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Background
With regards to modeling co-existence performance for relay node deployments, one of the remaining areas to be agreed upon is how to model the traffic patterns and propagation models to be employed for indoor relay node coverage. Indoor relay node coverage can refer to one of a number of scenarios that have been discussed including:

· placement of the relays indoors,

· placement of the relay outdoors close to buildings in order to provide indoor coverage
· use of thru-wall deployment for which the Un relay backhaul antenna is placed outdoors and the Uu relay node antenna is placed indoors. 
For all of the above scenarios it is assumed that the UE’s to be served are located indoors
Discussion

Given that two the primary function of a relay node are to provide both capacity and coverage improvement, both outdoor and indoor scenarios should be considered.  For deployment of outdoor relays, one of the models currently being employed is the placement of the relay nodes at the cell edge at a distance of 1.5 times the cell radius, primarily to provide improved cell edge coverage as well as increased cell-edge user throughput. Indoor or “in-building” relays will typically be employed for solving indoor or in-building coverage or in-building hot spot scenarios. Issues that need to be considered include
· the percentage of UE’s in a donor cell that are located indoors

· the size and number of the indoor coverage areas that are to be nominally served by relay nodes
· the location of the indoor coverage areas
· the penetration loss of the walls and the number of floors that are to modelled for the indoor environment

· the propagation model that is to be employed within the indoor coverage.
The percentage of UEs that are located indoors will of course be highly dependent on the cell environment. Within urban areas it can reasonably be expected that a higher percentage of UEs will be located indoors than would be expected in a rural environment, for example. In an urban environment a reasonable percentage of indoor users would be on the order of 50%.  Although it can be expected that in many cases indoor users will be randomly located within the donor cell and that the locations of indoor UEs will be uncorrelated, it is also likely that in urban environments there will be areas within the donor macro cells that will have clusters of indoor UEs. Such locations include public areas such as train stations and airports, as well as office and small businesses. The size and location of such clusters will of course vary, but as a first approximation to model the impact of  clusters of indoor users it is suggested that of the up to 5 RN’s currently being modelled per donor cell, that 1 to 3 of the RN’s be modelled to serve clusters of indoor users. A reasonable size of a cluster of indoor users would be to service a 50 meter by 50 meter building that could be either randomly located within the cell or positioned at pre-defined locations such as near the cell edge. It is recommended that each indoor cluster have 1 to 5 UEs randomly dropped within the cluster and that in addition, up to 10 outdoor UEs will be randomly dropped in the donor cell to be served by either the eNB or one of the outdoor relays.
The penetration loss of building walls and floors can vary significantly over the range of 6 to 30 dB. In order to simplify the initial modelling it is suggested that an exterior wall penetration loss of 18 dB be employed for the indoor model. Furthermore it is recommended that floor modelling not be incorporated into the initial indoor assumptions, since the floor loss combined with the number of possible floors in an indoor environment will introduce considerable variability into the modelling. It can be argued loosely that the floor loss is included in the 10 dB log-normal shadowing random variable.
The in-building coverage areas can be served by one dedicated relay node that can be modelled in one of several options as described below
· Option 1: An outdoor relay positioned 5 meters outside the in-building coverage area along the boresite between the eNB and the coverage area. A penetration loss of 18 dB on the Uu link between the RN and indoor UEs is assumed. No penetration loss is assumed for the Un backhaul link.

· Option 2: An indoor relay centered within the in-building coverage area. No penetration loss is assumed between the RN and the UEs within the same in-building coverage area. An 18 dB penetration loss is assumed on the Un backhaul link

· Option 3: A thru-wall relay positioned on the boundary of the  in-building along the boresite between the eNB and the coverage area. The penetration loss for the Un and Uu links is assumed to be 0 dB.
For the initial co-existence studies it is recommended that option 3 be employed and the options 1 and 2 be considered for future study. 
.
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Figure 1: Illustration of Modeling of indoor clusters
With regard to the indoor propagation model, a number of models have been proposed in [1] including the dual strip model and  a 5x5 grid model, used in conjunction with the pathloss equations of Table A.2.1.1.2-3 in TR36.814 [2]. The 5x5 grid model proposes that indoor building be composed of 10 m by 10 meter apartments on a 5 x 5 grid for a total of 25 apartments in the cluster.. 
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Text Proposal

6.1
Coexistence simulation cases

In this subclause the simulation cases for coexistence studies are outlined.

