1 Results for Deterministic approach
1.1: Results and discussion from CATT
The deterministic analysis for BS-BS co-existence is shown in Table 1-1.

Table 1-1: Results of deterministic approach
	Scenario
	Pathloss model
	Aggressor Tx power
(dBm)
	Victim acceptable interference (dBm)1
	Minimum separation distance
(km)

	Femto ->Femto 
	Co-channel 
	PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q,  

R and d2D,indoor in m 

q is the number of walls separating apartments between HeNB and HeNB,  q could be expressed as floor(R/10)
	20
	-98.5
	0.04

	Femto ->Macro 
	Adjacent channel
	PL(R)= 128.1 + 37.6log10(R)+ Low, 

R in kilometers

Low is the penetration loss of an outdoor wall, which is 20dB.
	20
	-106.5
	0.05

	Macro ->Femto 
	Adjacent channel
	
	46
	-98.5
	0.14

	Outdoor Pico->outdoor Pico
	Co-channel
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)               [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km
	24
	-98.5
	5.82

	
	
	NLOS: PL= 40log10(R)+169.36, R in km
	
	
	0.12

	Outdoor Pico->Macro 
	Adjacent channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	1.95

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.33

	Macro BS->outdoor Pico
	Adjacent channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	7.68

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.79

	Note1: the reference sensitivity of 10MHz BW is taken for example.

Note2: in the calculation the antenna gain used for Femto, outdoor Pico and Macro are 0dBi, 5dBi and 15dBi respectively. 

Note3: For adjacent channel case the 43dB ACIR is considered for BS-BS. 


1.2: Results and discussion from Ericsson
The deterministic analysis for BS-BS co-existence is shown in Table 1-2.

Table 1-2: Results of deterministic approach

	Scenario
	Pathloss model
	Aggressor Tx power
(dBm)
	Victim acceptable interference (dBm)1
	Minimum separation distance
(km)

	Femto ->Femto 
	Co-channel 
	PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q,  

R and d2D,indoor in m 

q is the number of walls separating apartments between HeNB and HeNB,  q could be expressed as floor(R/10)
	20
	-98.5
	0.07

	Femto ->Macro 
	Adjacent channel
	PL(R)= 128.1 + 37.6log10(R)+ Low, 

R in kilometers

Low is the penetration loss of an outdoor wall, which is 20dB.
	20
	-106.5
	0.05

	Macro ->Femto 
	Adjacent channel
	
	46
	-98.5
	0.14

	Outdoor Pico->outdoor Pico
	Co-channel
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)               [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km
	24
	-98.5
	5.82

	
	
	NLOS: PL= 40log10(R)+169.36, R in km
	
	
	0.12

	Outdoor Pico->Macro 
	Adjacent channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	0.73

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.33

	Macro BS->outdoor Pico
	Adjacent channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	7.68

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.79

	Note1: the reference sensitivity of 10MHz BW is taken for example.

Note2: in the calculation the antenna gain used for Femto, outdoor Pico and Macro are 0dBi, 5dBi and 15dBi respectively. 

Note3: For adjacent channel case the 43dB ACIR is considered for BS-BS. 


1.3: Results and discussion from ZTE

Single layer network

Single layer network includes outdoor Pico – outdoor Pico co-channel and Femto – Femto co-channel scenarios. Required minimum separation distance are calculated as below,

Table 1-3: Results of deterministic approach for single layer deployment 

	aggressor -> victim
	used path loss model
	minimum distance R

	Pico->Pico
	PLLOS (R) = 101.9+40log10(R)
	5.82 (km)

	
	PLNLOS= 40log10(R)+169.36
	0.12 (km)

	Femto->Femto
	PL(R) = 38.46 + 20 log10R + 0.7d2D, indoor+ 5q
	HeNB placed in 1st next apartment
	2523.48 (m)

	
	
	2nd next apartment
	633.87 (m)

	
	
	3rd next apartment
	159.22 (m)

	
	
	4th next apartment
	39.99 (m)

	
	
	5th next apartment
	10.046 (m)


Dual layer network

Dual layer network includes Macro – outdoor Pico adjacent channel and Macro – Femto adjacent channel scenarios. Required minimum separation distance are calculated as below,

Table 1-4: Results of deterministic approach for dual layer deployment
	1st adjacent channel 
	aggressor -> victim
	used path loss model
	minimum distance R (km)

	
	Macro->Pico
	100.7+23.5log10(R)
	7.68

	
	
	125.2+36.3log10(R)
	0.79

	
	Pico->Macro
	100.7+23.5log10(R)
	1.95

	
	
	125.2+36.3log10(R)
	0.32

	
	Macro->Femto
	128.1 + 37.6log10(R)+ Low
	0.49

	
	Femto->Macro
	128.1 + 37.6log10(R)+ Low
	0.16

	2nd adjacent channel 
	aggressor -> victim
	used path loss model
	minimum distance R (km)

