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1.  Introduction

After RAN4#62, the email discussions on the second batch evaluation for Rel-11 SI FS_LTE_TDD_eIMTA were proceeded and 3 scenarios were identified for batch 2 evaluation as following:

· Femto-Macro co-channel single operator case;

· Outdoor Pico-macro co-channel single operator case;

· Macro-Macro adjacent-channel multiple operators case.

The scenarios and relevant assumptions are captured in [1].
In this contribution, we will introduce our deterministic analysis and simulation results based on the agreed scenarios and assumptions for the 3 listed scenarios in batch 2, and provide our views on the coexistence for LTE TDD networks with flexible UL/DL configuration in the evaluated scenarios. 
2. Deterministic Analysis 
According to the agreed assumptions, BS to BS interferences due to UL/DL flexible configurations are analyzed with deterministic approach, and the required minimum BS site separation distances are discussed. The deterministic approach would be based on worst case assumptions resulting in typically more stringent requirements.
The criteria can be 7 dB below the eNB receiver noise floor (i.e. 0.8 dB of eNB receiver desensitization). And BS received interference should not exceed the criteria value.

	Criteria 

	White noise power density 
	-174 dBm/Hz

	BS noise floor 
	-174+10log(BW*effecicency90%) + noise figure 

	Bandwidth
	  10  MHz

	Macro BS noise figure
	   5   dB

	7 dB below the Macro receiver noise floor
	-106.5 dBm

	Femto BS noise figure 
	 13   dB

	7 dB below the Femto receiver noise floor
	-98.5 dBm

	Pico BS noise figure
	 13   dB

	7 dB below the Pico receiver noise floor
	-98.5 dBm


2.1 Femto & Macro cells co-channel case: 
· Femto cell DL transmission interferes Macro cell UL receiving: 

	Co-channel interference from Femto cell

	Femto transmission power
	20 dBm

	Femto BS antenna gain 
	0 dBi

	Macro BS antenna gain
	15 dBi

	Macro Cell Received Interference 
	20+0+15-PL= (35-PL) dBm

	PL(R)= 128.1 + 37.6log10(R)+ Low, where Low =20dB; R in km

	Minimum separation distance 
	668 m


· Macro cell DL transmission interferes Femto cell UL receiving:

	Co-channel interference from Macro cell

	Macro transmission power
	46 dBm

	Macro BS antenna gain 
	15 dBi

	Femto BS antenna gain
	0 dBi

	Femto Cell Received Interference 
	46+15+0-PL= (61-PL) dBm

	PL(R)= 128.1 + 37.6log10(R)+ Low, where Low =20dB; R in km

	Minimum separation distance 
	2010 m


2.2 Outdoor Pico & Macro cells in co-channel case:
· Outdoor Pico cell DL transmission interferes Macro cell UL receiving: 

	Co-channel interference from Pico cell

	Pico transmission power
	24 dBm

	Pico BS antenna gain 
	5 dBi

	Macro BS antenna gain
	15 dBi

	Macro Cell Received Interference 
	24+5+15-PL= (44-PL) dBm

	PLLOS (R) =100.7+23.5log10(R) 
PLNLOS(R) = 125.2+36.3log10(R); 
R in km

	Minimum separation distance 
	131568 m for LOS;
4977 m  for NLOS;


· Macro cell DL transmission interferes Outdoor Pico cell UL receiving:

	Co-channel interference from Macro cell

	Macro transmission power
	46 dBm

	Macro BS antenna gain 
	15 dBi

	Pico BS antenna gain
	5 dBi

	Pico Cell Received Interference 
	46+15+5-PL= (66-PL) dBm

	PLLOS (R) =100.7+23.5log10(R) 
PLNLOS(R) = 125.2+36.3log10(R); 
R in km

	Minimum separation distance 
	518673 m for LOS;

12096 m for NLOS;


2.3 Macro-Macro adjacent channel case:

· Macro cell DL transmission interferes neighbor Macro cell’s UL receiving: 

	Adjacent channel interference from Macro cell

	Macro BS transmission power
	46 dBm

	Macro BS Tx antenna gain 
	  15 dBi

	Macro BS Rec antenna gain
	  15 dBi

	ACIR BS to BS
	43 dB

	Macro Cell Received Interference 
	46+15+15-PL-43= (33-PL) dBm

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

	Minimum separation distance 
	112850 m


Conclusion: according to the criteria that BS received interference should be at least 7dB less than the eNB receiver noise floor; the minimum distance separations needed are as follow: due to different UL/DL configurations,

· To protect Macro from co-channel Femto BS interference, 668 m minimum site separation distance is needed, 

· To protect Femto from co-channel Macro BS interference, 2010 m minimum site separation distance is needed,
· To protect Macro from co-channel outdoor Pico BS interference, 131568 m for LOS or 4977 m for NLOS minimum site separation distance is needed, 
· To protect Outdoor Pico from co-channel Macro BS interference, 518673 m for LOS or 12096 m for NLOS minimum site separation distance is needed, 
· And to protect Macro from co-channel Macro BS interference, 112850 m minimum site separation distance is needed.
The minimum distance separations needed for the scenario of Femto-Macro co-channel case, Outdoor Pico-macro co-channel case, and Macro-Macro adjacent channel case are quite much and it is not promising to consider the UL/DL flexible configurations in those scenarios. Of course, those haven’t count into effect of any interference mitigation methods.
3. Simulation Results 
3.1 Femto & Macro CCI (single operator)
Femto BS and Femto UE are randomly deployed in a room with minimum distance of 3 meters and maximum distance about 14 meters. The UL power control of Femto UE is used to compensate the attenuation with alpha = 0.8 and Po = -75dBm. The power controlled transmit power of Femto UE has a medium value about -10dBm.