Systems using relays is different from previously performed coexistence studies in the sense that there are different kinds of nodes that cause interference and that are impacted. In Table 6.1-1 the aggressor links and victim links are listed.

Both the aggressor and the victim networks contain eNB, RN and UE nodes.

Table 6.1-1 Coexistence simulation cases

	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	A1
	eNB and RN access side
	eNB -> UE
	6.2.1

Case 1
DR=1.5R


	6.4b
Outdoor relay
GBH = 15 dBi
	Case 1

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	N/A



	A2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	A2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	A3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	A4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	A4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	B1
	eNB and RN access side
	eNB -> UE
	6.2.4
Case 1
DR=1.5R


	6.4b
Truwall relay
GBH = 15 dBi
	Case 1

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
<Additional uplink simulation cases are FFS for covering both 24 and 30 dBm  >
	N/A



	B2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	B2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	B3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	B4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	B4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	C1
	eNB and RN access side
	eNB -> UE
	6.2.1

Case 3
DR=1.5R


	6.4b
Outdoor relay
GBH = 15 dBi
	Case 3

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	N/A



	C2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	C2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	C3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	C4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	C4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	D1
	eNB and RN access side
	eNB -> UE
	6.2.4
Case 3
DR=1.5R


	6.4b
Truwall relay
GBH = 15 dBi
	Case 3

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
< Additional uplink simulation cases are FFS for covering both 24 and 30 dBm >
	N/A



	D2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	D2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	D3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	D4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	D4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


Table 6.1-1 Coexistence simulation cases

	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	E1
	eNB and RN access side
	eNB -> UE
	6.2.2
Case 1



	6.4b
Outdoor relay
GBH = 15 dBi
	Case 1

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	N/A



	E2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	E2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	E3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	E4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	E4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	F1
	eNB and RN access side
	eNB -> UE
	6.2.2
Case 1
	6.4b
Truwall relay
GBH = 15 dBi
	Case 1

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
< Additional uplink simulation cases are FFS for covering both 24 and 30 dBm >
	N/A



	F2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	F2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	F3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	F4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	F4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	G1
	eNB and RN access side
	eNB -> UE
	6.2.2
Case 3

	6.4b
Outdoor relay
GBH = 15 dBi
	Case 3

with site planning
NLOS


	PAC,max=30 dBm

PBH.max=30 dBm
	N/A



	G2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	G2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	G3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	G4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	G4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


	Case
	Aggressors
	Victim Link
	Relay Deployment
	RN antenna configuration
	Propagaion Model
	RN Max Power
	Power control

	H1
	eNB and RN access side
	eNB -> UE
	6.2.2
Case 3

	6.4b
Truwall relay
GBH = 15 dBi
	Case 3

with site planning

NLOS
	PAC,max=24 dBm

PBH.max=[24,30] dBm
< Additional uplink simulation cases are FFS for covering both 24 and 30 dBm >
	N/A



	H2-1
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC1

	H2-2
	UE and RN backhaul side
	UE -> eNB
	
	
	
	
	PC2

	H3
	eNB
	eNB -> RN

eNB -> UE
	
	
	
	
	N/A


	H4-1
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC1 

	H4-2
	UE
	UE-> RN

UE->eNB
	
	
	
	
	PC2 


<The Exact Set of simulations is FFS and needs further agreements>

<The main focus is on operator deployed scenarios, user deployed relays are FFS>

<The set of simulations for indoor relays is FFS>

<It may be possible to use the simulations for other setups  In particular, it is FFS if the uplink outdoor relay simulations with PBH, max = 30 dBm may be used for a Truwall relay with the same backhaul link power>
6.2
System layout

This section describes the deployment used for eNodeB and RN. In all deployments there will be a fixed number [1, 4] of relay nodes per cell.

Table 6.2-1 Possible Parameter Definitions for Macro Network
	Parameter
	Macro Network

	Environment
	Macro cell, Urban (Case1)
Rural area (Case3)

	Macro Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors with BTS in the corner of the cell

	Macro Cell ISD
	a)
Case 1 with an ISD of  500 meters
b)
Case 3 with and ISD of 1.732 km


6.2.1
Uncoordinated macro cellular deployment, RN at cell  edge 

Simulations are performed in the “Uncoordinated macro cellular deployment” described in section 4.4.2.1 of [5].

