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1 Introduction 
A new SI to study UMTS Heterogeneous Networks was approved at RAN#57.

The objectives of this study are as follows:

· Define deployment scenarios and simulation assumptions for heterogeneous networks 

· Investigate uplink and downlink interference issues and solutions for co-channel deployment of macro and small cells
· identify small cell coverage issues and potential solutions
· identify the uplink interference issues between macro cell and small cell and potential mitigation techniques

· identify the downlink interference issues between macro cell and small cell and potential mitigation techniques

· Investigate uplink and downlink imbalance issues and solutions for co-channel deployment of macro and small cells

· Investigate range expansion techniques with multiflow
· evaluate system performance benefits of range expansion in different multi-flow configurations (including multi-carrier multi-flow configurations) over solutions possible with Rel-11 and earlier techniques

· investigate uplink and downlink imbalance effects to uplink and downlink performance due to range expansion and identify potential mitigation techniques 
· Investigate mobility issues, performance impacts and possible optimizations for both co-channel and dedicated frequency deployments of macro and small cells
· Investigate improvements to UE discovery and identification of  small cells 
· investigate UE speed based mobility solutions
· investigate the mobility issues of mass small cell deployment(e.g. UE measurement requirements, limited neighbour cell list size, PSC confusion) and possible solutions
· identify the requirements and potential solutions of mobility enhancement for multi-flow deployments, including multi-carrier multi-flow
· Investigate issues and solutions in shared cells scenarios, where shared cell refers to one cell over several transmission points, e.g. spatially separated antennas.

· The study shall include considerations to minimize the impact on physical layer and legacy terminals
As a first step, in this document we discuss and propose details of the deployment scenarios and simulation assumptions to be used for conducting the necessary evaluations.   
2 Deployment Scenarios and Evaluation Assumptions
For the deployment scenarios and assumptions, much work has already been done to understand the deployment characteristics of heterogeneous networks for LTE evaluations. In general we believe it makes sense to align as much as possible with work done for LTE, since many of the deployment and propagation considerations will be the same. The system level assumptions for LTE can be found in [1], section A.2.1.1.2.
In the following section, we showing our proposed assumptions / priorities for the HSPA heterogeneous network evaluations, derived from those found in [1]: 

2.1 Assumptions derived from TR36.814

Heterogeneous deployments consist of deployments where low power nodes (HNBs or picocells) are placed in a macro-cell layout. For heterogeneous network evaluations, the following macro-cell layout cases should be used:
- Case 1

- Case 3- Rural/high speed
To assess the benefit of adding low-power nodes to become a heterogeneous network, performance comparison should be made to homogeneous macro-cell only deployment. 

The categorization of the low power nodes is as described in Table 1. 

Table 1. Categorization of low power nodes

	
	Backhaul
	Access
	Notes

	Pico NB 
	Iub, or Iu and optionally Iur, interfaces 
	Open to all UEs
	Placed indoors or outdoors. Typically planned deployment. 

	HNB 
	Iuh and optionally Iurh interfaces
	Open to all UEs
	Placed indoors or outdoors. Typically planned deployment..

	
	
	Hybrid or Closed Subscriber Group (CSG)
	Placed indoors. Consumer deployed.


Table 2 presents the baseline deployment scenario for UMTS Heterogeneous networks.

Table 2. Heterogeneous network deployment scenario
	Case
	Deployment Scenario

	1
	Macro + outdoor pico NB or HNB

	2
	Macro + indoor pico NB or HNB


3. Heterogeneous system simulation baseline parameters
	Parameter
	Assumption

	
	Outdoor/Indoor pico/HNB hotzone
	Indoor HNB cluster

	HNBs or picocells per macro-cell
	4, 10 or 20 


	1,2,or 4 clusters

4 or 10 HNBs per cluster

	Distance-dependent path loss from new nodes to UE*1
	For outdoor pico/HNB:Macro to UE:

L= 128.1+37.6log10(R)

Pico/HNB to UE:
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 for 2GHz, R in km


