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1. Introduction
In [1], we presented the results of Monte Carlo simulations for the LTE TDD eIMTA single operator scenario with TDD dynamic UL/DL configuration based on assumptions made by RAN4. Regarding the DL geometry for both pico-pico co-channel and macro-pico adjacent channels, it was pointed out in the conclusions that the assumptions used in the simulations on the user density is too optimistic for the interference between UE and UE in a real network operation. We suggested there that there would be need for considering more realistic assumption or even relatively pessimistic assumptions to study UE to UE interference further. Therefore, we made further studies on UE-UE interference in the intra-operator scenario with TDD dynamic UL/DL configuration, both macro-pico adjacent channel case and pico-pico co-channel case. For this purpose, we modified and simplified RAN4 simulation assumptions with the focus on UE-UE interference case. We also studied the impact on UE-UE interference with some different power control model in the pico-pico co-channel scenario which is required for a UE to cope with the interference to its serving pico eNB from other pico eNBs.
2. Deployment scenario, Assumptions and Methodology
For outdoor pico-outdoor pico scenario, only pico cells are deployed in the network. Wrap-around technique is applied in simulations. In the baseline case, all pico cells are of the same transmission direction, whereas in the other case, the transmission direction of outdoor pico cells is randomly set as DL or UL with a 50% probability. The topology of this scenario is modified by locating the pico eNBs at the macro cell edge in order to increase the capacity and user experience at the cell edge. In each macro cell, three pico eNBs will be deployed. The pico eNBs are located at 1.5R from the macro eNB, where R is the cell radius. The pico eNBs are evenly spread over a total angle of +/- 19 degrees as shown in Figure 1.
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Figure 1.  Topology of pico-pico co-channel scenario 
The blue stars are the reference macro site locations and the red circles are the pico site locations. Besides a “special” pair of UEs, the other UEs are dropped randomly and uniformly in pico coverage in each snapshot. The UE pair is placed at the cell edge of two adjacent pico eNBs. The space separation between the UE pair is fixed to be 2.5m. This is a simple manner to model the UE-UE close proximity in the hotspot scenario considered, which we believe frequently occurs in such a scenario because of very high user density. We will study the DL geometry of this UE pair when there is UE-UE (cross UL/DL) interference. To simplify the simulation, we didn’t drop many UEs into the network to simulate the high user density. Instead, we use the UE pair to observe the interference situation.
Also, we have investigated a power control model which is different from the power control models used by RAN4. With the new PC model, pico UEs will transmit in UL with a larger power to cope with the interference at its target eNB caused by other pico eNBs. The power control model steps are described as follows.
1) Calculate the noise floor of each pico eNB, where Noise floor = thermal noise + pico-pico interference;

2) Tx_power_dBm = Noise_ floor_dBm + IoT_targegt_dB + SINR_target_dB + pathloss_dB; 
3) Tx_power = min(max(min_Tx_power, Tx_power), max_Tx_power)
IoT_target (Interference over Thermal or Noise Rise targeted) is set to 7dB and SINR_target is set to 10dB. 
For adjacent channel macro-pico cells scenario, both macro and outdoor pico cells are deployed in the network. Wrap-around technique is applied in simulations. The macro cells are always synchronized in either UL or DL transmission direction. In the baseline case, all outdoor pico and macro cells are set to downlink direction, whereas in the other case, the transmission direction of outdoor pico cells is set to DL and the transmission direction of macro cells are set to uplink. We have selected this case, where all macro cells are transmitting in UL while all pico cells are transmitting in DL, because the likelihood that pico cells are configured with more DL time slots than macro cells is relatively high. The topology of this scenario is modified, too, and the pico eNBs are located as the pico-pico co-channel scenario at the macro cell edge. In each macro cell, only one pico eNB will be deployed. The pico eNBs are located at 1.5R from the macro eNodeBs, where R is the cell radius as shown in Figure 2. The blue stars are the macro site locations and the red circles are the pico site locations. In each pico cell, the pico UEs are randomly dropped in the coverage area of that  cell. In each macro cell, the macro UEs are randomly dropped in the coverage area of that cell. In this scenario, we arrange again in each snapshot a “special” pair of UEs consisting of a macro UE and a pico UE, which is placed at the cell edge of the corresponding pico cell.. This is a simple manner to model the UE-UE close proximity in the scenario considered, which we believe frequently occurs in such a scenario. The distance between the UE pair is fixed to 2 m or 5 m. In addition, we have set the ISD of macro eNBs to 750 meters, which differs from the assumption made by RAN4; however a realistic figure in the operating frequency band for cases that operators are not able to deploy closer macro eNBs due site acquisition difficulties. We have simulated the case that some active macro UE moves to the coverage area of a pico cell while the inter-frequency handover isn’t triggered.
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Figure 2.  Topology of macro-pico adjacent channel scenario

3. Simulation results
3.1 Co-channel outdoor pico-outdoor pico cells
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Figure 3. DL geometry of the victim UE of the special UE pair in pico-pico scenario
Figure 3 shows the DL geometry of the victim UE of the special UE pair. Totally, 5000 snapshots were run, where in 25% of snapshots the UE of the special UE pair accessed to different pico eNBs, resulting in UL to DL interference between the UEs of the UE pair. In other snapshots, the UEs of the special UE pair accessed to the same pico eNBresulting in no UL/DL interference. We collected the statistics for the victim UE in the case of interference between the UEs of the special UE pair. The observations are as follows.
· With previous RAN4 power control model and parameters, the DL geometry is degraded compared to the baseline performance with a probability of 40%. Taking into account the 25%probability that the pico UEs in close proximity will access to different pico eNBss, the overall UE-UE interference probability is more than10%. 
· With the different power control model we applied, the DL geometry is degraded even much more. This is due to the fact that UE transmits with larger power to cope with the pico eNB-pico eNB interference, which increases the UE-UE interference to a much more extent. We observed that the DL geometry is degraded compared to the baseline performance with a probability of 70%. Taking into account the 25% probability that the pico UEs in close proximity will access to different pico eNBss, the overall UE-UE interference probability is more than17.5%.
3.2 Adjacent channel macro-outdoor pico cells       
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Figure 4. DL geometry of pico UE of the special pair in macro-pico scenario
Figure 4 shows the DL geometry of the victim pico UE of the special UE pair in macro- pico scenario in a single operator deployment.  The observation is as follows.

· The pico UE DL geometry may be degraded significantly when an active macro UE transmitting in uplink moves close to the pico UE operating in the pico coverage area. Even for UEs, which are separated by 5 meters, the performance degradation is significant. Until the macro UE hasn’t performed the inter-frequency handover, the interference will last. The inter-frequency handover will be triggered only when the UL/DL of the active macro UE is out of coverage/service. For portable/stationary macro UEs this could take a pretty long time resulting in lasting interference to the pico UE. 
4. Conclusions

We made further studies on UE-UE interference for the intra-operator deployment scenarios, pico-pico co-channel and macro-pico adjacent channel, and the conclusions drawn from the results are as follows.
· For outdoor pico - outdoor pico co-channel scenario, we suggest that UE-UE interference needs to be taken into account, because the DL geometry of pico UEs can be degraded significantly due to the sever interference between the UEs in close proximity.
· For macro-outdoor pico adjacent channel scenario, we suggest that the UE-UE interference needs to be taken into account, because a Macro UE transmitting in UL can severely interfere with a pico UE receiving in DL resulting in significant DL geometry degradation of the pico UE. 
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