	
	Macro->Pico
	100.7+23.5log10(R)
	4.7

	
	
	125.2+36.3log10(R)
	0.58

	
	Pico->Macro
	100.7+23.5log10(R)
	1.19

	
	
	125.2+36.3log10(R)
	0.24

	
	Macro->Femto
	128.1 + 37.6log10(R)+ Low
	0.36

	
	Femto->Macro
	128.1 + 37.6log10(R)+ Low
	0.12

	Spurious domain
	aggressor -> victim
	used path loss model
	minimum distance R (km)

	
	Macro->Pico
	100.7+23.5log10(R)
	1.32

	
	
	125.2+36.3log10(R)
	0.25

	
	Pico->Macro
	100.7+23.5log10(R)
	0.33

	
	
	125.2+36.3log10(R)
	0.1

	
	Macro->Femto
	128.1 + 37.6log10(R)+ Low
	0.16

	
	Femto->Macro
	128.1 + 37.6log10(R)+ Low
	0.05


Conclusion：
For single layer deployment,

· A large minimum distance is necessary for out door Pico-Pico co-channel deployment for TDD UL/DL link dynamic configuration.

· 2 HeNBs must separate at least 4 apartments to be active simultaneously for TDD UL/DL dynamic configuration.

For dual layer deployment,

· Macro DL may cause interference to Pico UL in 1ST and 2nd adjacent channel deployment for TDD UL/DL link dynamic configuration.

· For other dual layers deployment, TDD UL-DL link dynamic configuration is practical.
1.4 Results and discussion from Huawei
Requirement 1: Interference signal mean power is 7 dB lower than noise floor;

Requirement 2: Interference signal mean power is the level in dynamic range requirement.

Table 1-5: Required minimum separation distance (km) for Pico to Pico at co-channel

	Interference mechanism (Co-channel)
	Pathloss - LOS
	Pathloss - NLOS

	
	Requirement 1
	Requirement 2
	Requirement 1
	Requirement 2

	Pico->Pico
	5.807
	1.2307
	0.120
	0.025


Table 1-6: Required minimum separation distance (km) for Macro to Pico at adjacent channel

	Interference mechanism (Adjacent channel)
	Pathloss - LOS
	Pathloss - NLOS

	
	Requirement 1
	Requirement 2
	Requirement 1
	Requirement 2

	Macro->Pico
	7.644
	0.545
	0.789
	0.143

	Pico->Macro
	1.939
	0.138
	0.325
	0.0587


Table 1-7: Required minimum separation distance (km) for Femto to Femto at co-channel

	Interference mechanism (Adjacent channel)
	Requirement 1
	Requirement 2

	Femto -> Femto
	0.040
	0.0046


Table 1-8: Required minimum separation distance (km) for Macro to Femto at adjacent channel

	Interference mechanism (Adjacent channel)
	Requirement 1
	Requirement 2

	Macro-> Femto
	0.144
	0.003

	Femto ->Macro
	0.048
	0.009


1.5: Results and discussion from Nokia and NSN
The deterministic analysis for BS-BS co-existence is shown in Table 1-9.

Table 1-9: Results of deterministic approach

	Scenario
	Pathloss model
	Aggressor Tx power
(dBm)
	Victim acceptable interference (dBm)1
	Minimum separation distance
(km)

	Femto ->Femto 
	Co-channel 
	PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q,  

R and d2D,indoor in m 

q is the number of walls separating apartments between HeNB and HeNB,  q could be expressed as floor(R/10),

we assume d2D,indoor =R, q=1 for a stringent case  


	20
	-98.5
	0.057

	Femto ->Macro 
	Adjacent channel
	PL(R)= 128.1 + 37.6log10(R)+ Low, 

R in kilometers

Low is the penetration loss of an outdoor wall, which is 20dB.
	20
	-106.5
	0.048

	Macro ->Femto 
	Adjacent channel
	
	46
	-98.5
	0.144

	Outdoor Pico->outdoor Pico
	Co-channel
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)               [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km
	24
	-98.5
	5.821 

	
	
	NLOS: PL= 40log10(R)+169.36, R in km
	
	
	0.120

	Outdoor Pico->Macro 
	Adjacent channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	1.947

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.329

	Macro BS->outdoor Pico
	Adjacent channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	7.675

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.792

	Note1: the reference sensitivity of 10MHz BW is taken for example.

Note2: in the calculation the antenna gain used for Femto, outdoor Pico and Macro are 0dBi, 5dBi and 15dBi respectively. 

Note3: For adjacent channel case the 43dB ACIR is considered for BS-BS. 


