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1 Introduction
In the email discussion before RAN4#62bis meeting for LTE TDD eIMTA it is agreed that further co-existence study should be carried out for following three scenarios:

· Scenario 1: Femto-Macro co-channel single operator case;
· Scenario 2: Outdoor Pico-macro co-channel single operator case;

· Scenario 3: Macro-Macro adjacent channel multiple operators case.

In this contribution the evaluation results for these scenarios are presented according to the simulation assumptions summarized in [1].
2 Evaluation results
2.1
Calculation results with deterministic approach
The deterministic calculation is accepted as alternative methodology for co-existence study in email discussion before Dresden meeting [2], the same approach is also applied for the three scenarios discussed in this contribution. The corresponding results are collected in table1.
Table 1: Results of deterministic approach

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

	Femto ->Macro 
	Co-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
	0.67

	Macro ->Femto 
	Co-channel
	
	46
	-98.5
	2.01

	Outdoor Pico->Macro 
	Co-channel
	PLLOS(R) =100.7+23.5log10(R)  
	24
	-106.5
	131.57

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	0.70

	Macro ->outdoor Pico
	Co-channel
	PLLOS (R) =100.7+23.5log10(R)  
	46
	-98.5
	518.67

	
	
	PLNLOS(R) = 125.2+36.3log10(R)
	
	
	12.10

	Macro-Macro
	Adjacent channel
	PL(R)=98.45+20*log10(R),R in km
	46
	-106.5
	112.8

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


2.2
Simulation results with Monte Carlo approach 
In this section the simulation results with static system simulation for scenario1~3 are provided. 
Scenario 1: Femto-Macro co-channel single operator case
In this scenario Femto cells and Macro cells deploy on the same carrier frequency where all macro cells have the same transmission direction (DL or UL) and the transmission direction of Femto cells are randomly set as DL or UL with a 50% probability. The DL power control of Femto BS is applied in the simulation. 
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Figure 1: UL/DL geometry CDF for scenario 1

Figure 1 shows the UL and DL geometry for MUEs and HUEs. 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. 

· 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 1, 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.

Scenario 2: Outdoor Pico-Macro co-channel single operators
In this scenario outdoor Picocells and Macro cells deploy on the same carrier frequency where all macro cells have the same transmission directions(DL or UL) and the transmission direction of outdoor Picocells are randomly set as DL or UL with a 50% probability. 
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 Figure 2: UL/DL geometry CDF for scenario 2
Figure 2 shows the UL and DL geometry for MUEs and PUEs. The following observations can be made:

· For MUE UL geometry, the DL-UL interference caused by the opposite transmission direction in the outdoor Picocells impacts the MUE UL geometry evidently compared to the baseline without opposite transmission directions.

· For MUE DL geometry, the DL-UL interference caused by the opposite transmission direction in the outdoor Picocells does not impact the MUE DL geometry significantly, compared to the baseline without opposite transmission directions. 

· For PUE UL geometry, the DL-UL interference caused by the opposite transmission direction in other outdoor Picocells degrades the PUE UL geometry, assuming the MUEs are performing UL transmissions. On the other hand, for PUE UL geometry, if the MeNBs are performing DL transmission, the DL-UL interference caused by Macro cells further degrades the PUE UL geometry, as shown in Figure 2. It shall be noted that the PUE UL geometry is not smooth when “all Macro cells UL and Picocells UL/DL random”, in which the PUE UL geometry is divided to two parts. The first part includes about 25-30% PUEs with very low UL geometry due to close-by interfering Picocells with different transmission directions. The second part includes about 70% of PUEs with acceptable UL geometry.

· For PUE DL geometry, the DL-UL interference caused by the opposite transmission direction in other outdoor Picocells does not impact the PUE DL geometry significantly, if the MeNBs are performing DL transmission. The PUE DL geometry improves compared to the baseline, if the MUEs are performing UL transmission as shown in Figure 4, since the interference generated by the MUE can be smaller than the interference generated by the Macro eNB to the PUE DL transmission.

According to the suggestion in simulation assumption, the interference mitigation scheme is also considered in the simulation, which is modelled as the following
· The transmission direction of a outdoor Picocell shall be the same with the Macro cell if the coupling loss between the outdoor Picoand Macro is less than a threshold X; and

· The transmission direction of a outdoor Picocell shall be the same with another outdoor Picocell if the coupling loss between the two outdoor Picocells is less than a threshold Y;

· Otherwise the transmission direction of the outdoor Picocell is randomly set as DL or UL with a 50% probability.

In figure 3, the UL geometry of outdoor Picoand Macro UEs are shown, in which the value of Y is 80 dB and the candidate values of X set as 75, 80, 85 or 90 dB. The percentage of flexible DL-UL outdoor Picocells is also given in table 2.
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Figure 3: UL geometry with interference mitigation scheme for scenario 2

Table2: Ratio of flexible DL-UL outdoor Picocells under different thresholds
	Threshold X
	Threshold Y
	Ratio of flexible DL-UL outdoor Picocells over all 228 outdoor Picocells

	75 dB
	80dB
	30.3%

	80 dB
	80dB
	16.7%

	85 dB
	80dB
	8.3%

	90 dB
	80dB
	2.6%


Based on the results shown in figure 3 and table 2, following observations can be made:
· For MUE UL geometry with interference mitigation scheme, the DL-UL interference caused by the opposite transmission direction in the outdoor Picocells impacts the MUE UL geometry compared to the baseline with the same transmission direction in all cells. The MUE UL geometry degradation can be reduced with the increase of threshold X (i.e. reducing the number of flexible DL-UL outdoor Picocells). However, the geometry loss can still be evidently even with a large threshold X=90dB, in which only 2.6% of all outdoor Picocell can be randomly set as DL or UL transmission. Therefore it is difficult to eliminate the impact of macro cell UL geometry caused by opposite transmissions in outdoor Picocells.
· For PUE UL geometry with interference mitigation scheme, the PUE UL geometry with DL-UL interference from neighboring cells is very close to the baseline, even with a relatively small threshold X=75dB, assuming the MUEs are performing UL transmissions. Therefore it is possible to eliminate the impact of outdoor Picocell UL geometry caused by opposite transmissions in other outdoor Picocells while still quite a number of Picocells can enjoy flexible DL-UL transmissions, when macro cell are performing UL gransmissions.
Scenario 3: Macro-macro of multiple operators case 
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Figure 4: UL/DL geometry CDF for scenario 3 with 
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Figure 5: UL/DL geometry CDF for scenario 3 with 
[image: image11.wmf]3/3

SITEOFFSETISD

=


Figure 5 shows the UL and DL geometry for macro-macro adjacent deployment with multiple operators. It is observed that he macro UE’s UL geometry is severely degraded due to the opposite transmissions in other macro cells deployed in the adjacent channel, if different transmission directions are applied in different cells. 
3
Conclusion
In this contribution, we provided evaluation results for scenario1~3 with different TDD UL-DL configurations in different cells with following observations: 
· For Femto-Macro co-channel scenario, it is feasible apply flexible DL-UL transmissions in Femto cells.
· Evident co-existence challenge is seen between co-channel deployed outdoor Pico cells and macro cells, when flexible DL-UL transmissions are applied in outdoor Pico cells, even with certain interference mitigation scheme.
· Severe co-existence challenge is seen between adjacent channel deployed macro-macro cells for multiple operators.
We propose to send a LS to RAN1 on the observations for the above scenarios.
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