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1 Introduction

In RAN3 #76 meeting, one LS was sent to RAN1 about the downlink interference mitigation for carrier based HetNet ICIC. This contribution would provide some preliminary analysis with the respect to the questions from this LS.
2 Discussion 
An LS from RAN3 [1] was sent for RAN1 to consider the feasibility and benefits of some potential solutions to solve the downlink interference in the scenario where users are served by a pico cell while still far away from it and therefore suffer from a strong interference from the macro cell. That is 
· With respect to the user plane, information about transmit power for Physical Resource Blocks (PRBs) used for data channels is exchanged among eNBs. In this regard RAN3 has identified two options, the first consisting in enabling RNTP threshold negotiation between victim and aggressor eNBs and the second consisting in enabling the victim eNB to recommend a transmit power (or transmit power reduction) to the aggressor eNB. RAN 3 kindly asks RAN1 to evaluate the feasibility and the benefits of these enhancements compared with available solutions.
· With respect to the control plane, RAN3 has discussed different mechanisms and kindly asks RAN1 whether a coordination of protected resources in the frequency domain between eNBs is beneficial for the problem above.
From the viewpoint of RAN1, regardless of whether CB-ICIC is used, the most important interference issue to address would be the interference from CRS to the data/control channels rather than the interference between data channels or control channels, and the RAN3 proposals do not affect CRS interference at all. It may be pointed out that the interference issue is similar to the co-channel case discussed in FeICIC. It was agreed in RAN1 FeICIC study that at most 9dB CRE bias will be considered, and therefore, the most severe downlink interference scenario is when 9dB CRE bias is used [2]. With up to 9dB CRE bias, the interference from CRS can be mitigated utilizing UE receiver-based techniques for DL control/data demodulation (PDCCH/PDSCH). 

In addition, the terms “user plane” and “control plane” seems not so accurate from the perspective of RAN1. Therefore we replace them with “data channel” and “control channel” in the following discussion.
2.1 With respect to the data channel
Firstly when the CRE bias is no larger than 9dB, both options listed in Table 1 used with UE receive-based solutions might be beneficial to mitigate the interference, but the options cannot reduce the CRS interference which is the main issue to be solved. 
On the other side, when interference larger than 9dB is considered in CB-ICIC, these options could not benefit the victim UEs since the CRS interference is already beyond the UE receiver capability of Rel-11, that is the CRS interference issue cannot be resolved. In this case unless additional enhanced techniques to deal with the CRS interference are considered, such as configuring MBSFN subframe or utilizing new carrier type, these options may not be helpful to mitigate the interference between data channels. 

Therefore the DL data channel interference problem could only be alleviated, but not fully solved, by the above X2 exchange options alone. From this aspect all these X2-based options alone could not be regarded as solutions.
Table 1. Two options for Carrier-based HetNet ICIC with respect to the user plane

	Option 1
	3-A-2
	Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about

	
	3-A-4
	Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB to increase or decrease the used RNTP threshold

	Option 2
	3-A-3
	Enable an eNB to send the recommended transmit power and/or expected power reduction to another eNB, to achieve protected resources 


In addition, even if the above options could alleviate the DL data channel interference, further simulation results would be needed to clearly determine the benefits of these options. Obviously this would consume a lot of effort and time in RAN1 and therefore no confirmed solutions can be suggested by RAN1 at this stage.

2.2 With respect to the control channel
The purpose of the candidate solutions listed in Table 2 is just to help the receiving eNB select the protected carrier to transmit the control channels, and hence these candidate solutions by themselves do not solve the CRS interference. The analysis for the case where the CRE bias is no larger than 9dB is similar to the discussion for the data channel. 

For the case where the CRE bias is larger than 9dB, even if MBSFN subframe is configured or utilizing new carrier type is considered, dealing with the CRS interference should still be addressed at least for the common search space part of PDCCH. In addition, even if EPDCCH is configured, it also seems that the following solutions alone could not solve all problems since the common search space is not supported in the data channel region and it still suffers from CRS interference. 
In summary the following solutions alone could not solve the interference from CRS to the control channels especially for the case when CRE bias is larger than 9dB.
Table 2: Candidate solutions for Carrier-based HetNet ICIC with respect to the control plane
	Solution 1
	1-A
	Exchanges the information about Pcell vs. SCell carrier loading over X2

	
	1-C
	Exchange interference indication for control channels over X2

	Solution 2
	
	OAM Pre-configures protected PDCCH carrier component(s) to involved eNBs 

	Solution 3
	3-B
	Exchange information about the configuration of protected PDCCH carrier component(s) over X2


Furthermore, to compare the benefits that may be provided by each solution, time-consuming simulation work would also be needed.
3 Conclusion
This contribution provides some analysis with respect to the questions from the LS of RAN3 about the downlink interference mitigation for carrier based ICIC. The proposed answers are: 
· After some discussion, RAN1 is of the opinion that the proposed enhancements from RAN3 do not solve the downlink interference problem in the given scenario though it may provide some potential improvement together with the existing mechanism such as ABS and CRS interference handling at the UE receiver when CRE is not larger than 9 dB. Furthermore, the related evaluation for these schemes requires a lot of effort and time before RAN1 can provide a solid answer.
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