For indoor pico/HNB, see Table 4
	5x5 Grid:

Femto to UEs inside the same cluster 

[image: image2.wmf]R

L

10

log

30

127

+

=

 
Other links

L= 128.1+37.6log10(R)
 for 2GHz, 

R in km, the number of floors in the path is assumed to be 0.
Dual strip Model:

See Table A.2.1.1.2-7 and A.2.1.1.2-8 


	
	
	

	
	
	

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

	Shadowing standard deviation
	For outdoor pico/HNB
for pathloss model 1:
10 dB

For indoor pico/HNB, see Table 4
	5x5 Grid

10dB for Link between HNB and HNB UE.

8dB for other links
Dual strip:

4dB for Link between HNB and HNB UE.
8dB for other links.



	
	
	

	Shadowing correlation
	Between cells*2
	For outdoor pico/HNB
0.5

For indoor pico/HNB
0
	0

	
	
	
	

	Penetration Loss  
	For outdoor pico/HNB
20 dB for Case 1,3; See ITU.Eval for ITU Rural
above for both "Macro to UE" and "Pico/HNB to UE"
For indoor pico/HNB, see
Table 4
	5x5 Grid 

Femto to UEs inside the same cluster: 0 dB

All other links: 20 dB.

Dual-strip: see Table 7/8.



	
	
	

	
	
	

	Antenna pattern  (horizontal)
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	Carrier Frequency
	CF= 2GHz for case 1 and case 3
CF = 0.8GHz for high speed rural

	Channel model
	If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. 

	UE speeds of interest
	Case 1 and Case 3: 3 km/h Rural high speed: 120 km/h for UEs served by outdoor macro, pico or HNBs. 3 km/h for UEs served by indoor pico or HNBs.

	Total BS TX power (Ptotal)
	Case1: 24, 30 dBm – 10MHz carrier
Case3: 24, 30, 37 dBm – 10MHz carrier
(37dBm is outdoor only)
	20 dBm – 10MHz carrier

	
	
	

	UE power class
	21dBm 

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

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

	
	
	

	Antenna gain + connector loss 
	5dBi
	5dBi

	
	
	

	Placing of pico/HNBs and UEs
	Clustered UE distribution within macro cell
.

Correlated pico/HNB distribution within macro cell (e.g. by planning)

	 Random placing of UEs within 
X meters of the HNB cluster; 35% or 80% of macro UEs in HNB cluster.

	Minimum distance between pico/HNB and macro 
	>=75m

	Minimum distance between UE and macro
	>= 35m

	Minimum distance between UE and pico/HNB
	For outdoor Hotzone
> 10m 
For indoor Hotzone
>= 3m
	>= 3m

	Minimum distance among pico/HNBs
	40 m
	40 m cluster radius 


*1 Outdoor pico/HNB model 1 is based on TR 25.814 and IMT.EVAL UMi NLOS model; indoor HNB cluster path loss is based on ITU-R M1225 single floor indoor office model. 
*3 Cells including macro cells of the overlay network and pico/HNBs.
Fast fading may be modelled using either of the following:

-
No fast fading 

-
Fast fading with ITU/SCM models.
Table 4. Channel model 1 of indoor pico/HNB
	Cases
	Path Loss (dB)
	Shadowing standard deviation 
	Penetration Loss
	Fast Fading (when fast fading in both frequency and spatial domains is modelled)*

	UE to macro 
	(1) UE is outside
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	10dB
	0dB
	ITU UMa 

	
	(2) UE is inside 
	
	
	20dB
	

	UE to pico/HNB
	(1) UE is inside a different building from the indoor pico/HNB
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
For 2GHz, R in km

	10dB
	40dB
	ITU InH (NLOS) 

	
	(2) UE is outside 
	
	
	20dB
	

	
	(3) UE is inside the same building as the indoor pico/HNB
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km
Prob(R)=
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NLOS: 4dB
	0dB
	ITU InH 


* No Fast Fading can also be used.

