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1. Introduction
Based on the discussion upon the email reflector, several Het-net scenarios are identified for the same propagation environment through combination of macro and different low power nodes to give operators more options to meet their throughput and coverage requirements. Selection of each option can particularly depend on the availability of sites and backhaul resources whichever the Capex and Opex can be reduced. To guarantee that operators could make the right selection from those combinations, fair performance comparisons are needed based on consistent channel models if the low power nodes are deployed in the same prorogation environment. 
Considering the limited time for Het-net SI, we propose to reuse as much as possible the current RAN1 and RAN4 channel models to the identified scenarios to speedup the progress. 
2. Additional HetNet channel models captured in the latest TR
· Additional HetNet channel models are defined as follows,
· Fast fading with ITU/SCM models or possible simplifications (ref. R4-091103) is one of options used in simulation. Whether only fast fading channel model with spatial information is used for final evaluation results should be discussed in future (or in WI).
Table 1 Additional Channel Model for HetNet

	
	Case
	Deployment Scenario
	Path loss models
	Comments

	Homogeneous Network
	1
	Case 1
	3GPP 36.814 
Macro-UE model in Relay model
	N/A

	
	3
	Case 3
	3GPP 36.814 
Macro-UE model in Relay model
	N/A

	Heterogeneous Network
	5.1
	Macro + femtocell
	Modified R4-092042 
	Modified R4 femto model to align with Macro-UE model 

	
	5.2
	Macro + indoor relay
	Direct link and access link: R4-092042
Backhauling link: Donor part outdoor
3GPP 36.814 
Macro-RN model in Relay model
Donor part indoor:
Direct link  Modified R4-092042
	Captured in [59-14-LTE-A] Evaluation scenarios for indoor relays; need to reflect femto propagation model modification

	
	5.3
	Macro + indoor RRH/Hotzone
	ITU InH with penetrated floors 
	Based on ITU InH, but it can be extended to multi floors

	
	6.1
	Macro + outdoor relay
	3GPP 36.814 Relay model
	Based on 36.814 v1.4.1, further modification is based on [59-13-LTE-A]

	
	6.2
	Macro + outdoor RRH/Hotzone
	3GPP 36.814  
Relay-UE and Macro-UE models in Relay model
	Agreed in principle in R1-095124, it may also capture the further change of outdoor relay propagation model


3. Proposed channel models for HetNet
The hetNet channel model is illustrated in Table1. During the RAN1#59 meeting, several channel model in Table 1 have already been discussed under other discussion topic codes or already agreed, e.g.

· Macro + indoor relay: Captured in [59-14-LTE-A] Evaluation scenarios for indoor relays, further modification is needed to reflect the change of femto propagation model
· Macro + outdoor relay: the 36.814 v1.4.1 is already providing an common agreed model, further modification based on [59-13-LTE-A]
· Macro + outdoor RRH/Hotzone: Agreed in principle in R1-095124, may also capture the further change of outdoor relay propagation model
However, the remaining channel models including

· Macro + indoor femtocell

· Macro + indoor RRH/Hotzone

are still needed to be modeled as to acquire consistency to other channel models. 
4. Macro + indoor femtocell channel model
In order to keep consistency to the Macro-UE propagation model for Macro + outdoor pico/relay scenario, we propose to ADD the Macro-to-UE model for indoor femtocell scenario.

Note that current TR captured the decision of incorporating 5x5 grid and dual-strip model for indoor femto cells, however, the actual path loss model is not captured in Table A.2.1.1.2-3. Pathloss models for the suburban and urban deployments are described in the Text proposal for 36.814. 
5. Conclusion
This contribution proposes to add a femtocell channel model for the evaluation in order to keep consistent model.

The main differences is that,

· Add dual strip model as the femtocell channel model.

· Change UE to macro BS path loss model in order to keep the same model as captured in relay model and pico model

· Proposing fast fading model
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7. Text Proposal

============= Start of text proposal ================== 
Table A.2.1.1.2-3. Heterogeneous system simulation baseline parameters
	Parameter
	Assumption

	
	RRH / Hotzone
	Femto
	Relay

	Nodes per macro-cell
	RRH/Hotzone, and outdoor relay:

1, 2, 4 or 10 (nodes)

Femto and indoor relay: 

1 (cluster)


Note: The indoor relay nodes in each cluster is FFS.