1.6: Results and discussion from LGE
The deterministic analysis for BS-BS co-existence is shown in Table 1-10.
Table 1-10: Results of deterministic approach

	Scenario
	Pathloss model
	Aggressor Tx power
(dBm)
	Victim acceptable interference (dBm)1
	Minimum separation distance
(km)

	Outdoor Pico->outdoor Pico
	Co-channel
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)               [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km
	24
	-98.5
	5.81

	
	
	NLOS: PL= 40log10(R)+169.36, R in km
	
	
	0.12

	Outdoor Pico->Macro 
	Adjacent channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	1.94

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.33

	Macro BS->outdoor Pico
	Adjacent channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	7.65

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.79

	[Note1]: the reference sensitivity of 10MHz BW is taken for example.

[Note2]: in the calculation the antenna gain used for outdoor Pico and Macro are 5dBi and 15dBi respectively. 

[Note3]: For adjacent channel case the 43dB ACIR is considered for BS-BS. 


1.7: Results and discussion from Renesas Mobile Europe
Table 1-11: Results of deterministic approach

	Scenario
	Pathloss model
	Aggressor Tx power
(dBm)
	Victim acceptable interference (dBm)1
	Minimum separation distance
(km)

	Femto ->Femto 
	Co-channel 
	PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q,  

R and d2D,indoor in m 

q is the number of walls separating apartments between HeNB and HeNB,  q could be expressed as floor(R/10)
	20
	-98.5
	0.040

	Femto ->Macro 
	Adjacent channel
	PL(R)= 128.1 + 37.6log10(R)+ Low, 

R in kilometers

Low is the penetration loss of an outdoor wall, which is 20dB.
	20
	-106.5
	0.048

	Macro ->Femto 
	Adjacent channel
	
	46
	-98.5
	0.144

	Outdoor Pico->outdoor Pico
	Co-channel
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)               [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km
	24
	-98.5
	5.821

	
	
	NLOS: PL= 40log10(R)+169.36, R in km
	
	
	0.120

	Outdoor Pico->Macro 
	Adjacent channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	1.947

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.325

	Macro BS->outdoor Pico
	Adjacent channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	7.675

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.791

	Note1: the reference sensitivity of 10MHz BW is taken for example.

Note2: in the calculation the antenna gain used for Femto, outdoor Pico and Macro are 0dBi, 5dBi and 15dBi respectively. 

Note3: For adjacent channel case the 43dB ACIR is considered for BS-BS. 


1.8: Results and discussion from Intel
Table 1-12: Results of deterministic approach

	Scenario
	Pathloss model
	Aggressor Tx power
(dBm)
	Victim acceptable interference (dBm)1
	Minimum separation distance
(km)

	Femto ->Femto 
	Co-channel 
	PL(R) = 38.46 + 20 log10R + 0.7d2D,indoor+ 5q,  

R and d2D,indoor in m 

q is the number of walls separating apartments between HeNB and HeNB,  q could be expressed as floor(R/10)
	20
	-98.5
	0.04

	Femto ->Macro 
	Adjacent channel
	PL(R)= 128.1 + 37.6log10(R)+ Low, 

R in kilometers

Low is the penetration loss of an outdoor wall, which is 20dB.
	20
	-106.5
	0.048

	Macro ->Femto 
	Adjacent channel
	
	46
	-98.5
	0.144

	Outdoor Pico->outdoor Pico
	Co-channel
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R)               [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km
	24
	-98.5
	5.82

	
	
	NLOS: PL= 40log10(R)+169.36, R in km
	
	
	0.12

	Outdoor Pico->Macro 
	Adjacent channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	1.94

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.32

	Macro BS->outdoor Pico
	Adjacent channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	7.67

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.79

	Note1: the reference sensitivity of 10MHz BW is taken for example.

Note2: in the calculation the antenna gain used for Femto, outdoor Pico and Macro are 0dBi, 5dBi and 15dBi respectively. 

Note3: For adjacent channel case the 43dB ACIR is considered for BS-BS. 


1.9: Results and discussion from Alcatel Lucent

The results are provided in R4-120335. It is noted that the results in R4-120335 are generated with a different approach than the agreed approach in the Phase 1 and Phase 2 email discussion. 

Table 1-13: Required Additional Isolation, ISD = 500m
	Deployment Scenarios
	BS-BS Isolation (dB)
	Notes

	Macro-Macro
	Co-channel
	86.6 dB
	Additional isolation in addition to the 500m free space propagation loss.  

	
	Adjacent channel
	41.6 dB
	

	
	Non Adjacent Channel
	35.6 dB
	

	Macro-Outdoor Pico 
	Co-channel
	46.7 dB
	NLOS path loss model is used 

	
	Adjacent channel
	1.7 dB
	 

	
	Non Adjacent Channel
	- 4.3 dB
	

	Macro-Femto 
	Co-channel
	19.2 dB
	Indoor BS with 20dB wall loss

	
	Adjacent channel
	- 25.8 dB
	

	
	Non Adjacent Channel
	-31.8 dB
	


Table 1-14: Required Additional Isolation, ISD = 1732m
	Deployment Scenarios
	BS-BS Isolation (dB)
	Notes

	Macro-Macro
	Co-channel
	75.8 dB
	Additional isolation in addition to the 1732m free space propagation loss.  

