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1  Introduction

In RAN#55, it was agreed that RAN4 will conduct email discussions to agree on the scenarios and the simulation assumptions in order to progress the study item. In RAN#62, details on RAN4 evaluation methodologies, simulation assumptions, and evaluation results were concluded in [1]. And an agreed LS was sent to RAN1 [2]. It was found that 

· Significant coexistence challenges have been observed to apply different TDD UL-DL configurations in different cells for scenarios 1 – 4 without any interference mitigation mechanisms.

· It is feasible to apply different TDD UL-DL configurations in different cells for scenarios 1 – 4, only provided sufficient interference mitigation mechanisms are adopted. RAN4 has not agreed on any interference mitigation schemes. 

Since co-channel case would be more challenging compared with the relative adjacent channel case, it is reasonable to expect more emphasis on this scenario, with interested companies presenting analysis on co-channel simulation studies and perhaps some preliminary investigation into possible interference mitigation mechanisms as well. 
In this contribution, we present our system simulation results on UE geometry for single-operator co-channel deployment of macro–outdoor pico scenario.  All results have assumed simulation parameters and setting as per agreement from email discussions. 
2  Without Interference Mitigation

Figure 1 and Figure 2 show the DL and UL geometry of macro to outdoor pico deployment, respectively. In our simulation, the macro cells are always modelled to be in the same transmission direction while the pico cells are configured to alternate its DL-UL subframe configuration. The MDL/PDL in the figures represents the case when all macro/pico cells are synchronized in the downlink, MUL/PUL is when all macro/pico cells are synchronized in the uplink, and PR represents the case when the pico cells DL-UL subframe configuration change between downlink and uplink each with 50% probability.

In the agreed simulation parameters, 10 UEs are dropped around each of the 4 randomly deployed Pico cells within a radius of 40m and 20UEs are randomly and uniformly dropped per Macro cell. Though most UEs are dropped towards Pico cells, about 70% UEs are associated to Macro cells due to much large difference of Tx powers between Macro eNBs (46dBm) and Pico eNBs (24dBm) and relatively small cell ISD in Case 1 (500m). 
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Figure 1: DL Geometry, Macro-to-Outdoor-Pico
From the results in Figure 1 showing the UE downlink geometry, we find the following:

· Pico UEs DL geometry is un-affected much by the transmission direction of Pico eNBs. Only the Pico UEs cell edge geometry is slightly improved if half of the Pico eNBs is switched to UL (PDL->PR);
· Macro UEs DL geometry is affected slightly more to the transmissions of other Pico eNBs. There is a slight gain in the Macro UEs DL geometry if half of the Pico eNBs is switched to UL. This is mainly because at least half of the Macro UEs are within 40m radius of Pico cells. 

Observation #1: The Macro UE or Pico UE downlink geometry, with this simulation, is not impacted much by random subframe configurations of other Pico eNBs. Note: The system simulations do not modeled the worst case Macro UL UE-Pico UE DL interference when these two UEs are in close proximity.  
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Figure 2: UL Geometry, Macro-to-Outdoor-Pico
From the results in Figure 2 showing the UE uplink geometry, we find the following:

· UL geometry of all UEs is acceptable if both Macro and Pico eNBs are in UL transmissions. This is because there in no UE-to-UE due to TDD subframe mismatch;
· Macro UEs UL geometry is severely degraded by the transmission direction mismatch with Pico eNBs (note: red line to green line). This Pico eNBs (DL) – Macro eNB (UL) interference. 
· Similarly, Pico UEs UL geometry is severely degraded by the transmission direction mismatch with Macro eNBs and other Pico eNBs (note: black to blue line). This is Macro eNB (DL) – Pico eNB (UL) interference and other Pico eNBs (DL) – Pico eNB (UL) interference. 
Observation #2: Severe degradation in the UL geometry for both Pico and Macro eNBs if there exists mismatch in the TDD subframe allocation. 
In Figure 3, the Pico UEs DL and UL geometry are shown without UL transmissions in Macro cells indicated by Moff. For comparison, two corresponding curves in Figure 1 and Figure 2 are replotted herein. 
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Figure 3 Pico UE DL & UL geometry (Macro in UL or turned off)

From Figure 3, we know that

· Both DL and UL geometry of Pico UEs are insensitive to Macro UEs UL interference. That is, both UE-to-UE interference and UE-to-BS interference are ignorable compared with interfernce from Pico DL transmission. 
3  Conclusions 
In this contribution, we have performed system level simulation analysis of the DL-UL interference in in co-channel Macro-outdoor pico deployment scenario. Following observations could be obtained:
Observation #1: The Macro UE or Pico UE downlink geometry, with this simulation, is not impacted much by random subframe configurations of other Pico eNBs. Note: The system simulations do not modeled the worst case Macro UL UE-Pico UE DL interference when these two UEs are in close proximity.  

Observation #2: Severe degradation in the UL geometry for both Pico and Macro eNBs if there exists mismatch in the TDD subframe allocation. 

Based on these observations, we propose the following: 
· Methods to deal with BS-to-BS interference should be prioritized.
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