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1. Introduction
Interference coordination is an essential technology component in heterogeneous networks. Micro cells (created by RRH, pico eNB, HeNB, and relay node) newly added on top of macro cells become additional source of interference and make new “cell bounaries” where UEs undergo strong inter-cell interference. In addition, difference in transmission power between macro and micro cells makes this interference problem more serious, especially in case of a CSG cell, as a UE sometimes is associated with an eNB to which the pathloss is not the smallest. Thus, we can hardly exploit the potential benefits of heterogeneous networks unless this interference issue is carefully managed by means of “interference coordination.”
A lot of documents have been submitted to discuss about the interference coordination issue in heterogeneous networks [1-8]. This contribution provides some discussions on the coordination between a macro cell and a micro cell
 in the aspects of
· Coordination methods
· Delivery of coordination messages

· Timing alignment.
2. Coordination methods

2.1. Power control
Each cell can adjust its transmission power such that it does not induce serious interference to other cells in its proximity. An exemplary scenario where this power control is necessary is depicted in Figure 1 for DL and UL cases. In a DL scenario depicted in Figure 1(a), a macro UE which is in the proximity of a micro cell experiences strong interference from the micro cell but the signal strength from its serving macro eNB may not be enough to overcome the interference. In this case, the micro eNB can reduce its DL transmission power to mitigate the inter-cell interference problem in its neighboring cells. This DL power control seems to be necessary for a HeNB deployed without cell planning in order to guarantee the HeNB’s coverage while inducing an acceptable level of interference to the neighboring cells. Figure 1(b) shows a UL scenario where a macro UE interferes with UL reception of a nearby micro cell. This macro UE has a high UL transmission power level to compensate the pathloss to the serving macro eNB, but as the pathloss to the neighboring micro eNB is smaller, the macro UE induces strong interference to the micro eNB. In this case, it is possible to control the macro UE’s transmission power such that it does not jeopardize UL signal reception at a nearby HeNB. Alternatively, the micro eNB may operate at a relatively high IOT level to compensate the strong interference from the macro UE, which implies that the micro eNB instructs the micro UE to set the UL transmission power to a relatively high level.
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Figure 1. Examples of interference scenario in heterogeneous networks.

Power control can be a simple coordination method in heterogeneous networks, but has a limitation that it cannot provide a complete solution to the CSG case. If a macro UE is within the coverage of a HeNB cell which is closed to that UE, controlling DL and UL transmission power is not enough to resolve the interference problem depicted in Figure1. For example, if the micro eNB reduces its DL transmission power to a level which induces interference acceptable to the macro UE, then its coverage would shrink down and the performance of the UE associated with that micro eNB would be deteriorated.
2.2. Resource coordination
Resource coordination refers to the method where a micro cell uses time/frequency resource that is not used by a nearby other cell UE (connected to the macro cell). We can consider several coordination methods depending on how resources are partitioned among the neighboring cells.
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Figure 2. An example of resource coordination using non-overlapping carriers.

One method is to configure the macro cell’s carrier such that it does not overlap the micro cell’s carrier. Figure 2 is an example of DL case where the macro UE close to the micro cell uses the component carrier 1 while the micro cell uses the component carrier 2 which is separated from the component carrier 1 in frequency. This orthogonal carrier based resource coordination is beneficial in that it can provide interference coordination for both control and data channels simultaneously. However, it has one drawback that only coarse and semi-static coordination can be supported in this method as the resource coordination is done in the unit of component carrier. 
Resources coordination also can be done by using resources partitioned in a finer unit (e.g., subband or subframe) while letting the micro cell’s carrier overlapped with the macro cell’s carrier. More dynamic and more sophisticated coordination can be supported in this case if coordination messages can be exchanged among the coordinating eNBs with low latency. However, this coordination is limited to data channels and another coordination method may be necessary to mitigate interference on control channels, especially on PDCCH which is spread over the entire carrier bandwidth.
In any case, resources that are allocated to a micro cell can be spatially reused, i.e., can be utilized by a UE which is geographically separated from that micro cell. Considering that the coverage of a micro cell is usually small, it would degrade the overall resource utilization if some resources are allocated solely to the micro cell and not used by the macro cell as depicted in Figure 2. Therefore, in order to achieve the maximal resource utilization, we propose to study how to support the spatial resource reuse between the macro and micro cells. This spatial reuse can be facilitated by some techniques (e.g., carrier aggregation, transmission power control, coordinated beamforming, …). Figure 3 shows an example which can be regarded as a modification of that in Figure 2. The component carrier 2 is allocates to a macro UE which is far from the micro cell and its transmission power is reduced in order to avoid the situation that PDCCH in this carrier interferes with the micro cell’s DL signal. It is apparent that such a spatial resource reuse can be based on overlapping carriers.
Proposal 1: To study how to support the macro cell’s spatial reuse of the resources occupied by a micro cell.
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Figure 3. An example of resource coordination where spatial reuse of the resource occupied by the micro cell is supported.
3. Delivery of coordination messages
In order to support the interference coordination discussed in Section 2, some coordination messages need to be exchanged among the coordinating eNBs. We can assume that RRH, pico eNB, and relay nodes are connected to a macro eNB via a relatively fast “backhaul” link. However, the delivery of coordination messages is an important issue for interference coordination between a macro eNB (MeNB) and HeNB as no X2 interface is expected for a HeNB. It is also possible for HeNB to exchange coordination messages via the wireline backhaul link as discussed in [8], but only a long-term coordination is supportable because there is no guarantee on the latency of the backhaul link to which a HeNB is connected. In the following subsections, we discuss how to deliver the coordination message between MeNB and HeNB with a low latency for dynamic interference coordination between them.
3.1. By a wireless channel from MeNB to HeNB
Coordination message can be delivered via a wireless channel from MeNB to HeNB. For this operation, HeNB is required to be equipped with DL reception capability which will increase the implemental cost of HeNB. In considering this message delivery option, it is noteworthy that this DL reception capability of HeNB can be utilized for other purposes such as synchronization with MeNB and interference coordination methods discussed in [4, 5]. Thus, we need to study further whether this option is supportable in consideration of its benefits and implemental costs.
A new physical channel needs to be designed to support the over-the-air communication from MeNB to HeNB. As an effort to reduce specification work, physical channels designed for eNB-to-relay node communication (i.e., R-PDCCH or R-PDSCH) can be reused (possibly with slight modification). One limitation of this option is that only unidirectional communication is supported unless HeNB is equipped with UL transmission capability like a relay node. For bidirectional communication, message delivery from HeNB to MeNB can be enabled via the wireline backhaul link or UE’s relaying described in the next subsection.
3.2. By UE’s relaying
Coordination message can be delivered by UE’s relaying as discussed in [6, 7]. Depending on the signal direction and the eNB to which the relaying UE is connected, we can consider four scenarios as briefly described in the following:
· MeNB->MUE->HeNB

