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1. Introduction
A heterogeneous network (Het NW) deployment where low-power new nodes are deployed into a macro-cell layout is one of the promising and cost-effective approaches to meet ever increasing demand for mobile radio communication services. Therefore, Het NW deployments should be effectively supported in LTE-Advanced [1][2].

In [3] we evaluated the uplink (UL) performance of LTE Release-8 (Rel-8) in Het deployment configurations 1 and 2, as defined in Table A.2.1.1.2-3 of [4], and presented the open issues for effective support of Het NW deployments. In this contribution, we perform similar evaluation in configurations 3 and 4 and clarify open issues corresponding to each Het NW deployment scenario. In order to achieve potential benefits, we consider two serving cell selection schemes that are based on received power (RP) and pathloss (PL), respectively [3].
Also, unclear definition of Het deployment configurations in [4] causes the different placements of new nodes and user equipments (UEs) among the companies [5][6]. We describe details of Het deployment configurations used in this contribution and expect discussions to be initiated for having exact and agreed Het deployment configurations.
2. Placing of new nodes and UEs
As described in [5], in order to primarily study Het NW deployments during the rest of the LTE-Advanced study period, we need to initiate further discussions on having exact and agreed Het deployment configurations. In the following we describe details of the new nodes (we assume hotzone-nodes) and UEs placing used in this contribution.
2.1. Hotzone-nodes and UEs Placing Configuration 3
All UEs are distributed uniformly within an overall macro-cell layout. In the case of 21 macro-cells, the total number of UEs is 525. The number of UEs in each macro-cell geographic area is restricted between 10 and 100.
Configuration 3 focuses on cell-edge enhancement. In such cases, hotzone-nodes are often deployed by planning. Our placing of hotzone-nodes is shown in Fig. 1. In order to provide small pathloss (PL) to UEs with large PL for macro-cells, the hotzone-nodes are placed to the circle on the center of hexagon between ±60 degrees from the antenna bore-sight. Hotzone-node density in each hexagon is proportional to UE density in each macro-cell geographic area.

2.2. Hotzone-nodes and UEs Placing Configuration 4
UE clusters are distributed uniformly within an overall macro-cell layout. Each UE cluster is a circle with a radius of 40 meters and 2 UEs are distributed uniformly within it. In the case of 21 macro-cells, the total number of UEs is 525, the total number of UE clusters is 210, and the other 105 UEs are distributed uniformly within the overall macro-cell layout except the UE cluster areas. The number of UEs in each macro-cell geographic area (include UE cluster areas) is restricted between 10 and 100.

Hotzone-nodes are placed in each center of the UE clusters which are randomly selected. In the case of 10 hotzone-nodes, the hotzone-nodes are placed in the all UE clusters. Hotzone-node density is proportional to UE density in each macro-cell geographic area.
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Fig. 1. Hotzone-nodes placing in configuration 3.

3. Simulation
Here we show the simulation assumptions and parameters in Table 1 – 4. These are based on [4] and [7] except the assumptions marked with †. We consider 3GPP macro case 1 for configuration 4. On the other hand, for configuration 3, we consider 3GPP macro case 3 to focus on cell edge UEs with insufficient transmission power. 20 drops are simulated for each configuration. Serving cell selection significantly affects performance in Het NW deployments. In this simulation, we use the following two schemes [3]:

· RP based serving cell selection: UEs are served by a cell with the highest downlink (DL) RSRP;

· PL based serving cell selection: UEs are served by a cell with the smallest PL.

For the sake of simplicity, we approximate interference from the UEs outside of the strongest 21 cells on each serving cell selection criterion by 1-ray fading.
Table 1. 3GPP (Macro-cell) system simulation baseline parameters.
	Parameter
	Assumption

	
	Case 1
	Case 3

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site†

	Inter-site distance
	500 m
	1732 m

	Distance-dependent path loss
	L=128.1 + 37.6log10R, R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	Channel model
	Typical Urban

	Number of BS RX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table 2.  Heterogeneous system simulation baseline parameters.
	Parameter
	Assumption

	Number of new nodes per macro-cell
	1, 2, 4 or 10

	Distance-dependent path loss from new nodes to UE
	L=140.7 + 36.7log10R, R in km

	Shadowing standard deviation
	10 dB

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Penetration loss
	20 dB

	Antenna pattern (horizontal)
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 dB (omnidirectional)

