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1. Introduction
In heterogeneous networks, the interference problem may become serious due to the introduction of lower power nodes which leads to low geometries especially in the co-channel deployment scenarios. The low geometries seen in heterogeneous deployments [1] necessitate the use of interference coordination for both control and data channels to enable robust operation. In the previous meeting, many interference coordination methods for control channel have been proposed [2] ~ [7]. In this contribution, we give a preliminary assessment to the proposed methods considering R8/9 backward compatibility and impact to the specs.
2. Discussion 
The interference in heterogeneous network depends on the scenarios. As analyzed in [1][10], for Macro + Femto deployment, the downlink interference is severe (the interference from FeNB to MUE in its coverage), implementation based method such as purely R8/9 power control can not totally solve the interference problem, particularly for control channel. For Macro + Pico scenario, the downlink interference problem is not severe [1] when RE is not applied, no additional method is needed to handle the interference problem, although additional interference coordination method can further improve the performance of cell edge UEs. When RE is applied to cover more UEs in lower power nodes, the interference become much worse so that a large amount of UEs can not work. In this scenario, additional interference coordination method is needed to guarantee the control channel performance.
The main motivation of the interference coordination is to avoid transmission collision in the same time/frequency resources. So in some specific time/frequency resources, certain eNBs need to be muted or implement transmission control. As analyzed in [2] [8], only the nodes which cause severe interference to other layers’ UE need to be muted. In Macro + Pico deployment, only resources of Macro need to be muted. In Macro + Femto deployment, only resources of Femto need to be muted. 
When considering the interference coordination methods for control channel, several principles should be kept in mind:

· Legacy of R8/9 UE
· Guarantee performance of edge UEs from overlaying

· Impact to specification as little as possible
· Consider the tight time scale, even to other WGs
In the remaining sections, we focus on the co-channel interference coordination methods for control channel and discuss the characteristics of the proposed methods..
Currently, the proposed interference coordination methods for control channel are:
· Interference coordination via resource partition (in either time or frequency domain)
· Interference coordination via new control channel
2.1. Interference coordination via resource partition
The motivation of this method is to avoid transmitting information in interfering resources, the resource partition can be in either time or frequency domain.
· Time domain coordination
· Configure MBSFN subframe [2]
In this method, some subframes are configured as MBSFN subframes to avoid completely interference in control channel. As analyzed in [2], the performance of all the control channels can be improved with the help of additional power control and scheduling. and the R8 compatibility can be maintained. However, as some resources are muted to avoid causing large interference, the coverage of PBCH may be decreased. Also, as the interference in the time domain may vary dramatically, traditional measurement mechanism may lead to unnecessary RLF declaration.  Thus, further studies should focus on:

· The impact on coverage if some subframes is muted.

In the design of R8 system, the information for PBCH is repeated for several times to guarantee the reception performance. If some subframes are muted, the performance will degrade as combination utility is decreased, that leads to the reduction of the coverage. However, the coverage of PBCH in R8 design is normally larger than 1 Km. When one or two subframes is muted, that leads to about 100 M ro 200M coverage reduction accordingly. Comparing to the supported coverage and practical need, it seems not a serious issue.
· The unnecessary RLF declaration 

In R8 system, the RLF declaration is based on the CRS measurement, and the measurement result is an average value during a certain period. Interference of those subframes which are configured as MBSFN at the interfering system side has less interference at interfered system side. So the interference degree would be quite different from the rest subframes for edge interferer users. That leads to large variation of the channel link quality. This introduces great impact to the RLF declaration. 
One proposed solution is to have channel quality measurement subframe-specificly [9].The variation of interference can be reflected and inappropriate RLF declaration can be mitigated. However, additional higher layer signal which is used to inform the UEs the measurement and radio link monitoring set are needed. Furthermore, the modified report mechanism is needed, that may not keep R8 compatibility. 
· Time shifting [3]
OFDM symbol shifting and/or Subframe shifting could be applied to eliminate the control channel interference including PBCH/P/S-SCH interference. Interfering node power reduction or muting on the portion of symbols (or symbols) that overlap the control region of the victim node is needed. 
Almost no impact to spec is needed except for higher layer signal informing symbol shift. However, this method has several problems: 
· Impose synchronization requirement for FDD system
FDD system is not required to be synchronized in R8 system. In this method, synchronization is a must to avoid interference in control channel, that will be a further constraint for the current FDD system.
· Not applicable to TDD – synchronization broken / GP limitation
As the TDD system is synchronized, this method will break the time scheduling. If the shift applied to all DL/UL subframes, serious UL/DL interference will be introduced. If GP is used to handle the UL/DL interference problem, then the effective length of GP is decreased, that leads to the reduction of the coverage. 
· PDSCH Resource efficiency
In order to avoid the interference from PDSCH to the control channel, some PDSCH symbols need to be muted or transmit with low power. If the size of control channel is 3, 3 symbols need to be muted accordingly which means at least 27% (3/11) resources are wasted. If the interference coordination for PBCH is considered, there will be even more reserved resources. Also the occupying resource ratio normally could not be adjusted so flexible according to elements like UE load and UE’s channel quality. That will lead to consistently low efficiency of co-channel Het-Net deployment. 
· Collision of PBCH depends on number of shifting symbols
Considering the collision of PBCH, the number of symbols shifted should be strictly designed which also increase the complexity and decrease the resources efficiency. 
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Fig 1: interference coordination via time shifting
· Frequency domain coordination

