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1
Introduction

Recently, heterogeneous deployments where low power nodes are placed throughout a macro-cell layout have gained signficant interest from cellular network operators as a means to enhance system performance (coverage and capacity).  Example of low power nodes are hotzone (or pico) cells and remote radio heads.  Furthermore, such deployments are highly relevant in the context of evaluating and designing advanced features for UTRA such as MIMO on the UL (2x2, 2x4), MIMO on the DL (2x2, 4x2, 4x4), higher order modulation (16QAM and 64QAM on the UL, and 64QAM on the DL), and multi-carrier operation (4C-HSDPA, 8C-HSDPA, DC-HSUPA). Depending on the isolation achieved between the low power nodes and the macro cells, these deployments could allow for higher SNR operating points relative to the operating points observed in homogeneous deployments (macro-cell only layout) which in turn could demonstrate the true benefit of these advanced features.
As of today, there exists no commonly agreed system simulation assumption in the UTRA specifications to evaluate HSPA system performance in heterogeneous deployments. In this contribution, we propose a new system scenario involving deployment of macro and small cells that can serve as a reference system scenario for evaluating further advancements of the UTRA physical layer.
2
Categorization of new nodes

Table 1: Categorization of new nodes

	
	Backhaul
	Access
	Notes

	Remote radio head (RRH) 
	Several µs latency to macro
	Open to all UEs
	Placed indoors or outdoors

	Pico NodeB (i.e. node for　Hotzone or Small cells)
	Iub
	Open to all UEs
	Placed indoors or outdoors. Typically planned deployment. 


2
Heterogeneous Network Deployment Scenarios

Table 2: Heterogeneous network deployment scenario

	Case
	Environment
	Deployment Scenario
	Non-traditional node

	1
	Macro + Indoor
	Macro + indoor RRH/Hotzone
	e.g. indoor pico

	2
	Macro +Outdoor
	Macro + outdoor RRH/Hotzone
	e.g., outdoor pico


3
Placing of new nodes and UEs

Table 3: 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

	1
	Uniform 
16/macro cell
	Uniform
	Uncorrelated
	Capacity enhancement

	2a, 2b
	Non-uniform***
	Clusters
	Correlated**
	Hotspot capacity enhancement


* New node density is proportional to the UE density in each macro cell. UE density is defined as the number of UEs in the geographic area of a macro cell.
**Hotzone nodes, often deployed by planning.
*** Clustered UE Placement for Hotzone cells: 

-
Fix the total number of users, Nusers, dropped within each macro geographical area, where Nusers is 16 or 32.

-
Randomly and uniformly drop the configured number of low power nodes, N, within each macro geographical area (the same number N for every macro geographical area, where N may take values from {2, 4, 8}).

-
Randomly and uniformly drop Nusers_lpn users within a {20,40,80} m radius of each low power node, where 
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 with Photspot defined in Table 4, where  Photspot is the fraction of all hotspot users over the total number of users in the network.
-
Randomly and uniformly drop the remaining users, Nusers - Nusers_lpn*N, to the entire macro geographical area of the given macro cell (including the low power node user dropping area).

Table 4: Configuration #2a and #2b parameters for clustered user dropping
	Configuration
	Nusers
	Ptotal
	N
	Photspot

	Configuration #2a
	16 or 32
	24 dBm
	4
	1/2
1/2
1/2
1/2
1/2
1/2

	
	
	
	8
	

	
	
	30 dBm
	2
	

	
	
	
	4
	

	
	
	37 dBm
	2
	

	
	
	
	4
	

	Configuration #2b
	32
	24 dBm
	4
	3/4
3/4
3/4
3/4
3/4
3/4

	
	
	
	8
	

	
	
	30 dBm
	2
	

	
	
	
	4
	

	
	
	37 dBm
	2
	

	
	
	
	4
	


4
Assumptions for indoor RRH/Hotzone Evaluations

The indoor hotspot scenario consists of single floor of a building as Figure.1 which is same with ITU sketch. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two sites are placed in the middle of the hall at 30m and 90m with respect to the left side of the building.
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Figure 1: Sketch of indoor hotspot environment
5
Heterogeneous System Simulation Baseline Parameters

Table 5: Heterogeneous system simulation baseline parameters
	Parameter
	Assumption

	
	RRH / Hotzone

	Nodes per macro-cell
	

	Distance-dependent path loss from new nodes to UE
	For outdoor RRH/Hotzone
Model 1:

 Macro to UE:

L= 128.1+37.6log10(R)

Pico to UE:
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 for 2GHz, R in km

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing correlation
	Between cells*3
	For outdoor RRH/Hotzone
0.5

For indoor RRH/Hotzone
0

	
	Between sectors
	N/A

	Penetration Loss  
	20 dB 

	Antenna pattern  (horizontal) for New Node
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 dB (omnidirectional)

	Carrier Frequency
	CF= 2GHz 

	UE speeds of interest
	3 km/h

	Total BS TX power (Ptotal)
	24, 30, 37 dBm – 5, 10MHz carrier
(37dBm is outdoor only)

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modelling
	DL: Explicit modelling else cell power = Ptotal
UL: Explicit modelling (all cells occupied by UEs),

	Antenna configuration
	2 tx, 2 rx antenna ports, or 4 tx , 4 rx antenna ports

	Antenna gain + connector loss
	5dBi

	Placing of new nodes and Ues
	See Table 3

	Minimum distance between new node and regular nodes
	>=75m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay)
	For outdoor RRH/Hotzone
> 10m 
For indoor RRH/Hotzone
>= 3m

	Minimum distance among new nodes
	50 m


6
Conclusions

In this contribution, scenarios corresponding to a heterogeneous environment of macro and low power nodes for HSPA were introduced. These scenarios are considered useful to evaluate when evaluating system performance of advanced features for UTRA such as MIMO on the UL (2x2, 2x4), MIMO on the DL (2x2, 4x2, 4x4), higher order modulation (16QAM and 64QAM on the UL, and 64QAM on the DL), and multi-carrier operation (4C-HSDPA, 8C-HSDPA, DC-HSUPA. It is proposed that these scenarios be discussed further with the aim to arrive at a commonly agreed system scenario for heterogeneous deployment of macro and low power nodes for HSPA.
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