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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. The low geometries seen in heterogeneous deployments [10] necessitate the use of interference coordination for both control and data channels to enable robust operation. In previous meetings, a number of interference coordination strategies have been proposed [1]-[9]. In this contribution, we analyze the interference coordination methods with our proposals for further study and work.

2. Discussion
2.1. Interference coordination for R8/9 system

In R8 system, inter-cell interference coordination has been considered. 
· For shared channel, ICIC has been proposed to improve the cell edge user performance while the cell central user performance decreases a little. When applying ICIC, parameters such as OI, HII and RNTP are exchanged between eNBs. To determine the exchanged parameters, several measurement parameters such as UL received interference power at eNB side and RSRP/RSSI at UE side are supported in R8 system. 
· For control channel, the inter-cell interference problem has been considered when designing the control channel structure, and hence no ICIC is applied for control channel. 
For R9 system, no additional measurement parameters and behaviors are defined.

Interference coordination methods defined in R8/9 system aim to solve the interference problem in homogeneous networks. Taking the heterogeneous network into account, due to the smaller transmission power and coverage of the lower power nodes, current interference coordination methods cannot be directly applied to handle the interference problem in heterogeneous networks. Thus, enhanced interference coordination method should be considered for heterogeneous networks.
2.2. Interference coordination for R10 system
In R10 system, multi-carrier operation can be supported. The introduction of multi-carriers can facilitate the interference coordination problem. Thus, our discussion can be divided in to two cases:
· Co-channel single-carrier deployment

· Multi-carrier deployment
2.2.1. Co-channel single-carrier deployment

In this case, both Macro eNB and lower power nodes work on the same carrier. Many contributions [2][4][7][8] discussed the interference coordination methods in co-channel deployment scenario.
· Interference coordination for control channel

1) Blank subframe + Cross-subframe assignment

In this option, the existing PDCCH design can be reused except that the control channel of certain subframes should be turned off. The scheduling command for the muting subframes may be assigned in the remaining subframes, without considering R8 compatibility. However, this option may cause a large PDCCH blocking probability and R8 UE can only access remaining subframes.
2) Blank subband

Without any muting of subframes, the certain carrier is divided into several subbands, and MeNB and lower power nodes can coordinate to use different subbands to avoid mutual interference. The coordination process can be executed in a static, semi-static or dynamic way. However, this option cannot provide R8 compatibility either.

3) Time shifting

By this method, subframe/symbol offset is set between MeNB and lower power nodes. Thus, control channels are staggered and interference is decreased. However, this method is not suitable to synchronization-limited system, e.g. TDD system.

All the methods mentioned above cannot provide R8 compatibility. So we propose to mitigate the interference problem in control channel by coordinating the control area size between interfering eNBs. MeNB and lower nodes can alternatively configure MBSFN subframe and set their control channel size to 1 to avoid completely control channel collision.
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Fig 1: Proposed solution for control channel interference mitigation

As illustrated in Fig 1, for example, in subframe n, MeNB sets its control channel size to the maximum number (3 for large bandwidth and 4 for small bandwidth) while the lower power node can configure this subframe as a MBSFN subframe and set its control channel size to 1. In this way, only one control symbol for MeNB is interfered by lower power nodes. So the performance for MUE can be improved. 
Then, in other subframes, lower power nodes can set their control channel size to the maximum number while MeNB configure this subframe as a MBSFN subframe and set its control channel size to 1.

The MBSFN pattern configured for MeNB and lower power nodes can be exchanged and coordinated between MeNB and lower power nodes. Also, the MBSFN pattern can be changed with some factors such as the traffic load and fairness consideration.

The proposed solution can keep R8 compatibility. However, it can only mitigate rather than solve the interference problem. Considering in Macro + Pico deployment scenario, as shown in Fig 2 below (detailed simulation parameters can be found in [10]), the SINR for most of the UEs is above -10dB. In such a scenario where there is opportunity to mitigate interference to an acceptable level, this proposed solution can be applied to improve the system performance.
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Fig 2: DL SINR in Macro + Pico deployment scenario

However, for Macro + Femto deployment scenario, as shown in Fig 3 below (detailed simulation parameters can be found in [10]), the SINR for some UEs are rather low (less than -20 dB), the proposed solution is not expected to work well.
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Fig 3: DL SINR in Macro + Femto deployment scenario

Proposal 1: For co-channel Macro + Pico deployment scenario, coordination in the MBSFN configuration  and control channel size between MeNB and Pico can be applied to mitigate the interference problem for control channel. 
Proposal 2: For co-channel Macro + Femto deployment scenarios, heterogenous network cannot work with R8/9 compatibility. Other solutions should be considered for further study.
· Interference coordination for shared channel

Techniques for shared channel interference mitigation can be seen as an enhancement of R8 ICIC. A number of methods have been proposed which mainly rely on proper scheduling strategies, and also some measurement parameters may be needed for scheduling demand. In particular, two main schemes can be considered for shared channel interference coordination in heterogeneous network. 

1) Backhaul-based interference coordination
It has not been decided that whether X2 interface is introduced for HeNB. If this interface exists, the interference coordination information can be exchanged via backhaul link. 