	Channel model
	Typical Urban

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS RX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between new node and regular node
	>= 35 m

	Minimum distance between UE and new node
	> 10 m

	Minimum distance among new nodes
	 > 10 m†


Table 3.  Other simulation parameters.
	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Bandwidth configuration
between macro-cell and new node-cell
	Co-channel

	Inter-cell interference modelling
	Explicit modelling (all cells occupied by UEs)

	UE speeds of interest
	3 km/h

	Number of UE TX antennas
	1

	UE power class
	23 dBm (200 mW)

	UE antenna gain
	0 dBi

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional fairness

	UL receiver type
	Maximum ratio combining

	UL power control
	Open loop with fractional path loss compensation
(alpha=0.8)

	
	PO=-90dBm
	PO=-85dBm

	HARQ scheme
	HARQ-IR, up to 3 re-transmission

	Link adaptation
	SINR estimation with 4ms delay, 5ms SRS period

	Channel estimation
	Ideal

	Number of resource blocks for PUCCH
	6

	Link to system mapping
	EESM, same 
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 value for all MCS


Table 4.  Placing of new nodes and UEs.

	Configuration
	UE density across
macro cells
	UE distribution
within a macro
cell
	New node
distribution
within a macro cell
	Comments

	3
	Non-uniform
[10 – 100]/macro cell
	Uniform
	Correlated
	Cell edge enhancement

	4
	Non-uniform
[10 – 100]/macro cell
	Clusters
	Correlated
	Hotspot capacity
enhancement


3.1. Simulation Results of Hotzone-nodes and UEs Placing Configuration 3
The UL user throughputs (5% worst / median / mean) are shown in Table 5 and the cumulative distribution functions (CDFs) of the UL user throughput, the CDFs of the macro- and hotzone-cell interference over thermal noise (IoT), the fraction of users served by macro- and hotzone-cells, and the CDFs of the PL for the serving cell are shown in Fig. 2 – 5, respectively. The parenthetical values in Table 5 indicate the performance gain over the macro only deployment.
Table 5 shows that PL based serving cell selection provides higher performance gain than that of RP based serving cell selection. This is because efficient load-balancing is achieved by dispersion of UEs into hotzone-cells as shown in Fig. 4(b) and optimal links which provide the smallest PL to each UE are used.
In the case of RP based serving cell selection, only a portion of UEs with large PL for macro-cells are served by hotzone-cells. This is because hotzone-cell coverage is very small due to the different maximum transmission power levels between the macro- and the hotzone-nodes.
Table 5. User throughput in configuration 3.
	Serving cell selection
	RP based
	PL based

	User throughput
[kbps] (Gain)
	5% worst
	Median
	Mean
	5% worst
	Median
	Mean

	Macro only
	36
	307
	399
	36
	307
	399

	1 Hotzone
	39 (8%)
	346 (13%)
	489 (22%)
	45 (24%)
	427 (39%)
	585 (47%)

	2 Hotzones
	42 (17%)
	396 (29%)
	588 (47%)
	58 (61%)
	573 (87%)
	775 (94%)

	4 Hotzones
	52 (44%)
	515 (68%)
	796 (99%)
	89 (147%)
	852 (178%)
	1115 (179%)

	10 Hotzones
	79 (118%)
	843 (175%)
	1306 (227%)
	171 (374%)
	1612 (426%)
	1797 (350%)
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          (a) RP based serving cell selection

(b) PL based serving cell selection
Fig. 2. User throughput CDF in configuration 3.
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           (a) RP based serving cell selection
                        (b) PL based serving cell selection
Fig. 3.  IoT CDF in configuration 3.
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              (a) RP based serving cell selection
                            (b) PL based serving cell selection
Fig. 4. Fraction of users in configuration 3.
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         (a) RP based serving cell selection

(b) PL based serving cell selection

Fig. 5. Pathloss CDF for serving cell in configuration 3.

