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1 Introduction
In RAN#51, an LTE Rel-11 study item on TDD interference management and traffic adaptation was approved in [1]. RAN4 is tasked to perform co-existence study of applying different TDD UL-DL configurations in different cells, considering both co-channel and adjacent channel interference. The deployment scenarios and two possible methodologies for the corresponding co-existence study are discussed in [7]. In this contribution, we provide the details and evaluation results via system simulation for interference analysis in TDD systems with different UL-DL configurations in different cells.
2 Interference scenarios and system simulation methodology
2.1 Interference scenarios

For TDD deployments in general, DL-UL interference including both BS-to-BS and UE-to-UE interference needs to be considered. In this contribution, the following DL-UL interference scenarios are analyzed:
· homogeneous deployments
· Macro-Macro of a single operator, co-channel and adjacent channel case
· Macro-Macro of multiple operators, adjacent channel

· Femto-femto, co-channel and adjacent channel case

· heterogeneous deployments
· Macro-femto, co-channel and adjacent channel case
2.2 System simulation methodology

For each of the deployment scenarios in section 2.1, the simulation setup is described as following, with DL/UL geometry as the output metric of the system evaluations.
· Macro-Macro of a single operator, co-channel and adjacent channel case
A 19-cell and 3-sectored hexagon system layout is simulated with cell wrap-around. UEs are randomly and uniformly dropped in the network. Each UE determines its serving cell based on RSRP. Half of the cells (randomly picked) are of different transmission directions, i.e. DL or UL transmissions. The interference to a DL transmission measured at a UE comprises the interference from eNBs with DL transmission and interference from UEs with UL transmission. The interference to an UL transmission measured at an eNB comprises the interference from eNBs with DL transmission and interference from UEs with UL transmission. For the co-channel deployment, only one carrier is considered, i.e. the signal and interference are on the same carrier. For adjacent channel deployment, two carriers are considered, where the interference generated by the opposite transmission direction is on an adjacent channel of the signal carrier. More details of the simulation assumptions are provided in the Appendix.
· Macro-Macro of multiple operators, adjacent channel
Two systems, one for aggressor and one for victim, are deployed on adjacent channels for this case. Both systems include 19 cells and 3 sectors per cell, with cell wrap-around. The aggressor and victim systems are offset by a cell radius, as shown in Figure 1. All cells within the aggressor or victim system are of the same transmission direction, and the transmission direction of the aggressor and victim systems are different. The interference to a DL transmission measured at a UE comprises the interference from eNBs with DL transmission of the same operator and interference from UEs with UL transmission of the other operator. The interference to an UL transmission measured at an eNB comprises interference from UEs with UL transmission of the same operator and interference from eNBs with DL transmission of the other operator. Other simulation assumptions are the same as the Macro-Macro of a single operator case.
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Figure 1: Deployment of aggressor and victim Marco systems 
· Femto-femto, co-channel and adjacent channel case
The simulation setup and output curves for the co-channel and adjacent channel deployment in the femto-femto case are the same as that of the Macro-Macro of a single operator case, except that Macro cells are replaced by Femto cells and Femto cell/UE locations are determined as described in the following Macro-Femto case.
· Macro-femto, co-channel and adjacent channel case

