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1. Introduction
In RAN1#61 meeting, the enhanced ICIC (eICIC) scheme in a non-CA based heterogeneous network (HetNet) with macro-femto deployment was discussed and the following was agreed:
· 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
It was identified that, in macro-femto and femto-femto co-channel deployment, eICIC is required for the control channel. In this contribution, we discuss the interference mitigation of downlink control channel in macro plus femto deployment. 
2. Discussion
At previous RAN1 meetings, the method almost-blank subframe was discussed in [1-3] for eICIC of downlink control channels. The use of almost-blank subframe and the time shifting across cell-layers seem to have the largest potential to fulfill the objectives of maximal backward compatibility and minimal specification impact. The general idea of almost-blank subframe is to leave the control region as empty as possible in some downlink subframes. Based on this method in a macro-femto deployment, a Home eNodeB (HeNB) can turn off the transmission of PCFICH and PDCCH to avoid causing interference to macro UEs (MUE) in close proximity. However, in order to keep the UL HARQ timing, PHICH may need to be present. Thus, the almost-blank subframe approach enables the deduction of PCFICH and PDCCH signals from the interference. To enhance the effectiveness of almost-blank subframe, it is desirable to investigate whether it is feasible to maintain UL HARQ timing when PHICH transmission is turned off in some subframes. If not, then further study is needed regarding whether additional interference coordination of PHICH is required. 
Proposal 1: It is desirable to investigate whether it is feasible to maintain UL HARQ timing when PHICH transmission is turned off in some subframes. If not, further study is needed regarding whether additional interference coordination of PHICH is required. 

Contributions [2][3] addressed the almost-blank subframe only for one Macro eNB (MeNB) plus one HeNB deployment or one MeNB plus one Pico eNB (PeNB) deployment. In practice, the HetNet deployment is more complicated; HeNBs may be clustered, and the number of PeNBs in a macro cell depends on factors like UE distributions, coverage hole, coverage areas, and so on. Under the circumstances of multiple low power nodes (LPN) in a macro cell, the blanking pattern of almost-blank subframe is much more complex than in the case of one MeNB plus one LPN.  
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Figure 1(a) One MeNB plus one HeNB deployment. An MUE is in close vicinity to HeNB. 


[image: image2.emf]HeNB1

HeNB2

MeNB

MUE

HUEserved by 

HeNB2

 
[image: image3.emf]MeNB

HeNB1

Subframe 0 Subframe 3 Subframe 2 Subframe 1

Control Region

Data Region

Control Region (Blank) Data Region (Blank)

HeNB2


Figure 1(b) One MeNB plus two HeNBs deployment. An MUE is in close vicinity to HeNB1; an HUE served by HeNB2 is in the coverage overlap of two HeNBs.
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Figure 1(c) One MeNB plus two HeNBs deployment. An MUE is in close vicinity to HeNB1; an HUE served by HeNB1 is in the coverage overlap of two HeNBs.

Some examples are given in Figures 1(a)-(c). In Figure 1(a), the deployment is one MeNB plus one HeNB (called HeNB1), and an MUE is in close proximity of HeNB1. Since HeNB1 is the aggressor, some of its subframes are almost-blanked; a feasible blanking pattern is illustrated. In Figure 1(b), asides from the layout of Figure 1(a), there is one more HeNB (called HeNB2) whose coverage has some overlap with HeNB1. In the coverage intersection, there is a Home UE (HUE) served by HeNB2. In this scenario, similar to Figure 1(a), HeNB1 is the unique aggressor. Some of its subframes are almost-blanked, and MeNB and HeNB2 can keep control signals transmission in all subframes. In Figure 1(c), the setup is the same as in Figure 1(b) except that the HUE in the HeNBs coverage intersection is served by HeNB1. In this case, both HeNB1 and HeNB2 are aggressors, and both need to perform subframes blanking.    
From the examples given above, it is observed that blanking patterns of almost-blank subframe become more complex as the HetNet deployment is getting complicated. Consequences resulting from the observation are: First, the determination of which subframes to blank is not an easy task; as the number of LPNs grows, to determine the positions of blanking subframes, the exchange of information such as measurements, neighbor cell lists, etc. among MeNB/LPNs is abundant. Secondly, in almost-blank subframe method, an eNB (both MeNB and LPN) needs to know, for each of its served UE, to which subframes can this UE be scheduled? The amount of this information also grows proportionally to the complexity of HetNet deployment. For the first problem, some solutions, e.g. [4]-[6], have been proposed in [7] and [8]. For the second problem, a feasible solution is essential to put the almost-blank subframe method into practice.
To solve the problem, a general idea is that each eNB detects whether there are victim UEs in the vicinity of other eNBs. One algorithm for this purpose can be found in [9]. Then each victim UE feedbacks the neighbor cells list and their subframe blanking patterns to its serving eNB. In so doing, the eNB can schedule victim UEs at the subframes in which the aggressor eNBs turn off the control signal transmission. To make the idea happen, it needs some investigations including the procedure of victim UEs detection, e.g. periodic detection or by detection triggering, what measurements and information exchanges are required for the detection algorithm, the format of victim UEs feedback, the procedure of reporting the feedback, etc.

Proposal 2: Develop a scheme to enable an eNB to know which subframes can each of its served UE be scheduled.
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Figure 2 Cross-subframe assignment
When the method of almost-blank subframe is adopted, the number of blanking subframes generally increases with the complexity of HetNet deployment. The consequence is that a number of subframes cannot be scheduled for data transmission due to the turn-off of control signals. Thus, the system throughputs decrease, which may eventually contradict the original purpose of using a HetNet deployment to improve the overall system capacity. To remedy, cross-subframe assignment [1][2], allowing to use the control region of the p-th subframe to schedule the data transmission at the (p+1)-th subframe (see Figure 2), can be utilized to diminish the waste of data region. We suggest RAN1 to study the details of cross-subframe assignment, including the mechanism to identify whether cross-subframe assignment is activated, the maximal allowable delay (in subframes) between the scheduling assignment/grant in PDCCH and the data transmission, etc. 

Proposal 3: Study the details of cross-subframe assignment.      
3. Conclusions
In this contribution, we share some of our views on the eICIC scheme of almost-blank subframes. Some proposals are also suggested below. 
Proposal 1: Investigate whether it is feasible to maintain UL HARQ timing when PHICH transmission is turned off in some subframes. If not, further study is needed regarding whether additional interference coordination of PHICH is required. 

Proposal 2: Develop a scheme to enable an eNB to know which subframes can each of its served UE be scheduled.

Proposal 3: Study the details of cross-subframe assignment.      
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