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

 Macro to UE:

L= 128.1+37.6log10(R)

Pico to UE:
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Model 2:

Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

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

Prob(R)=exp(-(R-0.01)/0.2)
Case 3 (Rural/ Suburban): 
Prob(R)=exp(-(R-0.01)/1.0)
Pico to UE:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

Indoor RRH/Hotzone: TBD e.g., (ITU InH hotspot path loss model)
	Model 1: 
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R in km, the number of floors in the path is assumed to be 0.

Macro to UE:

L= 128.1+37.6log10(R)

Model 2

See Table A.2.1.1.2-6 and A.2.1.1.2-7 

	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

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

Prob(R)=exp(-(R-0.01)/0.2)
Case 3 (Rural/ Suburban): 
Prob(R)=exp(-(R-0.01)/1.0)


	
	
	
	Macro to relay:
Relay with outdoor donor antenna:

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R) based on ITU models:

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Case 3 (Suburban):
Prob(R)=exp(-(R-0.01)/0.23)
Case 3 (Rural/ Suburban)

Prob(R)=exp(-(R-0.01)/1.15)
Note 1: Bonus for donor macro (from each of its sectors) to relay for optimized deployment by site planning optimization methodology in [A.2.1.1.4].
Note 2: Higher probability of LOS shall be reflected in consideration of the height of RN antenna and site planning optimization.
described in [A.2.1.1.4].
Note3: If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.
Relay with indoor donor antenna:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 5dB

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)

Note 4: Higher probability of LOS shall be reflected in consideration of the height of RN antenna


	
	
	
	Relay to UE: 
Relay with outdoor coverage antenna:
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

Note 1: this path loss models assume in-band relay. Simulations for out-of-band relay should re-examine this assumption.
Note 2: relay node has an antenna height of 5m, other antenna heights FFS.
Relay with indoor coverage antenna:
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R in km, the number of floors in the path is assumed to be 0.

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

	Shadowing standard deviation
	If path loss “Model 1” is used in path loss: 
10 dB

If path loss “Model 2” is used :  ITU-R M.2135 (i.e., according to LOS, NLOS)

	If path loss Model 1 is used in path loss:
10dB

If path loss Model 2 is used :  ITU-R M.2135 (i.e., according to LOS, NLOS)

	Macro to relay
Relay with outdoor donor antenna: 6 dB
Relay with indoor donor antenna: 8 dB

	
	
	
	Relay to UE: 10 dB

	Shadowing correlation
	Between cells*2
	0.5
	0.5
	0.5

	
	Between sectors
	N/A
	N/A
	N/A

	Penetration Loss  
	20 dB for Case 1,3; See ITU.Eval for ITU Rural
	N/A
	Macro to relay: 
Relay with outdoor donor antenna: 0 dB
Relay with indoor donor antenna: 5 dB

	
	
	
	Relay with outdoor coverage antenna to UE: 20 dB for Case 1,3; See ITU.Eval for ITU Rural
Relay with indoor coverage antenna to UE: 0 dB

	Antenna pattern  (horizontal)
	
[image: image4.wmf](

)

0

=

q

A

 dB (omnidirectional)
	
[image: image5.wmf](

)

0

=

q

A

 dB (omnidirectional)
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3

	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. For MIMO, the physical layer abstraction is FFS.

	UE speeds of interest
	Case 1 and Case 3: 3 km/h Rural high speed: 120 km/h for UEs served by macro, RRH, hotzone or relay nodes. 3 km/h for UEs served by femto cells.

	Doppler of relay-macro link
	N/A
	N/A
	Jakes spectrum with [5]Hz for NLOS component. LOS component [K=10dB].

