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1. Introduction
In RAN#54 meeting, we agreed to resume LTE Rel-11 study on TDD interference management and traffic adaptation. Therefore, RAN4 is tasked to perform the email discussion on the methodology for feasibility analysis and scenarios to identify at least one multi-cell deployment scenario where different UL-DL configurations in different cells are feasible from RAN4 perspective. In this contribution, based on the agreed evaluation methodology and multi-cell deployment scenario [1], we provide the evaluation results via the deterministic analysis and system simulation to identify the interference level and the impact on system performance.
2. Interference Analysis 
2.1. Result of Deterministic Analysis 
We have used methodology and parameter assumptions (e.g., transmission power of interfering node, path loss model, antenna gain, etc.), which was agreed in the deterministic interference analysis [1]. Through these methods, we can calculate the minimum required site separate distance in certain scenarios when different TDD configurations are applied in neighboring cells. Here, 0.8dB de-sensitivity criteria is applied for negligible interference level for BS. According to the criteria, the negligible interference level is defined to be 7dB lower than the thermal noise floor [2]. 
Based on above-mentioned methodology of deterministic analysis, Table 1 and Table 2 shows individually calculated minimum separation distance of Macro-to-Pico cell and Pico cell-to-Pico cell. Here, we assumed Pico cell is an outdoor Pico cell, and defined as adjacent channel between Macro and Pico cell and as co-channel between Pico cell and Pico cell.
Table 1: Required Minimum Separation Distance for Macro-to-Pico cell (adjacent channel)
	Interference Scenario
	
Required 
Minimum Separation Distance [km]

	LOS
	Macro ( Outdoor Pico cell
	7.65

	
	Outdoor Pico cell ( Macro
	1.94

	NLOS
	Macro ( Outdoor Pico cell
	0.79 
(with 98% probability of NLOS [1])

	
	Outdoor Pico cell ( Macro
	0.33
(with 94% probability of NLOS [1])


Table 2: Required Minimum Separation Distance for Pico cell-to-Pico cell (co-channel)
	Interference Scenario
	Required Minimum Separation Distance [km]

	LOS
	Outdoor Pico cell ( Outdoor Pico cell
	5.81

	NLOS
	Outdoor Pico cell ( Outdoor Pico cell
	0.12 
(with 91% probability of NLOS [1])


