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1
Introduction
Heterogeneous networks (HetNet) are being widely discussed as part of the LTE-Advanced study item [1]. Frequency partitioning is one of the key methods in dealing with the interference issues in HetNet. While multi-carrier operation is deemed important for this purpose [2], single carrier based interference coordination is also proposed to be considered due to its smaller bandwidth granularity and flexibility [3]. Also, it is agreed that aspects related to multiple carriers in HetNet should be handled under the CA agenda item. This contribution discusses the various issues that should be considered in frequency partitioning, and identifies whether multi-carrier and single carrier operations share the same solution or not. The coexistence of macro and femto cells is taken as example.
2
Discussion

2.1
General Solution
The frequency partitioning based interference coordination schemes have been widely discussed for LTE Rel.8 macro networks, e.g., SFR and FFR. Similar schemes can also be applied to HetNet. For example, Table 1 and Fig. 1 show a typical interference environment with co-channel deployment of macro and femto eNBs. The frequency partitioning pattern in Fig. 2 can be applied. In principle, the available spectrum is divided into multiple carriers or subbands within a single carrier and shared by all the interfering eNBs on a nonoverlapping basis. Therefore, multi-carrier and single carrier operations can share the same general frequency partitioning solution. Since femto eNBs’ deployment and on/off status are random, the frequency partition schemes need to be adaptive based on the measurement results of femto eNBs/UEs. What’s more, interference related information may need to be exchanged between eNBs. The detailed measurement and information exchange designs can be different for multi-carrier and single carrier operations.
Table 1  Interference scenarios
	Number
	Aggressor
	Victim

	1
	UE attached to Home Node B
	Macro Node B Uplink

	2
	Home Node B
	Macro Node B Downlink

	3
	UE attached to Macro Node B
	Home Node B Uplink

	4
	Macro Node B
	Home Node B Downlink

	5
	UE attached to Home Node B
	Home Node B Uplink

	6
	Home Node B
	Home Node B Downlink
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Figure 1  Interference Scenarios
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Figure 2 Frequency Partitioning
2.2
Information Exchange between eNBs
The adaptive frequency partitioning schemes may be semi-static or dynamic, which means that reconfiguration of usable carriers or subbands for each eNB is performed on a time scale of hundreds of milliseconds or only several milliseconds. The semi-static schemes can reflect the variation of femto eNB/UE locations or on/off status, while the dynamic schemes can additionally reflect the variation of bursty traffic and fast fading. In both cases, information exchange between eNBs may be performed more or less frequently in order to negotiate resources or indicate high interference, etc., Information element such as OI, HII and RNTP have been defined in LTE Rel.8 for the interference coordination among macro cells. Whether new information elements need to be defined for HetNet should be studied. Most of the information elements should be the same for both multi-carrier and single carrier operations, although some information elements may be specific for only one of the scenarios.
2.3
Measurement
Due to the random deployment of femto eNBs, femto eNBs/UEs need to measure their interference environment in order to choose the proper carriers or subbands for its own usage. For multi-carrier and single carrier operations, the measurement types and other related designs may be different. For example, each femto eNB/UE can measure the RSRP of its surrounding macro or femto eNBs to determine its main interference aggressors. For multi-carrier operations, the resource utilization of the aggressors can be figured out by RSRP measurement on every configured or unconfigured carrier, which is not possible for single carrier operations.
2.4
Control Channels
The largest difference between multi-carrier and single carrier operations lies in the interference coordination of control channels. For multi-carrier operation, cross-carrier scheduling provides a feasible solution for the interference avoidance of PDCCH. Other control channels, such as BCH or SCH, can also avoid interference by proper design in CA. For single carrier operation, however, the interference coordination of control channels needs further study.
3
Conclusion
This contribution identifies the various issues in frequency partitioning interference coordination design for HetNet, and discusses whether multi-carrier and single carrier operations share the same solution. It is identified that:
- Multi-carrier and single carrier operations can share the same general frequency partitioning solution
- Most of the information elements exchanged between eNBs should be the same for both multi-carrier and single carrier operations, although some information elements may be specific for only one of the scenarios.
- For multi-carrier and single carrier operations, the measurement types and other related designs may be different.

- Interference coordination of control channels for multi-carrier operations should be considered in CA, while that for single carrier operations needs further study.
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