	Total BS TX power (Ptotal)
	30 dBm – 10MHz carrier
	20 dBm – 10MHz carrier
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3

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

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

DL: Explicit modelling else cell power = Ptotal

	Antenna configuration
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3  

	Antenna gain + connector loss [Motorola: reference for these values?]
	5dBi
	5dBi
	See Table 2.1.1.4-3

	
	
	
	See Table 2.1.1.4-3

	Placing of new nodes and Ues
	See Table A.2.1.1.2-4
	See Table A.2.1.1.2-5
	See Table A.2.1.1.2-4

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

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay)
	> 10m
	>= 3m
	Outdoor relay:> 10m
Indoor relay: >= 3m

	Minimum distance among new nodes
	40 m
	40 m cluster radious 
	40 m


*1 RRH/Hotzone and outdoor relay to UE link path loss is based on IMT.EVAL UMi NLOS model; femto and indoor relay path loss is based on ITU-R M1225 single floor indoor office model; macro to relay with outdoor donor antenna path loss is based on 3GPP TR 25.814 with modified 5m antenna height.
*2 Cells including macro cells of the overlay network and new nodes.
Fast fading may be modelled using any of the following:

- No fast fading as in current TR

- Fast fading with TU and fixed correlation matrix

- Fast fading with ITU/SCM models or possible simplifications [ref. R4-091103]
 (Detailed proposals to be discussed, e.g., relevant propagation model to use with these.)
For preliminary simulation, all fast fading channel models can be applied. Whether only fast fading channel model with spatial information is used for final evaluation results should be discussed in future (or in WI).
Table A.2.1.1.2-4. 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

	1
	Uniform 
25/macro cell
	Uniform
	Uncorrelated
	Capacity enhancement

	2
	Non-uniform 

[10 – 100]/macro cell
	Uniform
	Uncorrelated
	Sensitivity to non-uniform UE density across macro cells

	3
	Non-uniform

[10 – 100]/macro cell
	Uniform
	Correlated**
	Cell edge enhancement

	4
	Non-uniform

[10 – 100]/macro cell
	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.
**Relay and hotzone nodes, often deployed by planning, see section A2.1.1.4.

Table A.2.1.1.2-5. Placing of femto cells and UEs

	Configuration
	Macro-femto Deployment
	Placing of nodes
	Placing of UEs

	1
	Independent channel
	Clustered
	Random placing of UEs within 
X meters of the femto cell

	2
	Co-channel
	Clustered
	Random placing of UEs within 
X meters of the femto cell


* Femto cell with 5x5 grid or dual-strip apartment blocks

* Non-uniform  macro-UE drop in a femto cluster. (Note that this does not preclude that one femto cluster may contain no UEs)
Table A.2.1.1.2-6. Indoor femto propagation models method 2: 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)
	Macro to UE: 

PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Prob(R)=exp(-(R-0.01)/1.0)

	RMa 

	
	(2) UE is inside a house
	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R) + Low
PLNLOS(R)= 131.1+42.8log10(R) + Low
For 2GHz, R in km. 
Prob(R)=exp(-(R-0.01)/1.0)

	RMa

	UE to HeNB
	(3) UE is inside the same house as HeNB
	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 house, the last term is not needed
	InH, LOS or NLOS depends on whether line-of sight from UE to HeNB;

	
	(4) UE is outside
	PL (dB) = max(2.70+42.8log10(R)， 38.46 + 20log10R) + 0.7d2D,indoor 

+ 18.3 n ((n+2)/(n+1)-0.46) + Low

R and d2D,indoor are in m
	InH (NOLS)

	
	(5) UE is inside a different house
	PL(dB) = max(2.70+42.8log10(R), 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 (NOLS)


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 [2] and [3]. d2D,indoor is the distance inside the house.

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

Table A.2.1.1.2-7. Indoor femto propagation models method 2: 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)
	Macro to UE: 

PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	UMa

	
	(2) UE is inside an apt
	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R) + Low
PLNLOS(R)= 131.1+42.8log10(R) + Low
For 2GHz, R in km

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	UMa

	UE to HeNB
	(3) Dual-stripe model: UE is inside the same apt stripe as HeNB


	  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 HeNB

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



	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(2.70+42.8log10(R)， 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 HeNB 


	InH (NLOS)

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(2.70+42.8log10(R), 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 HeNB


	InH (NOLS)


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.
========== End of text proposal ==================
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