	
	Adjacent channel
	30.8 dB
	

	
	Non Adjacent Channel
	24.8 dB
	

	Macro-Outdoor Pico 
	Co-channel
	27.1 dB
	NLOS path loss model is used 

	
	Adjacent channel
	- 17.9 dB
	 

	
	Non Adjacent Channel
	- 23.9 dB
	

	Macro-Femto 
	Co-channel
	- 1.1 dB
	Indoor BS with 20dB wall loss

	
	Adjacent channel
	- 46.1 dB
	

	
	Non Adjacent Channel
	- 52.1 dB
	


2 Static system simulation result for Macro/Femto scenario
2.1: Results and discussion from CATT
	Femto-Femto co-channel with power control
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	Femto-Femto co-channel without power control
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	Femto-Macro adjacent channel
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MUE baseline: all Macro and Femto cells UL

HUE baseline: all Macro and Femto cells UL

MUE: all Macro cells UL and Femto cells UL/DL random

HUE: all Macro cells UL and Femto cells UL/DL random

HUE: all Macro cells DL and Femto cells UL/DL random
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MUE baseline: all Macro and Femto cells DL

HUE baseline: all Macro and Femto cells DL

MUE: all Macro cells DL and Femto cells UL/DL random

HUE: all Macro cells DL and Femto cells UL/DL random

HUE: all Macro cells UL and Femto cells UL/DL random



	Note: Femto cells UL/DL random in above figures refers to the case where the transmission direction of a Femto cell is randomly set as DL or UL with a probability of 50%.


Observations:

· For Femto-Femto co-channel case, with DL power control for Femto cells, applying different TDD UL-DL configurations does not impact the Femto UE DL and UL geometry compared to the baseline. If the Femto BSs always transmit at the maximum output power, the UL geometry depravation will be considerable while the DL geometry improves compared to the baseline. 

· For Femto-Macro adjacent channel case:

· 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 with the same transmission direction in all cells. 

· 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 Macro eNBs are performing DL transmission, the DL-UL interference caused by Macro significantly degrades the HUE UL geometry as shown in the figure.
· 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 the figure, 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.

2.2: Results and discussion from ZTE

	Femto-Femto co-channel with power control(SNR=10dB)
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Baseline:All Femto Cells UL

Femto Cells UL/DL Random
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Baseline:All Femto Cells DL
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	Femto-Femto co-channel without power control
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Baseline:All Femto Cells UL

Femto Cells UL/DL Random
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	Femto-Macro adjacent channel
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MUE Baseline:All Macro and LPN Cells UL

LPN UE Baseline:All Macro and LPN Cells UL

MUE:All Macro Cells UL and LPN Cells UL/DL Random

LPN UE:All Macro Cells UL and LPN Cells UL/DL Random

LPN UE:All Macro Cells DL and LPN Cells UL/DL Random
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	Femto-Macro adjacent channel
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MUE Baseline:All Macro and LPN Cells UL
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MUE Baseline:All Macro and LPN Cells DL

LPN UE Baseline:All Macro and LPN Cells DL
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· Observation：for Femto co-channel scenario, the geometry are acceptable at both Femto-BS and Femto-UE sides, so the TDD UL/DL randomly configuration is practice.
· Observation: for Macro-Femto adjacent channel scenario, the geometry are acceptable at all BS and UE sides, so the TDD UL/DL randomly configuration is practice.
2.3: Results and discussion from Huawei

	Femto-Femto co-channel without power control
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	Femto-Macro adjacent channel without power control
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Table 2.3-1 UL Throughput loss for Femto to Femto at Co-channel

	UL/DL configuration
	Femto UL average throuput loss
	Femto UL edge throuput loss

	Femto UL
	0
	0

	Femto Random
	-60.3%
	-100%


Table 2.3-2 DL Throughput loss for Femto to Femto at Co-channel

	UL/DL configuration
	Femto DL average throuput loss
	Femto DL edge throuput loss

	Femto DL
	0
	0

	Femto Random
	6.3%
	46%


Table 2.3-3 UL Throughput loss for Macro to Femto at adjancent channel

	UL/DL configuration
	Macro UL average throughput loss
	Macro UL edge throughput loss 
	Femto UL average throuput loss
	Femto UL edge throuput loss

	Macro UL, Femto UL
	　0
	0　
	　0
	0　

	Macro UL, Femto Random 
	　-1.66%
	-0.76%　
	-60.3%　
	　-100%

	Macro DL, Femto Random 
	-　
	-　
	-61.1%　
	　-100%


Table 2.3-4 DL Throughput loss for Macro to Femto at adjancent channel

	UL/DL configuration
	Macro DL average throughput loss
	Macro DL edge throughput loss
	Femto DL average throuput loss
	Femto DL edge throuput loss

	Macro DL, Femto DL
	0　
	0　
	0　
	0　

	Macro DL, Femto Random 
	　0.05%
	0　
	　6.4%
	  46.5%

	Macro UL, Femto Random 
	-　
	-　
	　6.4%
	　46.5%


Summary
· Applying different TDD UL-DL configurations has improvement on DL performance because a part of interference from aggressor BS become of aggressor UE which transmit lower power.

