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1   Introduction
During last meeting, several DL interference solutions were discussed, in this contribution, we further analyses these solutions, and propose to exclude the cross carrier based solutions first, then analyses the Pros and Cons for the other solution.

2   Discussion
According to current discussion, the DL interference solutions can be classified as below:

Solution1(a) Exchanges the information about Pcell vs. SCell carrier loading over X2
Solution1(b) Exchange interference indication for data channels over X2

Solution1(c) Exchange interference indication for control channels over X2

Solution2(a) OAM Pre-configures HetNet ICIC mechanisms in frequency domain to involved eNBs

Solution2(b) OAM Pre-configures protected PDCCH carrier component(s) to involved eNBs 

Solution3(a) Exchange the RNTP/ transmit power related information over X2;

Solution3(b) Exchange information about the configuration of protected PDCCH carrier component(s) over X2
2.1   About Solutions Based on Cross Carrier scheduling

There are multiple solutions are based on the concept of Cross Carrier Scheduling, including solution1(a), 2(b) and 3(b). 
According to the definition of Cross Carrier Scheduling, the in case the eNB1 use f1 as PCC for UE1, SCC for UE2, there will no control signaling over f2 for UE1. In case we extend this concept to all the UEs in CRE or cell edge of Pico or Macro, e.g. the Macro selects f1 as the PCC for the UEs near Pico, Pico selects f2 as the PCC for the UEs under CRE/cell edge. The control channel interference will be reduced, as shown in Figure 1(a) below.
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Figure 1
But the Figure 1(a) is under the assumption of synchronized deployment,  in case the Macro and Pico are not synchronized, as shown in Figure1 (b), the Macro’s PDSCH will still interfere Pico’s PDCCH, then it cannot support the control channel interference mitigation function.

It is said in the WID that “Focus on solutions which do not requiring tight synchronization between eNodeBs”, hence the solutions based on Cross Carrier Scheduling are out of the scope of this Work Item.
Observation1: The Solutions Based on Cross Carrier Scheduling requires tight synchronization between Macro and Pico, are not aligned with the WID. Including:

Solution1(a) Exchanges the information about Pcell vs. SCell carrier loading over X2
Solution2(b) OAM Pre-configures protected PDCCH carrier component(s) to involved eNBs 

Solution3(b) Exchange information about the configuration of protected PDCCH carrier component(s) over X2
Proposal1: it is proposed to first exclude the solutions based on Cross Carrier scheduling, because tight synchronization between Macro and Pico is needed, which is not aligned with WID.
2.2   Other solutions for DL control/data channel interference
Besides the cross carrier scheduling based solutions, there are still 4 solutions remaining.

In Rel-8/9/10 ICIC, only RNTP and ABS are used for DL interference, ABS is used for HetNet scenario, which can reduce the interference to from Macro’s PDSCH to Pico’s PDCCH and PDSCH. But this solution can only be used under synchronized network. Hence the solution 1(b), 2(a), 3(a) could be the possible solutions for DL data channel interference, solution 1(a) and 1(c) could be the possible solutions for DL control channel interference. As shown in Table 1 and Table 2 below:
Table 1 DL data channel interference solutions
	DL data channel interference

	Solution1(b)
	Solution2(a)
	Solution3(a)

	Exchange interference indication for data channels over X2
	OAM Pre-configures HetNet ICIC mechanisms in frequency domain to involved eNBs
	Exchange the RNTP/ transmit power related information over X2;


The solution 1(b) is a straight forward solution to indicate the DL data channel interference to the neighbours, new X2 IE is needed to be introduced in Load Information message.

The solution 3(a) can help the Macro to have a better resource protection for Pico, new X2 IEs are also needed in Load Information message. 
The solution 2(a) provides the same function as solution 3(a), but using OAM solution, it will avoid the X2 spec impact, and it only applicable in case there is no need to change the protected resources frequently.

Proposal2: it is proposed to choose a solution among solution 1(b), 2(a) and 3(a) for DL data channel interference.

Table 2 DL control channel interference solutions
	DL control channel interference

	Solution1(c)

	Exchange interference indication for control channels over X2


DL control channel interference on a given carrier could be estimated based on existing mechanisms (no impact on the UE). For example, an eNB may consider a UE is suffering high DL interference in control channels in case it does not respond in large ratio as expected to control information, like scheduling grants. The controlling eNB can take this into account and exchange the information, if requested, with its neighbours to improve the PCell and SCell selection.
In case it is assumed the two eNBs are not synchronized when eNB1 informs high control channel interference to eNB2, in order to reduce the control channel interference, the eNB2 may reduce the usage of both data and control channel for that carrier, to decrease the interference to the eNB1.

Proposal3: it is proposed to further discuss whether it is needed to add control channel interference indication over X2 interface.
3   Conclusion / Proposals
In this contribution, we analyses the solutions of DL interference issue, and got the observation and proposals as below:

Observation1: The Solutions Based on Cross Carrier Scheduling requires tight synchronization between Macro and Pico, are not aligned with the WID. Including:

Solution1(a) Exchanges the information about Pcell vs. SCell carrier loading over X2
Solution2(b) OAM Pre-configures protected PDCCH carrier component(s) to involved eNBs 

Solution3(b) Exchange information about the configuration of protected PDCCH carrier component(s) over X2
Proposal1: it is proposed to first exclude the solutions based on Cross Carrier scheduling, because tight synchronization between Macro and Pico is needed, which is not aligned with WID.

Proposal2: it is proposed to choose a solution among solution 1(b), 2(a) and 3(a) for DL data channel interference.

Solution1(b) Exchange interference indication for data channels over X2

Solution2(a) OAM Pre-configures HetNet ICIC mechanisms in frequency domain to involved eNBs

Solution3(a) Exchange the RNTP/ transmit power related information over X2;
Proposal3: it is proposed to further discuss whether it is needed to add control channel interference indication over X2 interface.
Solution1(c) Exchange interference indication for control channels over X2
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