A 19-cell and 3-sectored hexagon system layout is simulated for Macro cells. For Femto cell locations, one block is randomly dropped per sector, with six floors for each block, two strips for each floor, and 20 apartments in each strip. Femto deployment ratio is 0.2 and activation ratio is 50%, with 1 HeNB UE (HUE) for each deployed femto cell. 20 Macro UEs (MUEs) are dropped per cell, with 35% of MUEs randomly and uniformly dropped into the apartments and 65% of MUEs dropped in other areas.  Fractional open-loop UL power control [4] without closed-loop TPC is applied for both MUEs and HUEs. The detailed simulation parameters are provided in the Appendix. 
The Macro cells are of the same transmission direction. Half of the Femto cells (randomly picked) are of different transmission directions, i.e. DL or UL transmissions. The interference to a DL transmission measured at a UE comprises the interference from eNBs with DL transmission and interference from UEs with UL transmission, including both the Macro and Femto cells. The interference to an UL transmission measured at an eNB comprises the interference from eNBs with DL transmission and interference from UEs with UL transmission, including both the Macro and Femto cells. For the co-channel deployment, only one carrier is considered, i.e. the Macro and Femto cells are on the same carrier. For adjacent channel deployment, two adjacent carriers are considered, where Macro cells operate on one carrier and the Femto cells operate on the other carrier. It is noted that the DL and UL geometry for both MUEs and HUEs are provided in the evaluations.
3 Simulation results for homogeneous deployments
3.1 Macro-macro of a single operator
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Figure 2: UL geometry, co-channel (left) and adjacent-channel (right)
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Figure 3: DL geometry, co-channel (left) and adjacent-channel (right)
Figures 2 and 3 show the Macro UE UL and DL geometry respectively, including both co-channel and adjacent channel scenarios. Figure 2 indicates that the Macro UE UL geometry with DL-UL interference is degraded significantly compared to the baseline, due to strong BS-to-BS interference if different TDD UL-DL configurations are applied in different cells. Figure 3, on the other hand, indicates that the Macro UE DL geometry with different transmission directions in different cells improves upon the baseline, since the interference from UE UL transmission can be smaller than the interference from eNB DL transmission.
3.2 Macro-macro of multiple operators
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Figure 4: UL geometry CDF                                                         Figure 5: DL geometry CDF
Figures 4 and 5 provide the UL and DL geometry for macro-macro deployment with multiple operators. Similar to the observations from the macro-macro deployment with a single operator, the macro UE’s UL geometry is significantly degraded due to the DL-UL interference if different TDD UL-DL configurations are applied in different cells. 
3.3 Femto-femto 
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Figure 6: UL geometry, co-channel (left) and adjacent-channel (right)
[image: image10.emf]-5 0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL Geometry of femto UE(dB)

CDF

DL Geometry of HUE (co-channel)

 

 

Baseline: all Femto cells DL

Femto cells UL/DL random

[image: image11.emf]-10 -5 0 5 10 15 20 25 30 35 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL Geometry of femto UE(dB)

CDF

DL Geometry of HUE (adjacent channel)

 

 

Baseline: all Femto cells DL

Femto cells UL/DL random


Figure 7: DL geometry, co-channel (left) and adjacent-channel (right)
Figures 6 and 7 show the Femto UE UL and DL geometry respectively, including both co-channel and adjacent channel scenarios. Due to lower Tx power level of Femto cells, applying different TDD UL-DL configurations does not impact the Femto UE UL geometry compared to the baseline with co-channel deployment. For adjacent channel deployment, with additional interference attenuation due to ACIR, the Femto UE UL and DL geometry could even improve upon the baseline.
4 Simulation results for heterogeneous deployments
For heterogeneous deployment, only macro-femto scenarios are evaluated in this contribution.
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Figure 8: UL geometry, co-channel (left) and adjacent-channel (right)
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Figure 9: DL geometry, co-channel (left) and adjacent-channel (right)
Figures 8 and 9 show the UL and DL geometry for MUEs and HUEs, including both co-channel and adjacent channel scenarios. The following observations can be made:

· For MUE UL and DL geometry, the DL-UL interference caused by the opposite transmission direction in the Femto cells does not impact the MUE UL and DL geometry compared to the baseline without opposite transmission directions. 
· For HUE UL geometry, the DL-UL interference caused by the opposite transmission direction in other Femto cells does not impact the HUE UL geometry, if the MUEs are performing UL transmission. On the other hand, for HUE UL geometry, if the MeNBs are performing DL transmission, the DL-UL interference caused by Macro significantly degrades the HUE UL geometry, especially in the co-channel deployment, as shown in Figure 8. 
· For HUE DL geometry, the DL-UL interference caused by the opposite transmission direction in other Femto cells does not impact the HUE DL geometry, if the MeNBs are performing DL transmission. On the other hand, the HUE DL geometry improves compared to the baseline, if the MUEs are performing UL transmission as shown in Figure 9, since the interference generated by the MUE to the HUE DL transmission can be smaller than the interference generated by the Macro eNB to the HUE DL transmission.
5 Conclusions
In this contribution, we evaluate the UL and DL geometry via system simulation for deployment scenarios with different TDD UL-DL configurations in different cells. Scenarios including homogeneous and heterogeneous network, as well as co-channel and adjacent channel deployment are studied. The evaluation results indicate that allowing different TDD UL-DL configurations in different Femto cells can provide UL and DL geometry similar to the case without DL-UL interference. On the other hand, the DL-UL interference due to different transmission directions in the Macro cell deployment significantly degrades the MUE UL geometry. It is proposed that RAN4 further analyzes the DL-UL interference and its impact on system performance for LTE TDD eIMTA.
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7 Appendix: simulation assumptions
Table 1: Detailed system simulation assumptions for Macro system
	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, wrap‑around

