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1 Introduction
In RAN1#61bis, time domain eICIC solutions are discussed as one of the baseline solutions for mitigating DL control channel interference. In time domain approach, the DL subframe utilization across nodes is coordinated and there are coordinated subframes in which the nodes causing severe interference to the other nodes stop its transmission. In this contribution, we consider when such time domain approach is applied to UL and evaluated its impact on UL interference.
2 Time domain eICIC in uplink

Figure 1 illustrates a heterogeneous network, where a UE connected to macro eNB (MeNB) is located close to the border to a low power node (LPN), pico or home eNB. In this scenario, the UE interferes with UL reception of the nearby low power node. The UE has a high UL transmission power level to compensate the path loss to the serving MeNB, but as the path loss to the low power node is smaller, it induces strong interference to the low power node.
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Figure 1: Interference scenario in UL
The above-mentioned time domain eICIC solutions can be applied to UL in order to mitigate UL interference. Figure 2 illustrates an example where odd subframes are set as coordinated subframes. In UL transmission, both node types can use all subframes and UL interference can be mitigate by configuring MeNBs not to schedule the (aggressor) UEs located close to the border to low power nodes in coordinated subframes. The MeNBs can distinguish such UEs, which have the lower path loss to nearby low power nodes than to their serving nodes, from their measurement reports and the known transmission power of low power nodes.
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Figure 2: Time domain eICIC in UL
Note that the MeNBs schedule the other UEs, which do not cause severe interference to nearby low power nodes, in coordinated subframes differently from the other time domain eICIC solutions such as cooperative silencing where the MeNBs do not schedule UEs in coordinated subframes. This gives higher resource utilization of macro users than cooperative silencing, and also reduces UL interference at the pico nodes.
For the low power nodes, the IoT (Interference over Thermal noise) can fluctuate depending on whether the subframe is coordinated or not. In coordinated subframes, the low power nodes can operate at relatively lower IoT since some of interference from macro users is removed.
3 System level evaluation
3.1 Simulation assumptions
System level simulations are conducted for the co-channel deployment consists of macro eNBs and outdoor pico nodes. The pico nodes and UEs are deployed according to configuration 1 (uniform placement), and 4 pico nodes and 30 UEs are randomly dropped in each macro cell. In particular, outdoor RRH/Hotzone path loss Model 1 described in [1] and fast fading with TU are used. All system simulations are based on 3GPP Case 1 scenario and the corresponding 3D antenna pattern (including vertical pattern) is assumed.
The serving cell selection is based on best reference signal received power (RSRP) and the open loop power control is used. The power imbalance between DL and UL transmission occurs in heterogeneous networks due to the large difference in transmission power levels between MeNBs and pico nodes. Therefore, the power control parameters are set individually for each node type as follows:
· For macro users: P0 = -106 [dBm] and α = 1
· For pico users: P0 = -92 [dBm] and α = 1
There are three simulation scenarios according to adopted schemes:
· Macro-only deployment
· Uncoordinated deployment: Co-channel deployment without any interference coordination.
· Coordinated deployment: Co-channel deployment with coordinated subframes in which MeNBs do not schedule the UEs causing severe interference to nearby pico nodes.
3.2 Simulation results
The performance results for all simulation scenarios are summarized in Table 1. For coordinated deployment, the IoT levels for all subframes and for each subframe groups are obtained, and the results are presented in Table 2.
Table 1: User Throughput and IoT
	
	Throughput [kbps]
	Average IoT [dB]

	Scenario
	Mean user 
	Edge user
	Macro
	Pico

	Macro-only
	447
	227
	6.9
	N/A

	Uncoordinated
	1654
	229
	10.7
	17.1

	Coordinated
	1720
	211
	10.7
	17.0


Table 2: IoT for each subframe group
	
	Average IoT [dB]

	Scenario
	All subframes
	Even subframes
	Odd subframes

	Coordinated
	17.0
	18.0
	15.5


We can observe the significant performance gain in mean user throughput and increased IoT levels in both uncoordinated and coordinated deployment. In addition, as expected, the IoT at odd subframes (coordinated subframes) are lower than at even subframes in coordinated deployment.

Therefore, there is expected to be room for performance improvement in both macro and pico users by setting resource (subframe group) specific power control parameters. Without such method which exploits the resource specific interference information, this time domain eICIC solution gives a small additional gain in mean user throughput as shown in Table 1. Further study is needed to evaluate the performance improvement by using such method.
Figure 3 shows the CDF of average IoT per PRB for all simulation scenarios. For coordinated deployment, the IoT CDF curves for each subframe groups are illustrated in Figure 4. 
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Figure 3: IoT CDF at Macro and Pico nodes
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Figure 4: IoT CDF at Pico nodes in coordinated deployment
4 Summary

In this contribution, we considered the time domain eICIC solution that macro eNBs do not schedule the UEs causing severe interference to nearby pico nodes in coordinated subframes in order to mitigate UL interference. 
We evaluated its impact on UL interference and observed that the IoT at pico nodes fluctuates depending on whether the subframe is coordinated or not.
Therefore, the power control needs to be resource (subframe group) specific in order to maintain the IoT of each subframe at reasonable levels, and further study is needed to evaluate the performance improvement by using such method.
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