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1. Introduction
This contribution discusses Non-CA based enhanced inter-cell interference coordination (eICIC) schemes for control channel in HetNet. In RAN1 #61 meeting, companies reached the following conclusions [1].
· 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
In this contribution, firstly our consideration for Non-CA based eICIC solutions is summarized. Then non-CA based eICIC solutions for control channel are reviewed and our views are shared. In particularly, this contribution focuses on the eICIC schemes for Macro-Femto co-channel deployment although they could be used in other scenarios. Lastly, conclusions are made.
2. Consideration of eICIC design for control channel
With discussion on non-CA based eICIC design for control channel in HetNet, the following aspects are required to be considered:
· Backward compatibility for Rel8/9 terminals 
· Minimal physical layer air interface impact
It is agreed in RAN #47 meeting that the solutions shall ensure backward compatibility for Rel8/9 terminals as well as minimize physical layer air interface impact. Therefore, the above two principles are very important for us to provide the eICIC solutions for control channel.
· Good performance for control channel and coverage
The performance of control channel is important for system performance because there is no HARQ for control channel. Furthermore, the control channel performance needs to be guaranteed in high interference scenario because the coverage hole is not expected to exist.
· Capacity of control channel
Since the system load may change, the capacity of control channel needs to support the high load scenario.  

· Impact on data channel
The system throughput gain is one of our design goals for HetNet. Thus, if the interference of control channel is shifted to the data channel, its impact on data channel needs to be considered.   
3. Discussion on eICIC design for control channel
With the above consideration, some schemes are analyzed. Based on analysis results, we share our views on eICIC solution for control channel in HetNet. For eICIC solutions, they are divided into three kinds which are time domain solutions, frequency domain solutions and other solutions. They are discussed in detail as follows.
· Time domain solutions
There are four kinds of solutions in time domain. They are TDM-based solution, almost blank subframe, symbol level time shift and MBSFN, respectively.

· TDM-based solution [2]
By TDM-based resource partition, the Femto cell and Macro cell use the control channel according to a rule for the order of transmission time intervals. Thus, orthogonality for control channel is guaranteed and the interference is eliminated. However, Rel.8/9 UE could not identify the special subframe without control channel and the backward compatibility could not be satisfied. Moreover, the common reference signals (CRS) need to be transmitted in every subframe because they are used for Rel.8 users to estimate the channel quality. Their interference could not be eliminated. 
· Almost blank subframe [3-4]

For almost blank subframe solution, only CRS in the control region or the whole subframe region are transmitted for the Femto cell. It eliminates the interference to the Macro cell. However, this method could not avoid CRS interference. To indicate the scheduling decision for almost blank subframe, the cross subframe scheduling is used [3]. In current specification, there is no signaling support for cross subframe scheduling. If this scheme is used, it may introduce new DCI formats and have large impact on the physical layer air interface.    
· Symbol level time shift [5-8]
Symbol level time shift could be used to eliminate the control channel interference including PBCH/P/S-SCH interference. To avoid the collision of PBCH, the number of shift symbol needs to be carefully designed. After symbol shift, overlapped data channel of Femto cell causes interference to control channel of Macro cell. Muting or puncture for overlapped data channel may be used to eliminate interference. To reduce the impact on the data channel of Femto cell, resource element (RE) puncture method may be used [5]. The punctured RE number may be dynamically changed according to the interference scene. To guarantee the effect of this method, the synchronization is a prerequisite.     
· MBSFN [8-10]
The interference in control channel could be completely eliminated by configuring some subframes as MBSFN subframes. And the compatibility is guaranteed. However, the coverage of PBCH is reduced when some resources are muted to avoid causing large interference. And, the traditional method to evaluate radio link failure may be not accurate because the interference is different between the normal subframes and MBSFN subframes. Moreover, this method could not be used in 0, 4, 5, 9 (for TDD 0, 1, 5, 6) subframes because these subframes may be used for PBCH, P/S-SCH and paging. Thus, the interference in these subframes could not be eliminated. 
Based on the consideration in the previous section and the above discussion, our proposal is as follows:   
Proposal:
· Symbol level time shift with RE puncture is preferred to be eICIC scheme for control channel in HetNet.
· Frequency domain solutions
There are two kinds of solutions in the frequency domain. They are frequency shrinking and FDMA.
· Frequency shrinking [11]
Macro cell and Femto cell transmit their control channel in non-overlapped partial system bandwidth. Thus the interference is eliminated by orthogonal frequency resource partition. For data channel, the whole bandwidth could be used for Rel.10 users and only partial bandwidth could be used for Rel.8 users. Therefore, the bandwidth of PDCCH is smaller than PDSCH for Rel.10 users. The capacity for control channel becomes small. For high load scenarios, the system only supported the limited user number due to reduced PDCCH resource.
For PBCH and synchronization channel, they are located in the central 6 RB of downlink bandwidth. There exists interference between Macro cell and Femto cell with frequency shrinking method. For uplink channel, if the UL system bandwidth is different for R8 and R10 UE, it causes limitation for SRS design. Therefore, this gives impact on the physical layer air interface.          
· FDMA [12]
Direct FDMA for interference coordination is not effective because CCEs used for the transmission of DCI formats are distributed over the whole BW after PDCCH interleaving. However, eNBs could choose orthogonal positions in the search space for different UEs in different cells. And different cells may choose different subsets of search space. This method eliminates the interference by orthogonal frequency resource partition. And the compatibility could be guaranteed. However, the search space may be modified for Rel.10 UEs. To achieve more design freedom, we may remove the limitation of fully orthogonal search space. And, only a certain degree of orthogonality needs to be guaranteed. Some robust methods, such as increasing aggregation level [13] and increasing sparseness of PDCCH region [10, 12] may be combined with FDMA methods with search space division.
Based on the consideration in the previous section and the above discussion, our proposal is as follows:
Proposal:
· FDMA with search space division is preferred to be eICIC scheme for control channel in HetNet.
· Optionally, other robust methods, such as increasing aggregation level and sparseness, may be combined with FDMA methods.
· Other solutions

· Design new PDCCH channel [14]
Macro cell transmits the legacy control channel region with full power while Femto cell transmits PDCCH in the legacy control channel with lower power or even zero power to avoid interference. The Femto cell transmits its own control channel with extended PDCCH region. Therefore, it needs a new control channel for standard. Furthermore, it has bad backward compatibility because Rel.8 users do not support new control channel. When Rel.8 Macro users are near or even in the Femto cell, they may not work due to weak signal power and high interference from Femto cell.
4. Conclusions
Based on the above discussion, our proposals are as follows:
· Symbol level time shift with RE puncture is preferred to be eICIC scheme for control channel in HetNet.
· FDMA with search space division is preferred to be eICIC scheme for control channel in HetNet.
· Optionally, other robust methods, such as increasing aggregation level and sparseness, may be combined with FDMA methods.
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