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1 Background
In last RAN4 meeting, some simulation results for TDD eIMTA feasibility study were provided by some companies but no conclusion has been made. Further simulation results are encouraged and conclusion is expected to be made in this meeting [1]. This contribution provides further simulation results on this topic in addition to the results in [2].
2 Simulation Results
Section 2.1 and 2.2 provide the same simulation results as in [2]. Section 2.3 provides some further results for ULPC.
2.1 CCIM
This section provides some simulation results for cell clustering interference mitigation scheme (CCIM), in which coupling loss threshold within a cluster is set to 80dB. Figure 1 shows the CDF curves of UL and DL geometry for scenario 3. Throughput change is recorded in Table 1 for scenario 3. 
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Figure 1: UL and DL geometry for secnario 3 with CCIM
Table 1: Uplink and downlink throughput gain for scenario3 with CCIM
	CL Threshold =80dB
	Average Throughput gain
	Cell edge Throughput gain (5%-ile)

	UL
	2.80%
	5.76%

	DL
	5.66%
	12.55%


From the simulated data in Table 1, some throughput gain is observed in the case of coupling loss threshold equal to 80dB. Figure 2 shows the distribution of Pico in clusters and some observations can be made:
· Most Picos (68%) do not suffer strong interference from other Picos and can adjust TDD configuration freely;

· About 20% ~30% clusters include 2~3 Picos, information exchanging between each other will not be a problem;

· Less than 10% clusters include more than 3 Picos. 
From that pie figure, we can see that because some picos are in the same cluster with some others, the flexibility of TDD reconfiguration in the network will have some loss for cell cluster scheme for scenario 3. 
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Figure 2: Distribution of Pico in clusters
2.2 UL PC
Cell activation probabilities with 20%, 50% and 100% are investigated in the simulation firstly and the results are shown in below figure. UL and DL cell activation rates are both the same. With the cell activation probability decreasing, the UL geometry becomes better.
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Figure 3: UL geometry for different cell activation probability
A new set of uplink power control parameters is introduced in formula 1 which is used to boost UL power as a kind of method to raise the signal to interference ratio when BS to BS interference is too strong. These new PC parameters are just an example and performed in the simulation.
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Figure 4 and Table 2 show the simulation results for cell activation probability of 20%. Figure 5 illustrates the UL and DL geometry cumulative distribution curve for three cases, all UL/DL case, UL/DL random with original single PC (P0=-76dBm) and UL/DL random with above new PC set. Table 2 summarize the uplink and downlink throughput loss for UL/DL random compared with all UL and all DL case.
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Figure 6: UL and DL geometry for secnario 3 with ULPC, pico-pico min distance=40m
Table 2: Uplink and downlink throughput loss for scenario3 with ULPC, pico-pico min distance=40m
	PC
	Activation
probability
	Pico UL throughput (%)
	Pico DL throughput (%)

	
	
	average
	edge (5%-ile)
	average
	edge (5%-ile)

	Original single PC (assumption in SI)
	20%
	-7.1415
	-100
	2.6996
	75.4782

	New PC parameters
	20%
	-4.5373
	-56.239
	2.1851
	54.3669


From the above results, some observations can be obtained:

· The new ULPC method can improve UL geometry very dramatically compared to the original single PC method. But compare to the all UL case, it still degrades the throughput performance especially at cell edge.

· This Monte Carlo simulation can only reflect static throughput over a number of snapshots, it could not reflect actual system performance with time dimension. 
· Since UL power control scheme provides scheduling flexibility with traffic adaptation for each Pico cell, eNB could select the appropriate UL-DL configuration for individual Pico cell according to UL/DL traffic ratio. Therefore, compared to CCIM, UL PC could decrease the packet average transmission time for each Pico to improve the whole performance. 
· It is hard to conclude that this method is feasible or not only from RAN4 co-existence perspective. Whether this new ULPC method is effective also depends on system study in RAN1.
2.3 Further results for UL PC
In this section, additional simulation results for other pico-pico minimum distance are provided, including geometry CDF curve and throughput loss.
The interference impacted on co-existence is mainly from BS TX to BS RX, if we could provided enough isolation between BS, the interference also can be immigrated. One method to increase the isolation between BS could be increase the minimum distance between two BS.
In the simulation assumption, the minimum distance between two BS is 40m. It is equal to the radius of the cell and the cell is overlapped too much with each other. Here we assume the minimum distance between two BS is 60m and the results are listed is Figure 7 and Table 5. Cell activation probability is also 20% and new ULPC parameters are also the same as the one in section 2.2. [image: image8.emf]-40 -30 -20 -10 0 10 20 30
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Figure 8: UL and DL geometry for secnario 3 with ULPC, pico-pico min distance=60m
Table 6: Uplink and downlink throughput loss for scenario3 with ULPC, pico-pico min distance=60m
	PC
	Activation
probability
	Pico UL throughput (%)
	Pico DL throughput (%)

	
	
	average
	edge (5%-ile)
	average
	edge (5%-ile)

	Original single PC (assumption in SI)
	20%
	-3.9585
	-55.9472
	1.7272
	53.0382

	New PC parameters
	20%
	-1.9299
	-21.4001
	1.4007
	36.8513


From the above results, some observations can be obtained:

· Increase the minimum distance between Pico BS could help to improve both the average and edge throughput.
· In addition to increase the minimum distance, there should be other methods to increase the isolation between BS such as improving the Pico antenna pattern and other deployment technique. 
3 Conclusions

This contribution provides the co-existence simulation results for CCIM and ULPC method for TDD eIMTA from RAN4 perspective. From the co-existence study, some conclusion could be made:
For CCIM

Some throughput gain is observed in the case of coupling loss threshold equal to 80dB for scenario 3. But because some picos are in the same cluster with some others, the flexibility of TDD reconfiguration in the network will have some loss for cell cluster scheme. 
For ULPC

The new ULPC method can improve UL geometry very dramatically compared to the original single PC method. But compare to the all UL case, it still degrades the throughput performance especially at cell edge. Increase the minimum distance between Pico BS could help to improve both the average and edge throughput. In addition to increase the minimum distance, there should be other methods to increase the isolation between BS such as improving the Pico antenna pattern and other deployment technique.
Since UL power control scheme provides scheduling flexibility with traffic adaptation for each Pico cell, eNB could select the appropriate UL-DL configuration for individual Pico cell according to UL/DL traffic ratio. Therefore, compared to CCIM, UL PC could decrease the packet average transmission time for each Pico to improve the whole performance. 
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