High interference level of “Macro ( Outdoor Pico cell” in Table 1 requires high values of minimum separation distance, both in LOS/NLOS. In other words, we have found high interference level makes it significantly difficult in using subframe which is used for Macro’s downlink transmission as a function of Pico cell’s uplink reception. Therefore, in this case, we have the co-existence issue.
On the contrary, a minimum separation distance in practical range is required in “Outdoor Pico cell ( Macro”, especially in NLOS. We do not have the co-existence issue, compared with “Macro ( Outdoor Pico cell”, because we have higher probability (i.e., 94% probability of NLOS) that Pico cell-to-Macro become NLOS under required minimum separation distance. Accordingly, it can be possible that Pico cell is using the subframe which is used for uplink reception by Macro, as a function of downlink transmission. 
In case that “Outdoor Pico cell ( Outdoor Pico cell” in Table 2 is NLOS (i.e., 91% probability of NLOS), a minimum separation distance in relative practical range is required. In other words, we can set up different transmission direction between Pico cells, in the specific subframe. 
Observation 1: “Macro ( Outdoor Pico cell” requires high values of minimum separation distance both in LOS/NLOS cases, because of high interference level in “Macro ( Outdoor Pico cell”. Accordingly, we have difficulties to use subframe which is used for Macro’s downlink transmission as a function of Pico cell’s uplink reception. We have the co-existence issue in this case.
Observation 2: “Outdoor Pico cell ( Macro” and especially in NLOS case, it requires a minimum separation distance in practical range. We do not have the co-existence issue, compared with “Macro ( Outdoor Pico cell”, because we have higher probability (i.e., 94% probability of NLOS) that Pico cell-to-Macro become NLOS under required minimum separation distance. Accordingly, Macro’s subframe for uplink reception can be used for Pico cell’s downlink transmission.
Observation 3: “Outdoor Pico cell ( Outdoor Pico cell” and especially in NLOS case (i.e., 91% probability of NLOS), it requires a minimum separation distance in practical range. Accordingly, we can set up different transmission direction between Pico cells, in the specific subframe.
2.2. Simulation Result
System simulations have been performed based on simulation assumption which was agreed at [1] and transmission direction of outdoor Pico cells is randomly set as DL or UL with a 50% probability. 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. Through system simulations, we can investigate various DL/UL geometry losses resulting from different TDD configurations in the network.
Figure 1and Figure 2 show individual UE geometry of Macro-to-Pico cell and Pico cell-to-Pico cell. Here, we assumed Pico cell is an outdoor Pico cell, and defined as adjacent channel between Macro and Pico cell and as co-channel between Pico cell and Pico cell.
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Figure 1: DL/UL Geometry Result for Macro-to-Pico cell (adjacent channel) 
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Figure 2: DL/UL Geometry Result for Pico cell-to-Pico cell (co-channel)
In Figures 1, we can get the following observations through UE geometry for Macro-to-Pico cell (i.e., adjacent channel).
· 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 significantly degrades PUE UL geometry.
· When MUEs are executing UL transmission, DL interference caused by the opposite transmission direction in other Pico cells slightly degrades PUE UL geometry.
And in Figures 2, we can get the following observations through UE geometry for Pico cell-to-Pico cell (i.e., co-channel).
· Applying different TDD UL-DL configurations slightly 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.
When we derived the minimum separation distance in various scenarios based on the deterministic analysis, we found differences between the calculated minimum separation distance and the minimum distance which is applied in system simulations to Macro and Pico cell (e.g., 75m in [1]), or Pico cell and Pico cell (e.g., 40m in [1]). Accordingly, the application of changing the communication direction of a Pico cell may be limited in some cases. For example, there would be some problems if a Pico cell, which has a neighboring Pico ell at a distance between 40 m and 120 m, performs DL transmission in a subframe which is used as UL reception at the neighboring Pico cell. However, in case of “Outdoor Pico cell ( Macro” and  “Outdoor Pico cell ( Outdoor Pico cell”, the minimum separation distances can be relaxed by applying some coordination like downlink transmission power control of Pico cell. As we can see in Figure 1 that very high geometry is achievable in DL transmissions of Pico cell, the cost of such interference coordination (e.g., the DL performance reduction caused by reducing the Pico cell’s transmit power) will be marginal.

Observation 4: Very high DL geometry is achievable in Pico cell, so there is room for some interference coordination to relax the minimum separation distances in cases of “Outdoor Pico cell ( Macro” and  “Outdoor Pico cell ( Outdoor Pico cell.”
3. Conclusion

In this contribution, we have performed deterministic analysis and system simulation regarding deployment scenarios with different TDD UL-DL configurations in different cells, based on agreed evaluation methodology and multi-cell deployment scenario [1]. We could obtain the following observations.
Observation 1: “Macro ( Outdoor Pico cell” requires high values of minimum separation distance both in LOS/NLOS cases, because of high interference level in “Macro ( Outdoor Pico cell”. Accordingly, we have difficulties to use subframe which is used for Macro’s downlink transmission as a function of Pico cell’s uplink reception. We have the co-existence issue in this case.
Observation 2: “Outdoor Pico cell ( Macro” and especially in NLOS case, it requires a minimum separation distance in practical range. We do not have the co-existence issue, compared with “Macro ( Outdoor Pico cell”, because we have higher probability (i.e., 94% probability of NLOS) that Pico cell-to-Macro become NLOS under required minimum separation distance. Accordingly, Macro’s subframe for uplink reception can be used for Pico cell’s downlink transmission.
Observation 3: “Outdoor Pico cell ( Outdoor Pico cell” and especially in NLOS case (i.e., 91% probability of NLOS), it requires a minimum separation distance in practical range. Accordingly, we can set up different transmission direction between Pico cells, in the specific subframe.
Observation 4: Very high DL geometry is achievable in Pico cell, so there is room for some interference coordination to relax the minimum separation distances in cases of “Outdoor Pico cell ( Macro” and  “Outdoor Pico cell ( Outdoor Pico cell.”
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