEs increases such that the average UE throughput is boosted by 56% when co-located combined cell is deployed. 
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Figure 4: Performance improvement of co-located combined cell over baseline 
Table 3: Gain in throughput (co-located combined cell over baseline)

	Tput (Mbps)
	Ave. UE Tput
	Median UE Tput
	5 Percentile UE Tput

	Baseline
	0.44
	0.43
	0.18

	Co-Located Combined Cell
	0.7
	0.61
	0.18

	Gain (%)
	56%
	41%
	0%


6
Conclusions

The document presents the concept of “co-located combined cell” using directional antennas. In this contribution, we studied the variations in geometry caused by co-located combined cell deployment and observed similar distribution of geometry for baseline macro-cell and SFN mode. Furthermore, system simulations illustrate throughput improvement using the proposed scheduling for the co-located combined cell.
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