For Clustered UE Placement: 
-
Fix the total number of users, Nusers, dropped within each macro geographical area, where Nusers is 30 or 60.

-
Randomly and uniformly drop the configured number of picos/HNBs, N, within each macro geographical area (the same number N for every macro geographical area, where N may take values from {4, 10}).

-
Randomly and uniformly drop Nusers_lpn users within a 40 m radius of each pico/HNB, where 
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 with Photspot defined in Table 6, 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 pico/HNB user dropping area).
Table 6. Parameters for clustered UE dropping

	Nusers
	N
	Photspot

	30 or 60
	4

10
	4/15

2/3


Table 7. Indoor pico/HNB Channel models (dual strip model):  Suburban deployment

	Cases
	Path Loss (dB)
	Fast Fading (when fast fading in both frequency and spatial domains is modeled)

	UE to macro BS
	(1) UE is outside:  PL(R)
	Model 1:

PL (dB) =15.3 + 37.6log10R 
For 2GHz, R in m.

Prob(R)=exp(-(R-10)/1000)
	RMa 

	
	(2) UE is inside a building
	Model1:

PL (dB) =15.3 + 37.6log10R + Low, R in m
For 2GHz, R in m. 
Prob(R)=exp(-(R-10)/1000)
	RMa

	UE to HNB
	(3) Dual-strip model: UE is inside the same building as HNB
	PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46) 

R and d2D,indoor are in m 

n is the number of penetrated floors

In case of a single-floor building, the last term is not needed
	InH, LOS or NLOS depends on whether line-of sight from UE to pico/HNB;

	
	(4) Dual-strip model: UE is outside
	Model 1:

PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low
R and d2D,indoor are in m
	InH (NLOS)

	
	(5) Dual-strip model: UE is inside a different building
	Model 1: 

PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low,1 + Low,2
R and d2D,indoor are in m
	InH (NLOS)


R is the Tx-Rx separation

Low is the penetration loss of an outdoor wall, which is 20dB.

In Case (3), the path loss is modeled by free space loss, penetration loss due to internal walls and floors. The loss due to internal walls is modeled as a log-linear value, equal to 0.7dB/m.  

In Case (4), the path loss modeling takes account of case (2) and case (3). d2D,indoor is the distance inside the building.

In Case (5), d2D,indoor is the total distance inside the two buildings. Low,1 and Low,2 are the penetration losses of outdoor walls for the two buildings.

Table 8. Indoor HNB Channel models  (dual strip model): Urban deployment
	Cases
	Path Loss (dB)
	Fast Fading(when fast fading in both frequency and spatial domains is modeled)

	UE to macro BS
	(1) UE is outside PL(R)
	PL (dB) =15.3 + 37.6log10R, R in m
For 2GHz, R in m.

Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UMa

	
	(2) UE is inside a building
	  PL (dB) =15.3 + 37.6log10R + Low, R in m
For 2GHz, R in m
Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	UMa

	UE to HNB
	(3) Dual-strip model: UE is inside the same  strip as HNB


	  PL (dB) = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and HNB

In case of a single-floor building, the last term is not needed
	InH, LOS or NLOS depends on whether line-of sight from UE to HNB;



	
	(4) Dual-strip model: UE is outside the apt strip
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HNB 


	InH (NLOS)

	
	(5) Dual-strip model: UE is inside a different apt strip
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HNB


	InH (NLOS)


Liw is the penetration loss of the wall separating apartments, which is 5dB.

The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 


    Low is the penetration loss of an outdoor wall, which is 20dB.

    Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.
2.2 Additional assumptions 

In addition to the above assumptions, we propose to adopt the following:
· Single carrier operation 

· Shared carrier between macro and small cells

· For SHO, consider two cases:

1. With SHO between macro and small cells

2. Without SHO between macro and small cells

· Prioritise outdoor pico/HNBs first

3 Conclusion

We propose to adopt the above assumptions for evaluations of UMTS heterogeneous networks. 
4 References

[1] TR36.814, “Further advancements for E-UTRA physical layer aspects”
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