· Applying different TDD UL-DL configurations has great impact on UL performance because a part of interference from aggressor UE become of aggressor BS which transmit higher power. The interference at Macro BS from Femto BS  can be ignored but the interference at Femto BS from both Femto BS and Macro BS has great impact, the interference management method should be studied between both Femto – Femto and Macro – Femto scenario.

2.4: Results and discussion from Nokia and NSN
	Femto-Femto co-channel with power control
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	Femto-Femto co-channel without power control
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	Femto-Macro adjacent channel
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From the Simulation Results, the following conclusions can be drawn:

· Conclusion 1: The UL-DL interference introduced by flex-TDD is negligible in Femto-Femto scenario with DL Femto power control.

· Conclusion 2: The UL-DL interference introduced by flex-TDD is high in Femto-Femto scenario with DL full power transmission from the Femto BS.
· Conclusion 3: The UL-DL interference introduced by flex-TDD is negligible for Macro network and is acceptable for Femto network in Macro-Femto scenario with DL Femto power control
And from the deterministic analysis and the simulation results comparison, we have the observation that DL power control is necessary for Femto BS coexistence under flexible UL/DL configurations in order to minimize the difference between DL and UL interference and thus alleviated the UL-DL interference introduced by flex-TDD. And with the DL power control, the Femto-Femto co-channel coexistence and Femto-Macro adjacent channel coexistence are feasible under flexible UL/DL configurations.

2.5: Results and discussion from Intel
	Femto-Femto co-channel with reduced TX power
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	Femto-Femto co-channel with maximum TX power
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	Femto-Macro adjacent channel with reduced TX power
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MUE: 100% UL Macro, 100% UL Femto

MUE: 100% UL Macro, 50% DL+50% UL Femto
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FUE: 100% UL Macro, 100% UL Femto
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MUE: 100% DL Macro, 100% DL Femto

MUE: 100% DL Macro, 50% DL+50% UL Femto
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	Femto-Macro adjacent channel with maximum TX power
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MUE: 100% UL Macro, 100% UL Femto
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FUE: 100% UL Macro, 100% UL Femto

FUE: 100% DL Macro, 50% DL+50% UL Femto
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MUE: 100% DL Macro, 100% DL Femto

MUE: 100% DL Macro, 50% DL+50% UL Femto


[image: image32.emf]-10 0 10 20 30 40 50 60 70

0

0.2

0.4

0.6

0.8

1

CDF

SINR, dB

FUE DL SINR, Adjacent Channel, Femto Tx Power 20 dBm

 

 

FUE: 100% DL Macro, 100% DL Femto

FUE: 100% DL Macro, 50% DL+50% UL Femto

FUE: 100% UL Macro, 50% DL+50% UL Femto




The following observations can be made from the provided results:

Femto-Femto Co-Channel scenario:

· In case of using the maximum DL transmission power (20 dBm) the DL geometry SINR is limited by the DL inter-cell interference. If a part of the Femto cells is switched from DL to UL then the DL geometry SINR is increased resulting in very high SINR.

· If Femto station maximum transmission power is reduced to -10dBm the DL geometry SINR almost does not depend on transmission directions in neighboring Femto cells while still providing high SINR values for the majority of UEs.

· In case of using the maximum DL transmission power (20 dBm) the UL geometry SINR significantly degrades if a part of the Femto stations is switched from UL to DL. The impact of DL interference in this case leads to impractical UL SINR ranges for the majority of UEs.

· If Femto station maximum transmission power is reduced to -10dBm the UL geometry SINR becomes insensitive to the opposite transmission in neighboring Femto cells.
Femto-Macro Adjacent Channel scenario:

· For the considered case of the adjacent channel the DL and UL performance of Macro UEs is insensitive to the transmission direction in Femto cells.

· The DL SINR performance of Femto UEs depends on the Femto transmission power
· Maximum power Femto station transmission mode: 
· DL SINR of Femto UEs is sensitive to transmission directions in neighboring Femto cells and improves when the part of Femto stations change their transmission directions from DL to UL.

· DL SINR improvement is observed in high SINR region when Macro stations change their transmission direction from DL to UL

· Reduced power Femto station transmission mode:

· DL SINR of Femto UEs is not sensitive to the transmission directions in neighboring Femto cells and improves if Macro stations are switched from DL to UL.