Baseline:
· For Femto network: The DL transmission power of all Femto BSs are set to -10dBm in the lower bound of DL Femto transmit power from power control. And thus the UL and DL interference are comparable and their CDFs are almost the same, as depicted in Figure 3.
Also illustrated in figure 3 is the DL interference from Macro network to Femto network, which is 40dB higher than the interference from Femto network. In contrast, the UL interference from Macro Network only has small possibility to be larger than UL interference from Femto network.

· For Macro network: the DL and UL interference from Femto network is far less than interference from Macro BS. 
Flexible TDD:
· For Femto network, the interference from Femto network does not vary so much because of the similar distribution of the UL and DL interference. However, since the distribution of DL and UL interference from Macro network shares no similarity at all, the DL-UL interference from Macro BS is predominant.

· For Macro UE, the interference from Macro network is predominant, as illustrated in Figure 3, thus the DL wideband SINR of Macro UE keeps the same.
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Figure 1: Femto UE SINR and wideband interference distribution in Macro-Femto
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Figure 2: Macro UE SINR and wideband interference distribution in Macro-Femto
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Figure 3: SINR and wideband interference distribution in Macro-Femto , baseline
Conclusion 1: The UL-DL interference introduced by flex-TDD for Femto-Macro co-channel single operator case is negligible for Macro UE DL receiving and Macro BS UL receiving, and even improving Femto UE DL receiving, while severe for Femto BS UL receiving.  
3.2 Outdoor Pico-Macro CCI (single operator)
Baseline:
· For Pico network, DL interference from Macro BS is about 20dB higher than interference from neighbouring Pico BS, and interference from macro UEs is about 15dB less than interference from Macro UEs.
· For Macro network, the DL interference from Pico cell may be comparable to the DL interference from Macro BS when a Macro UE is located with the range of a Pico cell. The UL interference from Pico UEs is also comparable to, or may even exceed the UL interference for neighbouring Macro UEs.
Flexible TDD:
· For Pico network, through some mitigation scheme such as restricting station Pico BS which has CPL (coupling loss) less than one threshold to be with the same transmission direction, the interference of DL-UL interference from Pico-Pico is mitigated. However, there is still obvious degradation in DL SINR because of strong DL-UL interference from Macro network. Mitigation scheme should be developed both for Pico-Pico and Macro-Pico DL-UL interference.
· For Macro network, DL-UL interference from Pico BS is strong than UL interference from Pico UE because Pico UE transmission is power controlled.
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Figure 4. Macro UE SINR and wideband interference distribution in Macro-Outdoor Pico CCI case.
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Figure 5: UL and DL SINR for outdoor Pico in Macro-Pico CCI case.
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Figure 6: Wideband interference distribution for Pico and Macro in Macro-Outdoor Pico CCI case.
Conclusion 2: The DL-UL interference between Macro and Pico introduced by flex-TDD is severe in Macro-Pico case.
3.3 Macro-Macro ACI (multiple operators)
Sectors of one Macro BS are configured with the same transmission direction and same operator
Flexible TDD:
· Interference from Macro BS are reduced by 43dB ACIR because of adjacent band are used for two operators.  

· The DL interference for baseline and flexible TDD are almost the same and thus the DL SINR is that same.
[image: image7.png]Macro - Macro, ACI

====ULSINR;Flex-tdd

-10

0 10
dB

20

o o
2CDF2

Wideband Interference Distribution

7
e
1
’
)

/

/

]
]
T
]
I
1
1
+
1
]
T
1
)

/

— DL,Baseline

—— UL,Baseline

===<DL,Flex-tdd
====UL,Flex-tdd

-60





Figure 8: Macro UE SINR and wideband interference distribution in Macro-Macro ACI case.
Conclusion 4: The UL SINR is severely degraded in Macro-Macro ACI case.
4. Concluding Remarks

In this contribution, we introduced our deterministic analysis and simulation results based on the agreed scenarios and assumptions for batch 2evalution, and provide preliminary view on the coexistence for LTE TDD networks with flexible UL/DL configuration. 
From the Deterministic Analysis, according to the criteria that BS received interference should be at least 7dB less than the eNB receiver noise floor, due to different UL/DL configurations, the minimum distance separations needed are as follow:
· To protect Macro from co-channel Femto BS interference, 668 m minimum site separation distance is needed, 

· To protect Femto from co-channel Macro BS interference, 2010 m minimum site separation distance is needed,
· To protect Macro from co-channel outdoor Pico BS interference, 131568 m for LOS or 4977 m for NLOS minimum site separation distance is needed, 

· To protect Outdoor Pico from co-channel Macro BS interference, 518673 m for LOS or 12096 m for NLOS minimum site separation distance is needed, 
· And to protect Macro from co-channel Macro BS interference, 112850 m minimum site separation distance is needed.

From the Simulation Results, the following conclusions can be drawn:

· Conclusion 1: The UL-DL interference introduced by flex-TDD for Femto-Macro co-channel single operator case is negligible for Macro UE DL receiving and Macro BS UL receiving, and even improving Femto UE DL receiving, while severe for Femto BS UL receiving.  
· Conclusion2: Both Macro and Pico’s UL SINR are severely impacted in Macro-Outdoor Pico CCI case
· Conclusion 3: The UL SINR is severely degraded in Macro-Macro ACI case.
Specifically, we observed that 

1) In Femto-Macro co-channel case, the Femto BS UL receiving is severely degraded by interference from Macro BS, which is difficult to be mitigated.
2) In Macro-outdoor Pico CCI case, both Macro and Pico’s UL SINR are severely impacted, esp. the Pico’s UL SINR degradation is difficult to be mitigated.
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