3.2. Simulation Results of Hotzone-nodes and UEs Placing Configuration 4
The UL user throughputs (5% worst / median / mean) are shown in Table 6 and the CDFs of the UL user throughput, the CDFs of the macro- and hotzone-cell IoT, the fraction of users served by macro-cells and hotzone-cells, and the CDFs of the PL for the serving cell are shown in Fig. 6– 9, respectively. The parenthetical values in Table 6 indicate the performance gain over the macro only deployment.
Similar to the case of configuration 3, PL based serving cell selection provides higher performance gain than that of RP based serving cell selection as shown in Table 6. However, the difference between them is smaller than that of the cases of configuration 2 [3]. This is because UEs are easily served by the hotzone-cells whose nodes are placed in UE clusters.
The hotzone-cell IoT on RP based serving cell selection is much larger than the macro-cell IoT due to significant interference from macro-UEs located near hotzone-nodes as shown in Fig. 7(a). This causes low received signal-to-interference and noise power ratio (SINR) in the hotzone-cells and their spectral efficiency decreases. PL based serving cell selection eases the hotzone-cell IoT compared to RP based serving cell selection because most of the UEs located near the hotzone-nodes are served by the hotzone-cells as shown in Fig. 8. However, the increased hotzone-UEs with large transmission power cause increase of the macro-cell IoT and the macro-cell spectral efficiency decreases.
Table 6.  User throughput in configuration 4.
	Serving cell selection
	RP based
	PL based

	User throughput
[kbps] (Gain)
	5% worst
	Median
	Mean
	5% worst
	Median
	Mean

	Macro only
	76
	442
	462
	76
	442
	462

	1 Hotzone
	89 (18%)
	501 (13%)
	602 (30%)
	129 (70%)
	645 (46%)
	743 (61%)

	2 Hotzones
	105 (38%)
	574 (30%)
	737 (59%)
	227 (199%)
	893 (102%)
	1003 (117%)

	4 Hotzones
	148 (95%)
	728 (65%)
	998 (116%)
	458 (505%)
	1380 (212%)
	1458 (215%)

	10 Hotzones
	365 (381%)
	1455 (229%)
	1666 (260%)
	1186 (1463%)
	2367 (436%)
	2423 (424%)
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           (a) RP based serving cell selection

(b) PL based serving cell selection
Fig. 6. User throughput CDF in configuration 4.
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            (a) RP based serving cell selection
                         (b) PL based serving cell selection
Fig. 7. IoT CDF in configuration 4.
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               (a) RP based serving cell selection
  
   (b) PL based serving cell selection
Fig. 8. Fraction of users in configuration 4.
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          (a) RP based serving cell selection

(b) PL based serving cell selection

Fig. 9. Pathloss CDF for serving cell in configuration 4.

From these results, the followings are shown:

· In both configurations, PL based serving cell selection can provide significant higher UL performance gain compared to RP based serving cell selection. However, due to the different maximum transmission power levels between the macro- and the hotzone-nodes, it seems to seriously degrade DL control channel performance. Further study for serving cell selection schemes is important;

· Hotzone-node deployments by planning such as configuration 3 should be considered associated with serving cell selection because hotzone-cell coverage depends on it;

· Both the serving cell selection schemes cause the significant interference issues especially in configuration 4 with 3GPP macro case 1. However, they differ in property. Dynamic interference management schemes should also be considered associated with serving cell selection, for example UL power control, frequency reuse, cooperative silencing and so on [5][6][8].
Also, we described the detail of Het deployment configurations used in this contribution. However, we think that they have several issues as follows:

· There are very few dense macro-cells that serve more than 50 UEs;

· It seems to be too low-density that there are only 2 UEs in each UE cluster.

Therefore, we think that it is better to integrate our configurations with denser Het deployment configurations such as presented in [5] but the total number of UEs on an overall macro-cell layout should be fixed in every drop for simulation convergence. 
4. Conclusion
In this contribution, we evaluated the UL performance of LTE Rel-8 in Het deployment configurations 3 and 4 under RP based and PL based serving cell selections. Our simulation results indicate the followings:
· Further study for serving cell selection schemes with investigation of the corresponding DL control channel performance is important;

· Dynamic interference management schemes should be considered associated with serving cell selection and Het deployment scenarios;

· Hotzone-node deployments by planning should be considered associated with serving cell selection.
We will study serving cell selection schemes with investigation of DL control channel performance for efficient coexistence of macro- and hotzone-cells. Additionally, in the future meeting, we will study dynamic interference management schemes between them.
We also described the detail of our Het deployment configurations. We expect discussions for having exact and agreed Het deployment configurations.
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