· DL SINR of Femto UEs degrades comparing to the case when there are no Macro stations in the adjacent channel.

· The UL SINR of Femto UEs depends on the Femto power transmission mode:
· Maximum power Femto station transmission mode:

· UL SINR of Femto UEs significantly degrades due to strong DL inter-cell interference from Femto cells and in this case it is insensitive to the Macro cell transmission direction

· Reduced power Femto station transmission mode:

· UL SINR if Femto UEs almost does not depend on transmission directions in Femto cells but slightly degrades (< 3dB) if Macro cells are switched from UL to DL.

2.6: Results and discussion from Renesas Mobile Europe
	Femto-Femto co-channel with power control
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	Femto-Femto co-channel without power control
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	Femto-Macro adjacent channel
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3  Static system simulation result for Macro/Pico scenario

3.1: Results and discussion from CATT
	Pico-Pico co-channel without any interference mitigation scheme
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	Pico-Pico co-channel with interference mitigation scheme
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	Pico-Macro adjacent channel without any interference mitigation scheme
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	Pico-Macro adjacent channel with interference mitigation scheme
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	Note 1: Pico cells UL/DL random in above figures refers to the case where the transmission direction of a Pico cell is randomly set as DL or UL with a probability of 50%.

Note 2: The interference mitigation scheme adopted in the simulation shall fulfill the following: 

· the transmission direction of a Pico cell shall be the same with the Macro cell if the coupling loss between the Pico and Macro is less than a threshold X; and

· the transmission direction of a Pico cell shall be the same with another Pico cell if the coupling loss between the two Pico cells is less than a threshold Y;

· otherwise the transmission direction of the Pico cell is randomly set as DL or UL with a 50% probability.

· The value of X is 70 dB and the candidate values of Y are 60, 70, or 80 dB.


Observations:

· For outdoor Pico-outdoor Pico co-channel case, the UL geometry without any interference mitigation scheme is degraded significantly compared to the baseline, due to strong Pico-to-Pico interference if different TDD UL-DL configurations are applied in different Pico cells. With interference mitigation scheme, the UL geometry can be close to the baseline. The 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 Pico DL transmission.
· For Macro-outdoor Pico adjacent case:

· For MUE UL geometry, the DL-UL interference caused by the opposite transmission direction in the outdoor Pico cells impacts the MUE UL geometry compared to the baseline with the same transmission direction in all cells.
· For MUE DL geometry, the DL-UL interference caused by the opposite transmission direction in the outdoor Pico cells does not impact the MUE DL geometry significantly, compared to the baseline with the same transmission direction in all cells.
· For PUE UL geometry without interference mitigation scheme, the DL-UL interference caused by the opposite transmission direction in other outdoor Pico cells degrades the PUE UL geometry, assuming the MUEs are performing UL transmissions. With interference mitigation scheme, the PUE UL geometry with DL-UL interference from neighboring Pico cells is very close to the baseline, assuming the MUEs are performing UL transmissions.

· For PUE DL geometry, the PUE DL geometry improves compared to the baseline, since the interference generated by the MUEs or PUEs in the neighboring cells can be smaller than the interference generated by the DL transmission from Macro eNB or Pico eNB in the neighboring cells.
3.2: Results and discussion from Ericsson
	Pico-Pico co-channel without any interference mitigation scheme
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	Pico-Macro adjacent channel without any interference mitigation scheme
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PUE: all macro cells UL and pico cells UL/DL random

PUE Baseline: all pico and macro cells UL
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	Note 1: In all these simulations UEs are connected to Pico base stations. 

Note 2: The transmission direction in Pico cells is randomly set as DL or UL with a probability of 50%.


3.3: Results and discussion from ZTE

	Pico-Pico co-channel without any interference mitigation scheme
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	Pico-Macro adjacent channel without any interference mitigation scheme
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· Observation: for outdoor Pico co-channel scenario, heavy interference will be addressed at Pico-BS side, while the geometry at P-UEs side is acceptable.

· Observation: for Macro-out door Pico adjacent channel scenario, heavy interference will be addressed at Pico-BS side, while the geometry at Macro-BS, M-UEs, P-UEs side is acceptable.

3.4: Results and discussion from Samsung 
	Pico-Pico co-channel without any interference mitigation scheme
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	Pico-Macro adjacent channel without any interference mitigation scheme
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	Note 1: The P_DL in the label means that all Pico cells are set downlink, P_UL in the label means that all Pico cells are set uplink and P_Random means Pico cells are randomly set as downlink or uplink with each 50% probability. 

Note 2: the M_DL/P_DL in the label means that all Macro/Pico cells are set downlink, M_UL/P_UL in the label of the figure means that all Macro/Pico cells are set uplink, and P_Random means Pico cells are randomly set as downlink or uplink each with 50% probability.