A macro UE located close to the micro cell receives the coordination message from its serving macro eNB via PDCCH/PDSCH. According to the instruction embedded in the coordination message, the UE relays the received message to the target HeNB. Two methods seem to be possible for UE’s message forwarding to a non-serving HeNB: One is to use RACH procedure as described in [7] and the other is for the HeNB to overhear the PUSCH (with some modifications if necessary) containing the message to be forwarded similarly to the case of being involved in UL CoMP joint reception.
· MeNB->HUE->HeNB

A HeNB-connected UE (HUE) obtains the coordination message generated from the neighboring non-serving MeNB. The HUE can decode the coordination message which broadcasted by MeNB or it can explicitly request MeNB to transmit the coordination message (e.g., via the RACH procedure). Then, the HUE forwards the message to HeNB by PUSCH.
· HeNB->MUE->MeNB

The operation is similar to the MeNB->HUE->HeNB case except that the relaying UE is connected to the macro eNB. In this option, it may be preferable for HeNB to broadcast a coordination message containing its scheduling information as scheduling decision made by a HeNB is expected to be static during a certain period.
· HeNB->HUE->MeNB
The operation is similar to the MeNB->MUE->HeNB case. HeNB instructs a HUE to forward the coordination message to the neighboring MeNB.
Proposal 2: To study the feasibility of coordination message delivery via wireless channel in order to support dynamic interference coordination of HeNB.

4. Timing alignment
If we focus on the case of HeNB which is not deployed by the operator, we can consider two scenarios regarding the timing alignment between HeNB and MeNB. Asynchronous HeNB operation is the simplest, but more enhanced coordination (e.g., coordinated beamforming) can be supported if HeNB is synchronized with the MeNB. Dynamic interference coordination seems to be necessary to fully exploit the potential benefit of heterogeneous networks as discussed in Section 2, and synchronization between MeNB and HeNB is a prerequisite for this dynamic coordination. We note that HeNB should be synchronized with the MeNB in TDD mode at any rate.
Synchronous HeNB should be able to acquire the timing information of the MeNB which can be delivered in various ways including via the wireline backhaul link or wireless channels. Considering the QoS of the wireline backhaul link for HeNB, however, synchronization via wireless channels seems more desirable and further study is needed on the effectiveness of the backhaul-based synchronization.
We can consider several possibilities to synchronize HeNB via wireless channels. For example, HeNB can be synchronized based on its DL signal reception. HeNB is equipped with DL signal reception capability and aligns its timing with that of MeNB. This is in line with the coordination through a wireless channel from MeNB to HeNB discussed in the previous section. For another example, HeNB can be synchronized by UE’s assistance, e.g., by instructing a HUE to measure and report the timing difference between MeNB and HeNB. Further study seems to be needed on the details of HeNB synchronization.
Proposal 3: To classify a HeNB depending on whether it is synchronized or not and study the details of HeNB synchronization methods.
5. Summary
In this contribution, some technical issues of interference coordination between a macro cell and a micro cell were discussed in the aspects of coordination methods, delivery of coordination messages, and timing alignment. The following proposals were made as efforts to maximize the system performance of heterogeneous networks.

Proposal 1: To study how to support the macro cell’s spatial reuse of the resources occupied by a micro cell.

Proposal 2: To study the feasibility of coordination message delivery via wireless channel in order to support dynamic interference coordination of HeNB.

Proposal 3: To classify a HeNB depending on whether it is synchronized or not and study the details of HeNB synchronization methods.
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� This document focuses on the coordination between a macro cell and a micro cell, but similar technologies can be applied to the coordination between two adjacent micro cells.
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