The RNs are located at [0.5, 1, 1.5] R (cell radius) from from the eNodeB. The RN are evenly spread over a total angle of +/- 30 degrees. 

The exact distance to use is FFS and needs to be agreed in further meetings. Initally a number of parameters are used. 

The UEs are randomly located over the entire area using a 2D uniform spatial distribution.
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Figure 6.2.1-1 Example of RN deployment. 5 RN per eNB. NOTE: Victim eNB not shown currently
6.2.2
Uncoordinated macro cellular deployment, RN at regular grid

This deployment scenario uses the same assumptions as the deployment scenario in 6.2.1 with the exception that the RN are placed on a regular square grid.

6.2.3
Manhattan grid deployment

Use of Manhattan grid is FFS.
6.2.4
Thruwall scenario

6.2.4.1
Network layout

Assume there are 5 in-building coverage areas randomly located within the donor cell.

In-building coverage areas will be modelled as a 50 meter by 50 meter square area

In-building coverage areas will be served by one dedicated relay node that can be modelled as a thruwall  relay positioned on the wall closest to the eNB along the boresite between the eNB and the center of the coverage area.The antennas are located on this position on either side of the wall. . No penetration loss is assumed for the Un backhaul link
The building wall closest to the eNB is perpendicular to a line between the BS and the center of the building. The building cannot be located on the border of the cell, i.e. the entire building has to be inside one cell.
Modelling of floor loss if FFS.

Indoor propagation will be modelled using a 5x5 grid of 10 m by 10 m apartments in a 50 m by 50 m cluster, and employing the pathloss models of Table A.2.1.1.2-3 in [3].

[image: image3]
Figure 6.2.4.1-1 Illustration of indoor cluster modeling for relay co-existence studies

6.2.4.2
UE Locations

Each in-building coverage area will have a cluster of 4 indoor UEs randomly dropped within the in-building coverage area. 
The building coverage consists of a 5x5 cluster of apartments, each of size 10mx10m. Only one UE can be located in each apartment. Figure 6.2.4.2-1 illustrates the 5x5 Grid model:

[image: image4]
Figure 6.2.4.2-1: 5x5 Indoor Grid Model
In addition  10 outdoor UEs will be randomly dropped in the donor cell and will be served by either the eNB or one of the outdoor relays. 

6.3
UE locations and cell selection
<<< Next changed section >>>
6.5 Propagation Models and MCL
In this section, the carrier frequency is assumed to be 2GHz carrier frequency, and R is in km. 

6.5.1 Case 1: ISD of 500 meters

This subsection lists the propagation models and MCL values to be used for the links in a system with a Case 1 ISD of 500 meters

6.5.1.1 Macro-UE link

LOS scenario: PLLOS(R)= 103.4+24.2log10(R)

NLOS scenario: PLNLOS(R)= 131.1+42.8log10(R)

LOS Probability function: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

MCL is: 70 dB [5] 

Lognormal shadowing standard deviation: 10 dB

In case of an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

6.5.1.2 Macro-Relay link

Without site planning

LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
In case of an indoor Relay, an additional wall penetration loss of [18] dB has to be considered.

With site planning

As the RNs are controlled by the operators, they can do site planning such that the LOS probability between donor- eNB and RNs are maximized in order to increase the throughput/coverage for the backhaul link. Even if the link between the donor-eNB and RN is NLOS, the operators can still do site planning in order to improve the shadowing of the propagation channel. Below are the adjustments on LOS probability and lognormal shadowing when site planning is conducted by the operators [3]:

For LOS: PLLOS (R)

For NLOS: PLNLOS (R)-B, where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.

LOS Probability function: [1-(1- Prob(R))^N, ] where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.

Free Space scenario: PLFS(R)= 98.4+20log10(R). 

<Note that the free space scenario is particularly interesting for receiver blocking, where there is a free space path between the relay and the interfered eNB and a NLOS path between the relay and the serving eNB.>
MCL is: (70 dB – GBH) dB, where GBH is the relay backhaul antenna gain.

Note that the MCL values given in this section are used for relay coexistence study only.