2) OTA-based interference coordination
If backhaul interface is not available, OTA-based interference coordination may be an effective way. Two methods can be considered to carry out OTA-based interference coordination:

a) The UE relays interference coordination information between MeNB and lower power nodes. In this option, some UEs (e.g. cell edge UEs) need to relay additional coordination information between neighbour eNBs which may degrade the performance of these UEs. Furthermore, such UEs may not always exist and the transmission of these UEs may unreliable.

b) The lower power node and MeNB exchange information by air interface directly. In this option, nodes need to blank some downlink subframes to listen to the interference coordination information, for example, by configuring MBSFN subframes.

For either backhaul-based or OTA-based interference coordination, some extra parameters besides OI, RNTP and HII may be exchanged. For example, the DL-HII like information, the specific resource allocation information and/or some spatial related information can facilitate nodes to utilize the resources that cause less interference to neighbours. To realize the above, additional measurement types need to be introduced while considering complexity. It should be carefully to select those additional measurement types. Whether a measurement type should be introduced may depend on the many factors. However, several principles should keep in mind first as follows:

a) The impact to the Macro system should be as minor as possible

b) The implementation complexity should be as minor as possible

Proposal 3: Enhancement of ICIC can be applied to solve the interference problem for shared channel in co-channel deployment scenario. The necessary measurement types and information exchanging which need to be introduced in heterogeneous network should be FFS.
2.2.2. Multi-carrier deployment

In this scenario, multiple carriers can be used to mitigate the interference problem. Two cases can be envisioned.

· Non-overlapping carrier allocation

When MeNB and interfering lower power nodes work on non-overlapping carriers, the mutual interference can be quite low. In this option, it should be considered that how to allocate the available carriers between MeNB and lower power nodes. Generally, the carrier allocation process can be either static or semi-static. For the static case, MeNB and lower power nodes can work on predefined carriers. For the semi-static case, the carriers MeNB and lower power nodes occupy can be semi-static changed according to the interference condition, load in each carrier, backhaul quality and/or other factors. On the other hand, the carrier allocation process can be implemented in either centralized or distributed way.
In our opinion, the static carrier allocation is not adaptive. If load or interference level changes greatly, this method cannot always provide best performance. Thus, we suggest that semi-static carrier allocation should be applied. Considering the uncertain activity of the lower power nodes, distributed carrier allocation with mutual coordination would be more practical. When choosing working carrier, several factors such as traffic loads, interference and fairness should be taken into account.

· Overlapping carrier allocation 

When MeNB and interfering lower power nodes work on overlapping carriers, mutual interference can be decreased by power control or schedule priority control. CA strategies which have been introduced in R10 system can be applied to handle the control channel interference problem in heterogeneous network. 

[image: image4.emf]Marco 

eNB

HeNB 1

Marco UE

HUE

f1

f2

f1

f2

MeNB

HeNB


Fig 4: Overlapping carrier allocation

As illustrated in Fig 4 above, MeNB can work on carrier f1 with high power and f2 with low power in control channel. As f1 and f2 are R8 compatible carriers, R8 and R10 MUEs can work on both carriers. For R8 MUEs, due to the lower transmission power of f2 in control channel, only cell central R8 MUEs are expected to work well on f2. However, as the transmission power in control channel for f1 is high, both cell central and cell edge R8 MUEs can work on f1. For R10 MUEs, cross carrier scheduling can be used to handle the interference problem, the scheduling command can be located in f1 while the data transmission can be located in both f1 and f2.

HeNB can work on both f1 with low power and f2 with high power in control channel to avoid strong interference with MeNB in control channel. R8 HUE can work on either f2 or f1 if the control channel of HUE can be reliably received. The scheduling command for R10 HUE can be located in f2 while the data transmission can be located in both f1 and f2.
In order to manage interference, information about carrier allocation should be exchanged.

For the interference of shared channel, similar interference coordination methods as co-channel deployment scenario can also be applied.

Proposal 4: Both non-overlapped and overlapped carrier allocation can be used in heterogeneous network. Carrier allocation and other corresponding information should be exchanged.
3. Conclusion
In this contribution, we reviewed existing interference coordination mechanisms for control and data channels with several proposals:

For co-channel single carrier deployment scenario:

Proposal 1: For co-channel Macro + Pico deployment scenario, coordination in the MBSFN configuration  and control channel size between MeNB and Pico can be applied to mitigate the interference problem for control channel. 

Proposal 2: For co-channel Macro + Femto deployment scenarios, heterogeneous network cannot work with R8/9 compatibility. Other solutions, such as frequency separation should be considered for further study.

Proposal 3: Enhancement of ICIC can be applied to solve the interference problem for shared channel in co-channel deployment scenario
· The necessary measurement parameters and information exchanging which need to be introduced in heterogeneous network should be FFS.
For multi-carrier deployment scenario:

Proposal 4: Both non-overlapped and overlapped carrier allocation can be used in heterogeneous network. 
· Carrier allocation and other corresponding information should be exchanged.
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