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1 Introduction
The eICIC WI has been discussed based on Heterogeneous NW (HetNet) SI discussion. A Way forward on control channel protection from the interference for Macro eNodeB (MeNB) – Home eNodeB (HeNB) and HeNB – HeNB deployment scenario was agreed in the last RAN1 meeting [1]. In this contribution, we compare the control channel protection schemes for the interference from the HeNB to the Macro UE (MUE) in the MeNB – HeNB deployment scenario and show our preferred schemes. 
2 Analysis of the candidate schemes
In the last RAN1 meeting, a Way forward on control channel protection from the interference for the Macro eNodeB (MeNB) – Home eNodeB (HeNB) and the HeNB – HeNB deployment scenario was agreed as follows;

· Macro-Femto and Femto-Femto co-channel deployment
· Dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto; in this case:

· Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference. 

· Enhanced interference management is needed

· Techniques in TR36.921 can be considered where appropriate

[image: image1.emf]In this contribution, we compare the control channel protection schemes for the interference from the HeNB to the Macro UE (MUE) in the MeNB – HeNB deployment scenario. This scenario is listed as interference scenario (a) in TR36.814 [2]. Fig. 1 shows an example of the interference scenarios in the MeNB – HeNB deployment which were captured in TR36.814 [2]. 
Fig. 1. Example of interference scenarios in MeNB-HeNB deployment
(Solid line: desired signal, Dash line: interference)

In this scenario, at least, following conditions would be required for the candidate control channel protection schemes which have been proposed in WID [3];
· Modification impacts on existing specifications, especially physical layer specifications, should be minimized
· Backward compatibility with legacy UEs should be kept.
In order to compare the candidate control channel protection schemes, we analyze pros and cons for each scheme. The candidate schemes related with the control channel protection schemes for the interference from the HeNB to the Macro UE (MUE) in the MeNB – HeNB deployment scenario are listed as follows;
1. HeNB Frequency selection
2. HeNB power setting 
3. Time shifting (symbol/subframe level offset) 
4. Frequency partitioning of PDCCH 
5. Additional PDCCH resource space (Extended PDCCH)
We try to analyze pros and cons for the schemes for these candidate schemes; 
[1. HeNB Frequency selection]

<Pros>
- Interference between the MeNB and the HeNB for not only control channels but also data channels can be mitigated since the resource for the MeNB and the HeNB is not overlapped.

- Backward compatibility can be maintained since both the Rel.8 UEs and the Rel.10 UEs can occupy each frequency bandwidth.

- The frequency selection is suitable to be applied to multi-layer condition of the frequency carrier.

<Cons>
- Multiple frequency carriers which can be allocated to the MeNB or the HeNB are needed.
[2. HeNB power setting]

<Pros>
- Both the MeHB and the HeNB can use the entire bandwidth with interference coordination for not only controls but also data channels.

- Backward compatibility can be maintained since both the Rel. 8 UEs and the Rel. 10 UEs can apply to the power setting.

- Signalling exchange between the MeNB and the HeNB is not necessary.

<Cons>
- HeNB measurement scheme for the power setting would need to be standardized if the result of the HeNB measurement is used.

- Not fully effective in case the MUE is located very close to the HeNB even HeNB power is set to minimum power level.
[3. Time shifting (symbol/subframe level offset)]

<Pros>
- Control channels such as PDCCH, PBCH, PSCH, and SSCH of the MeNB can be protected because the interference from the HeNB’s control channels can be avoided if muting of MeNB transmission power is also used
- No impact on PDSCH performance 

<Cons>
- Synchronization between the HeNB frame timing and the MeNB frame timing would increase complexity of implementation and needs additional signalling overhead especially in symbol-level time shifting and in FDD.

  - The MUE still receives interference on its PDCCH and PDSCH from the the HeNB’s corresponding PDSCH and PDCCH, respectively if muting of MeNB transmission power is not used.
[4. Frequency partitioning of PDCCH]

<Pros>
- PDCCH of the MeNB can be protected since interference from the HeNB’s PDCCH can be avoided.

<Cons>
- Frequency partitioning of PDCCH also leads to frequency partitioning of PDSCH for especially the Rel. 8 UEs, which causes peak rate reduction.

- Backward compatibility can not be maintained since the Rel. 8 UEs can only occupy a frequency partition of the entire bandwidth while Rel. 10 UEs can occupy the entire bandwidth.
[5. Additional PDCCH resource space (Extended PDCCH)]

<Pros>
- PDCCH of the MeNB can be protected since interference from the HeNB’s PDCCH can be avoided.

<Cons>
- Backward compatibility can not be maintained since the Rel.8 UEs can not detect the extended PDCCH.
- The HeNB and the MeNB’s PDSCH performance is degraded because of the extended PDCCH resource space.
3 Consideration
In this section, we further study based on the analysis in the previous section and show our preferred control channel protection scheme for the interference from the HeNB to the MUE in MeNB - HeNB deployment. When we consider the requirements for interference mitigation technique which were listed in the previous section, we could see the HeNB frequency selection scheme is better than other schemes since the HeNB frequency selection scheme can remove fundamental interference causes from the HeNBs to the MUEs with less specification impacts and with keeping UE backward compatibility. More detail consideration on the HeNB frequency selection scheme is described in [4].  Therefore, we propose; 

Proposal 1: HeNB frequency selection scheme should be considered as first interference mitigation technique  

However, the HeNB frequency selection scheme requires multiple frequency carriers which can be allocated to the HeNB. If operation can not allocate the multiple frequency carriers, then we have to consider another interference mitigation technique. As the second approach of interference mitigation technique, we think the HeNB power setting scheme could mitigate the downlink interference for control channel with keeping UE backward compatibility. More detail consideration on the HeNB power setting scheme is described in [5]. Therefore, we propose;

Proposal 2: HeNB power setting scheme should be considered as second interference mitigation technique
We also propose that RAN1 should discuss the HeNB frequency selection scheme and the HeNB power setting scheme for mitigation of interference from the HeNB to the MUE at first. If above two proposals are not satisfied to mitigate interference from the HeNB to the MUE, we would need other interference mitigation techniques (i.e. Time shifting). 
4 Conclusion
In this contribution, we compared the control channel protection schemes for interference from the HeNB to the MUE in MeNB – HeNB deployment scenario. Based on the comparison, we propose;

Proposal 1: HeNB frequency selection scheme should be considered as first interference mitigation technique for control channel
Proposal 2: HeNB power setting scheme should be considered as second interference mitigation technique for control channel
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