	UE number
	10UEs per sector

	Total eNB TX power (Ptotal)
	46dBm

	Inter-site distance (ISD)
	Case 1
	500 m 

	Distance-dependent

Path loss(dB)
	eNB-UE
	PL=128.1+37.6*log10(R),R in km

	
	eNB-eNB
	PL=98.45+20*log10(R),R in km

	
	OutdoorUE

-outdoorUE
	If R<=50m;PL=98.45+20*log10(R),R in km

If R>50m;PL=55.78 +40*log10(R),R in m (Xia model)

	Shadowing standard deviation


	Macro-UE
	8 dB

	
	UE-UE
	12 dB 

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Minimum distance between UE and BS
	35 m

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to UEs (horizontal 2D)
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 = 65 degrees, Am = 20 dB (65 degree horizontal beamwidth)

	BS antenna gain (incl. cable loss)
	15dBi 

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	eNB noise figure
	5dB

	PC
	alpha
	0.8

	
	P0
	-87


Table 2: Detailed system simulation assumptions for adjacent channel
	Parameter
	Assumption/Value

	ACIR BS-BS
	43dB

	ACIR BS-UE
	33dB

	ACIR UE-BS
	30dB

	ACIR UE-UE
	28dB


BS: included Macro eNB and low power node
Table 3: Macro-cell system assumptions for macro-femto scenario
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	MUE number
	20ues per cell

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	15 dBi

	Antenna pattern for macro eNBs to UEs (horizontal 2D)
	
[image: image18.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image19.wmf]3

dB

q

 = 65 degrees, Am = 20 dB (65 degree horizontal beamwidth)

	Femto antenna gain 
	0 dBi

	Femto antenna pattern
	Omni-directional

	Femto DL power control
	Base on noise ,simple PC

	UL Power control
	Macro UEs
	P0 = -82 dBm; alpha = 0.8

	
	Femto UEs
	P0 = -75dBm; alpha = 0.8 

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Femto Noise Figure
	13dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

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

	UE distribution
	UEs dropped with uniform density within the indoors/outdoors macro coverage area, subject to a minimum separation to macro and HeNBs.

	Minimum distance between UE and cell
	>= 35 m


Table4: Urban-dense HeNB modelling parameters of Dual Stripe Model 
	Parameter
	Assumption

	max number of cells per row 
	10

	number of blocks per cell
	1

	number of floors per block  
	6

	deployment ratio *activation ratio
	0.1

	Femto UE number per active HeNB
	1

	Probability of macro UE being indoors
	35%


Table 5: Path loss models for urban (dense apartment) HeNB deployment 
	Cases
	Path Loss (dB)

	UE to macro BS
	(1) UE is outside 
	PLLOS(R)= 30.8+24.2log10(R) 
PLNLOS(R)= 2.7+42.8log10(R) 
For 2GHz, R in m.

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


	
	(2) UE is inside an apt
	               PLLOS(R)= 30.8+24.2log10(R) + Low
PLNLOS(R)= 2.7+42.8log10(R) + Low
For 2GHz, R in m
Prob(R)=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)


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


	  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 femto BS

	
	(4) Dual-stripe model: UE is outside the apt stripe
	PL (dB) = max(2.7+42.8 log10 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 

	
	(5) Dual-stripe model: UE is inside a different apt stripe
	PL(dB) = max(2.7+42.8 log10 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


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.
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