Lognormal shadowing standard deviation: 6 dB
6.5.1.3 Outdoor Relay access antenna-UE link

LOS scenario: PLLOS (R)=103.8+20.9log10(R)
NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

LOS Probability function: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

MCL is: (64 – GAC) dB for outdoor deployments of the access antenna [4] , where GAC is the relay access antenna gain.
Lognormal shadowing standard deviation: 10 dB

In case of an outdoor Relay and an indoor UE, an additional wall penetration loss of [18] dB has to be considered.


6.5.1.4 Indoor Relay access antenna – UE link
Indoor relay access antennas are assumed to be deployed in apartment clusters outlined in subclause 6.2.4.2.
Relay to UEs inside the same cluster: L= 127+30log10(R)

Relay to UEs in different clusters: L= 128.1+37.6log10(R)

Note that the number of floors in the path is assumed to be 0.

MCL is: (50 – GAC) dB for indoor deployments of the access antenna [4], where GAC is the relay access antenna gain.

Lognormal shadowing standard deviation: 10 dB for link between relay and relay UE, and 8dB for other links

The penetration loss of the wall separating apartments is 5dB.

6.5.1.5 Correlation for shadowing

For the same type of link (i.e. Macro-Relay link, Relay-UE link, and Macro-UE link respectively), a shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used. Furthermore, no correlation is assumed for shadowing between different types of link (i.e. Macro-Relay and Relay-UE, Macro-Relay and Macro-UE, Relay-UE and Macro-UE).

6.5.2 Case 3: ISD of 1.732 km

This subsection lists the propagation models and MCL values to be used for the links in a system with a Case 3 ISD of 1.732 km

6.5.2.1 Macro-UE link

LOS scenario: PLLOS (R)= 103.4+24.2log10(R)

NLOS scenario: PLNLOS (R)= 131.1+42.8log10(R)

LOS Probability function: Prob(R)=exp(-(R-0.01)/1.0)

MCL is: 80 dB [5]

Lognormal shadowing standard deviation: 10 dB

In case of an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

6.5.2.2 Macro-Relay link

Without site planning

LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=exp(-(R-0.01)/1.15)

In case of an indoor Relay, an additional wall penetration loss of [18] dB has to be considered.

With site planning

As the RNs are controlled by the operators, they can do site planning such that the LOS probability between donor- eNB and RNs are maximized in order to increase the throughput/coverage for the backhaul link. Even if the link between the donor-eNB and RN is NLOS, the operators can still do site planning in order to improve the shadowing of the propagation channel. Below are the adjustments on LOS probability and lognormal shadowing when site planning is conducted by the operators [3]:

For LOS: PLLOS (R)

For NLOS: PLNLOS (R)-B, where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.

LOS Probability function: [1-(1- Prob(R))^N,] where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.

Free Space scenario: PLFS(R)= 98.4+20log10(R)
<Note that the free space scenario is particularly interesting for receiver blocking, where there is a free space path between the relay and the interfered eNB and a NLOS path between the relay and the serving eNB.>
MCL is: (80 – GBH) dB , where GBH is the relay backhaul antenna gain.

Note that the MCL values given in this section are used for relay coexistence study only.

Lognormal shadowing standard deviation: 6 dB
6.5.2.3 Outdoor Relay access antenna-UE link
LOS scenario: PLLOS (R)=103.8+20.9log10(R)

NLOS scenario: PLNLOS (R)=145.4+37.5log10(R)

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

MCL is: (64 – GAC) dB [4] , where GAC is the relay access antenna gain.
Lognormal shadowing standard deviation: 10 dB

In case of an outdoor Relay and an indoor UE, an additional wall penetration loss of [18] dB has to be considered.

In case of both indoor Relay and UE in NLOS, an additional wall penetration loss of [7] dB has to be considered.

6.5.2.4 Indoor Relay access antenna – UE link
The same propagation model as in subclause 6.5.1.4 applies.

6.5.2.5 Correlation for shadowing

For the same type of link (i.e. Macro-Relay link, Relay-UE link, and Macro-UE link respectively), a shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used. Furthermore, no correlation is assumed for shadowing between different types of link (i.e. Macro-Relay and Relay-UE, Macro-Relay and Macro-UE, Relay-UE and Macro-UE).
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