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1 Introduction
The enhancement of inter-cell interference coordination (ICIC) mechanisms is important to fully exploit the potential benefit of heterogeneous networks. While carrier aggregation (CA) based solutions are considered as promising approaches, non-CA based solutions also should be specified to support enhanced ICIC for UEs without CA capability.
In this contribution, we discuss some technical issues in the case of co-channel heterogeneous deployments and introduce methods to facilitate the inter-cell coordination.
2 Discussion
2.1 Synchronization of a FDD HeNB

Several ICIC techniques for heterogeneous deployments have been proposed and some techniques require symbol-level synchronization of Home eNB (HeNB) and Macro eNB (MeNB) to protect control channel and to enhance data channel interference coordination.
Synchronization of HeNB and MeNB can be achieved by various methods. For efficient inter-cell coordination, a FDD HeNB with DL sniffing capability seems desirable. It is beneficial in that it can easily keep synchronized with MeNB via wireless channel from MeNB to HeNB. Moreover, faster coordination becomes possible via a direct over-the-air channel when compared to the method using synchronized backhaul protocol.
An alternative is to use a UE-assisted synchronization, for example, by instructing a UE connected to HeNB (HUE) to measure and report the timing difference between MeNB and HeNB. HeNB can align its transmission time with that of MeNB based on this report.
2.2 UE as a relay for the coordination message

In order to coordinate the scheduling or transmit power in different eNBs, the coordination message needs to be exchanged between them. The interference coordination schemes in Rel-8 rely on the X2 interface to exchange such signaling (OI, HII, RNTP). Even though such relatively slow coordination by means of X2 or S1 signaling still offers substantial performance benefits in HeNB deployment, some advanced approaches need to be studied, especially when the eNB has large numbers of HeNBs which potentially requires increased processing load and functionality in the backhaul network.
In addition, dynamic coordination strategies are required to enable efficient resource coordination between MeNB and HeNB. For example, the resource coordination such as even-odd subframe partitioning between HeNB and MeNB will lead to inefficient resource utilization in the macro cell if it is done in a static manner, because the traffic of HeNB will be bursty and HeNB is not expected to be active continuously.
The coordination message can be delivered dynamically from MeNB to HeNB via HUE’s relaying instead of X2 interface. Faster coordination, which is similar to the scheduling request/grant procedure between a UE and an eNB, can be adopted. The following example in Figure 1 describes how it can be implemented.
Example: Coordination request/grant procedure between eNBs

· There is no coordination when a HeNB is idle.
· If a HUE arrives at the HeNB, the HeNB instructs the HUE to deliver the coordination request message to the nearby (interfering) MeNB.

· Via RACH procedure, the HUE delivers the coordination request and receives the coordination grant.
· The HUE forwards the received coordination grant to the HeNB. The HeNB and MeNB begin to cooperate according to the coordination grant.
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Figure 1 UE as a relay for the coordination message
The HUE obtains the coordination message generated from the MeNB. The HUE explicitly requests the MeNB to transmit the coordination message via RACH procedure. Then, the HUE forwards the message to the HeNB via PUSCH. This operation enables MeNB and HeNB to coordinate only when HeNB needs to be active. In addition, this operation is beneficial in that more prompt resource coordination becomes possible when the offered load varies in time.
2.3 Consideration on the SRS transmission power
Figure 2 illustrates a heterogeneous network, where a UE connected to MeNB (MUE) is located within the coverage of a (CSG) HeNB. In this scenario, the MUE interferes with UL reception of a nearby HeNB. The MUE has a high UL transmission power level to compensate the path loss to the serving MeNB, but as the path loss to the HeNB is smaller, the MUE induces strong interference to the HeNB.
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Figure 2 Interference scenario in UL

The high interference from such MUE can be avoided by reducing the transmit power of the MUE when it is transmitting within the frequency band shared by the HeNB. However, it is difficult to control transmit power of a specific band within the system bandwidth for some physical channels, especially for SRS transmission. Even if the UL frequency resource is partitioned between MeNB and HeNB, the MeNB may reuse the HeNB’s resource for the other MUEs far from the HeNB in order to achieve the maximal resource utilization, which implies that those MUEs need to transmit SRS over the frequency resource used by HeNB. As a result, in this case, a MUE’s SRS needs to be reconfigured frequently according to its location thereby causing high signaling overhead.
In order to reduce interference in SRS transmission with low signaling overhead, we need to allow different SRS transmission powers for different sub-bands. The sub-bands shared by nearby HeNBs can be signaled to a MUE by RRC signaling or any other signaling mechanisms. In those sub-bands, the MUE’s SRS transmit power can be reduced compared to the SRS transmit power in other bands by applying different power offset or maximum power limit. Or SRS transmission in those sub-bands may be dropped if the path loss to the HeNB falls below a given threshold or if the SRS transmission power exceeds a certain value. Such operations can be configured by the MeNB or done autonomously by the MUE, for example, based on the path loss from the HeNBs.
3 Summary

In this contribution, we discussed some operation issues on co-channel deployment of macro eNBs and HeNBs, and presented following methods to facilitate the inter-cell coordination.
· Synchronization of a FDD HeNB
· UE as a relay for the coordination message
· Coordination request/grant procedure between MeNB and HeNB via HUE’s RACH procedure

· Consideration on the SRS transmission power
· Different SRS transmission powers for different sub-bands
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