Observation 1: For Pico-to-Pico, it has observed that with co-channel randomized TDD transmission, some of the UEs are with very bad performance. Some strategy should be applied to isolate these victims from their neighbour aggressors.
Observation 2: For Macro-to-Pico, even considering the Macros and Picos being scheduled in difference channels, the uplink performance of both Macro cells and Picos cells are hard to use when Macros and Picos are set in different directions. Further isolation (i.e. in the time domain) should be considered when they are set in various directions.

3.5: Results and discussion from Huawei

	Pico-Pico co-channel without any interference mitigation scheme
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	Pico-Pico co-channel with interference mitigation scheme
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	Pico-Macro adjacent channel without any interference mitigation scheme
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	Pico-Macro adjacent channel with interference mitigation scheme
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Pico to Pico(co-channel)

For UL geometry, we give two kinds of results when Pico can randomly set as DL or UL with a 50% probability. One is without interference management to show a real interference scenario, the other is considering Pico to Pico interference management.   

Table 3.5-1: UL Throughput loss for Pico to Pico at Co-channel

	UL/DL configuration
	Pico UL average throuput loss
	Pico UL edge throuput loss

	Pico UL
	0
	0

	Pico Random

without interferance management
	-28.4%
	-100%

	Pico Random

with interferance management
	8.6%
	20.3%


Table 3.5-2 DL Throughput loss for Pico to Pico at Co-channel

	UL/DL configuration
	Pico DL average throuput loss
	Pico UL edge throuput loss

	Pico DL
	0
	0

	Pico Random
	12.4%
	21.5%


Macro to Pico(adjancent-channel)
For UL geometry, we give two kinds of results when Pico can randomly set as DL or UL with a 50% probability. One is without interference management to show a real interference scenario, the other is considering Pico to Pico interference management, but no Macro to Pico interference management.
Table 3.5-3: UL Throughput loss for Macro to Pico at adjancent channel

	UL/DL configuration
	Macro UL average throughput loss
	Macro UL edge throughput loss
	Pico UL average throughput loss
	Pico UL edge throuput loss

	Macro UL, Pico UL
	　0
	　0
	　0
	　0

	Macro UL, Pico Random 

without interferance management
	　-35.7%
	  -61.4%
	　-31.3%
	　-100%

	Macro UL, Pico Random 

with interferance management
	　-35.7%
	　-61.4%
	　6%
	　20%

	Macro DL, Pico Random 

without interferance management
	　-
	　-
	　-74.3%
	　-100%

	Macro DL, Pico Random 

with interferance management
	　-
	　-
	　-60%
	　-100%



Table3.5-4: DL Throughput loss for Macro to Pico at adjancent channel


	UL/DL configuration
	Macro DL  average throughput loss
	Macro DL edge  throughput loss
	Pico DL average  throuput loss
	Pico DL edge throuput loss

	Macro DL, Pico DL
	　0
	　0
	　0
	　0

	Macro DL, Pico Random 
	0.1%
	0.3%
	  9.6%
	41.7%

	Macro UL, Pico Random 
	　-
	-　
	　9.5%
	41.8%　


Summary
· Applying different TDD UL-DL configurations has improvement on DL performance because a part of interference from aggressor BS become of aggressor UE which transmit lower power.

· Applying different TDD UL-DL configurations has great impact on UL performance because a part of interference from aggressor UE become of aggressor BS which transmit higher power. The interference management method should be studied between both Pico – Pico and Macro – Pico scenario if TDD flexible UL-DL configurations could be used.

3.6: Results and discussion from Nokia and NSN
	Pico-Pico adjacent channel with/without any interference mitigation scheme
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	Macro-Pico adjacent channel with/without any interference mitigation scheme
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	Note 1: baseline in the label means that all Macro and Pico cells are set as the same transmission direction; case 2 means Pico cells are randomly set as downlink or uplink with each 50% probability. Case 3 with threshold means with interference mitigation scheme (Pico cells with coupling loss less than the threshold are set to the same transmission direction)


Observation 1: For Pico-to-Pico, some of the UEs are suffered from strong DL(UL interference from nearby Pico cells. Interference mitigation scheme such as case 3 can isolate these victims from their neighboring aggressors.
Observation 2: For Macro-to-Pico, the Pico UL UE are suffered from Macro BS and additional Pico BS from other sectors. Interference mitigation scheme such as case 3 should be used to isolate these victims from their neighboring aggressors.

3.7: Results and discussion from LGE

[NOTE] In R4-120867, DL/UL geometry of a specific UE in simulation is defined as an average of temporal DL/UL geometry values, which were acquired whenever UE is executing DL/UL communication with its serving eNB in predetermined simulation time. However, for the consistency of simulation analysis, we provide additional simulation results based on the DL/UL geometry calculation method applied in contributions of other companies. Our proposals described in R4-120867 are not changed.