In general, the frequency domain interference coordination can be:
· Interference coordination inside the system bandwidth [4]
In this method, interfering node transmits its control channel in a fractional of the entire system bandwidth while the victim node can transmit the control channels in the non-overlapped fractional system bandwidth. R10 UEs can occupy the entire bandwidth while R8 UEs can only occupy a fractional of the bandwidth. 
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Fig 2: interference coordination via segment
However, in R8 system, the PBCH and synchronization channels are located in the central 6 RBs of the downlink bandwidth. So the center frequency location is different for the same carrier which means two “zero frequency points” exsits. Considering that, the index for resource mapping needs to be changed and that also increases the implementation complexity. Furthermore, for interfering node and victim node, the PBCH and synchronization signals are located in no conventional location. Whether such a carrier is the allowed carrier so far needs further discussion.
The UL system bandwidth is different for R8 and R10 UEs using this method that may cause PUCCH interference when continuous PUSCH transmission resource scheduled for R10 UEs. If non-continuous PUSCH transmission is applied to handle the interference problem, the CM value will be high. This method also imposes some limitation for the uplink resource efficiency such as RACH and SRS. The SRS configuration is related to the UL bandwidth, if the UL system bandwidth is different for R8 and R10 UEs, they can not be multiplexed as their sequence can not achieve orthogonal. The resource for RACH is informed in SIB, if R8 UEs and R10 UEs share the same RACH resource, some resources will be wasted since resource fragment is generated.
· Interference coordination by introducing additional carriers[5]
In this method, one carrier is always free of interference, the other used for co-channel deployment of both interfering node and victim node to maximize the frequency resource utilization. As shown in Fig 3, victim node can operate in the both carriers while the interfering node can only operate on f2, thus f1 is not interfered by the interfering node. If some victim UEs which are initially served on f2 is interfered by the interfering node (e.g. move into the coverage of a CSG cell), they can automatically request an inter-frequency handover to f1 to avoid interference.
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Fig 3: interference coordination by additional carrier
The interference problem can be completely avoided in this method. However, the resource efficiency would be rather low especially in the scenario which only small amounts of UEs are interfered by interfering node.
The main motivation for co-channel deployment of both interfering node and victim node is to maximize the resource efficiency and system capacity by Het-Net when there is lack of frequency. If two carriers are available for interfering node or victim node, CA mode is more possible for R10 users to improve the resource efficiency unless users do not have such a capability. And for R8 users, it is almost equivalent to the traditional inter-frequency method. So it may not really solve the problem which introduced because of lack of available spectrum resource.

2.2. Interference coordination by new control region 
In this method [7], victim node transmits the legacy control channel region with full power while the interfering node may transmit PDCCH in the legacy control channel region with lower power to avoid interference, in order to transmit its own control channel, the PDCCH region is extended to PDSCH for interfering node. So only center R8 UEs can be served by interfering node as shown in Fig 4:
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Fig 4: interference coordination via E-PDCCH
As the transmission power of control channel for interfering nodes is low in legacy control region, only cell center R8 UEs can be served by interfering node. For the R8 UE which is far from its serving interfering node, since legacies R8 UEs do not support E-PDCCH, they may not work at all due to the weak signal power and high interference power from victim node, so the interference problem still exists and additional interference coordination method is needed either.
3. Conclusion
In this contribution, we review the proposed interference coordination methods for control channel and give a preliminary assessment to the proposed methods. 
As discussed above, the interference method via configuring MBSFN subframes can solve the co-channel interference problem although some potential problems, such as unnecessary RLF declaration, still need further work. Considering the tight time limit of the WI project, such kind of method which introduces less implementation complexity and impact to the spec should be studied with higher priority.
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