	Pico-Pico co-channel without any interference mitigation scheme
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[Note 1]: In all these simulations, UEs are connected to Pico base stations.
[Note 2]: Pico cells UL/DL random in above figures refers to the case where the transmission direction of a Pico cell is randomly set as DL or UL with a probability of 50%.


	Pico-Macro adjacent channel without any interference mitigation scheme
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 [Note 1]: Pico cells UL/DL random in above figures refers to the case where the transmission direction of a Pico cell is randomly set as DL or UL with a probability of 50%.



Observations:

For outdoor Pico-outdoor Pico co-channel case:
· Applying different TDD UL-DL configurations degrades PUE UL geometry compared to the baseline (i.e., all Pico cells UL) with co-channel deployment.
· If different TDD UL-DL configurations are applied to Pico cells, PUE DL geometry will be improved compared with the baseline (i.e., all Pico cells DL). This is mainly because UL interference generated by PUEs in other Pico cells to the PUE DL transmission is smaller than DL interference generated by other Pico cells to the PUE DL transmission.

For Macro-outdoor Pico adjacent case:
· MUE DL geometry compared to the baseline (i.e., all Macro and Pico cells DL) which does not have the opposite transmission direction is not influenced by UL interference caused by the opposite transmission direction in Pico cells.
· When MeNBs are executing DL transmission, we can have improved Pico UE (PUE) DL geometry than those of baseline (i.e., all Macro and Pico cells DL), since UL interference generated by PUEs in other Pico cells to the PUE DL transmission is smaller than DL interference generated by other Pico cells to the PUE DL transmission.
· When MUEs are executing UL transmission, PUE DL geometry improves compared to the case of “all Macro DL and Pico cells UL/DL random”, because UL interference generated by MUE to the PUE DL transmission can be smaller than DL interference generated by Macro eNB to the PUE DL transmission.
· When MeNBs are executing DL transmission, DL interference caused by Macro and Pico cell significantly degrades PUE UL geometry.
· When MUEs are executing UL transmission, DL interference caused by the opposite transmission direction in other Pico cells degrades PUE UL geometry.
3.8: Results and discussion from Intel
	Pico-Pico co-channel without any interference mitigation scheme
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	Pico-Macro adjacent channel without any interference mitigation scheme
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The main observations that can be drawn from the presented interference analysis are as follows:

Pico-Pico co-channel scenario:

· The DL-UL interference in outdoor Pico cell scenario has substantial impact on the DL and UL geometry SINR so that outdoor Pico cells cannot be considered as isolated cells in both transmission directions.

· The DL geometry SINR is improved once half of the Pico stations are switched to UL transmission mainly due to the reduction of the DL inter-cell interference level. 
· The UL geometry SINR is very sensitive to the DL inter-cell interference. A significant UL SINR degradation (>30 dB) is observed for 35% of UL transmissions. The UL SINR degradation for the remaining UL transmissions is in the 2 to 7 dB range.
Macro-Pico adjacent channel scenario:

· The Macro UEs DL geometry SINR is insensitive to the transmission direction of Pico stations operating in adjacent channel.

· The Macro UEs UL geometry SINR experiences 3-4 dB degradation when half of the Pico stations are switched from UL to DL transmission direction and about 5-6 dB if all Pico stations have opposite transmission direction.

· The Pico UEs DL geometry SINR is mainly limited by co-channel DL inter-cell interference from Pico stations and almost does not depend on the transmission direction in Macro cells. The performance is only improved if part of the Pico stations is switched to UL.

· The Pico UEs UL geometry SINR is very sensitive to transmission directions in both Macro and Pico cells. The UL geometry SINR significantly degrades if Macro cells and/or half of the Pico cells have opposite transmission directions.
To conclude the feasibility analysis of outdoor Pico-Pico scenario in co-channel and Macro-Pico in adjacent channels an additional study of the methods that reduce the negative impact from the DL-UL interference would be beneficial. From this perspective the performance evaluation under an assumption of using interference management techniques may be recommended.

\
4 Some more optimize simulations
4.1 Results and discussion from ZTE

Some optimized method can be taken for performance improvement as followed:

· Reducing the number of Picos in each Sector.

· Enlarging the minim distance between Pico-BS.

· Adjusting the Pico-BS power control.

· Macro and Pico could operator in 2nd or more far-off adjacent channel.

Hereby we provide primary simulation results with a simple example of optimization method: 

Number of Pico cells per sector =2; Minimum distance between outdoor Pico cells = 100 m; UL Power control Pico-UE: P0 = -66 dBm

Other assumptions are kept same as in Macro-out door Pico case. 
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Figure: Macro – outdoor Pico adjacent channel deployment (number of Pico cells=2)
· Observation: With some optimize methods even the interference at Pico-BS side could be reduced into a acceptable range, as a result, the adaptive link configuration turns to possible.
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