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1
Introduction
In light of [1][2], it is known that Rel. 9 and further versions will be a heterogeneous network comprising Macrocells, Microcells, femtocells and relay stations (RNs) with diverse characteristics (e.g., different TX power and different planning strategies). As a result, an ideal deployment in the heterogeneous network assigning disjoint frequency bands to adjacent cells becomes more and more difficult [2]. As a compromise, several adjacent cells may need to share the same band. Under this circumstance, UEs located at the cell boundary suffer severe inter-cell interference from adjacent cells. 
For ICIC, the eNB may need to be aware of the interference situation from neighbor cells. That is, the eNB may need to know which RB is occupied by neighbor cells in a subframe. Such RBs occupation situation (or interference situation) of the neighbor cells can be utilized for the eNB for its RBs arrangement to alleviate inter-cell interference. One possible solution for the eNB to obtain such RBs occupation situation of neighbor cells can be that cells exchange this information via X2 interface (although corresponding mechanisms and message formats still need to be further designed). However, the uncertain delay on X2 may limit the performance of ICIC. It is because that, if the delay of X2 is Td ms, the change on the RBs allocations in neighbor cells in Td ms can not be reflected. As a result, the eNB may still allocate a RB occupied by neighbor cells to its UE. Although X2 provides a reliable information exchange, we may need another solution that assists X2 to provide the RBs occupation situation of neighbor cells in Td ms.
To enhance ICIC, this contribution proposes and investigates a solution by leveraging RNs to perform channel measurement obtain the RBs occupation situation of neighbor cells, which can amend the results via X2. The proposed solution only introduces a very small impact on current RN operations. By providing simulation results, this contribution also discusses 
2 Discussion
As depicted in Fig. 1, multiple cells in the heterogeneous network may share a common frequency band. To avoid co-channel interference in the heterogeneous network, the eNB should be aware of the RBs occupation situation (or the interference situation) of its neighbor cells. This information can be further taken in considerations of the RBs allocation of the eNB for ICIC. Considering that X2 interface has a potential long delay which may not be able to fully reflect the RBs occupation situation of neighbor cells, RNs performing the channel measurement can assist the provisioning of this information. The reasons that RNs are particularly selected are based on following merits:
· Unlink UEs locating around the cell center usually enjoy a higher signal strength and suffer small interference, UEs located at the cell boundary usually suffer more severe inter-cell interference from neighbor cells. RNs, deployed for enhancing the cell boundary throughput, are usually deployed at the cell boundary. Therefore, RNs are suitable to be adopted to observe the RBs occupation situation of neighbor cells at the cell boundary.
· To more effectively mitigate inter-cell interference, the RBs occupation situation of neighbor cells should be location specific. Since the deployment locations of RNs can be well known, they can observe the location specific RBs occupation situation.
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Please note that the interference mitigation to/form femtocells is temporarily not considered in the contribution and corresponding solutions can be found by [5][6][7]. In the following, a simple channel measurement mechanism in the RN is demonstrated to evaluate the potential performance. More sophisticated mechanism can be further designed based on this mechanism.
2.1 Channel Measurement in RNs
The procedures of leveraging RNs to perform channel measurement to obtain the location specific RBs occupation situation of the neighbor cell to assist the result of X2 are provided in the following. In this contribution, inband RNs are considered.
1) eNBs exchange their own RBs arrangement in a subframe with each other via X2 (the detail mechanisms and message formats can be further designed). The exchange period is set to the maximum potential delay of X2.
2) The channel measurement period is set to equal to or less than the information exchange period on X2. For example, if the information exchange period on X2 is Td ms, the measurement period is equal to or less than Td ms. 
3) Each channel measurement persists for one subframe. For DL measurement, the measurement quantity is received interference power in DL on each RB in a subframe. For UL measurement, the measurement quantity is received interference power in UL on each RB in a subframe. The RN measures this quantity on each RB in a subframe. If this quantity on a RB exceeds a certain threshold, this RB is identified as occupied by neighbor cells. Otherwise, this RB is identified as unoccupied.

4) The channel measurement and the RBs occupation situation exchange via X2 are interlaced, as shown in Fig. 2. Thus, the channel measurement can reflect the RBs allocation changes of the neighbor cells in Td ms. 
Please note that the RN can not perform data transmission and reception during the subframe performing channel measurement (a measurement gap). To enable the measurement capability, two measurement quantities are needed to be included in TS 36.214 [3]. In TS 36.214, the EUTRA is able to measure the quantity received interference power in UL. For ICIC in both DL and UL by leveraging channel measurement in RNs, the quantities received interference power in DL and received interference power in UL are both also necessary. Thus, this contribution proposes that the RN should have the capability to measure both received interference power in UL and received interference power in DL.
Proposal 1: The RN should have the capability to measure the quantity received interference power in DL within one RB’s bandwidth of 
[image: image1.wmf]SC

RB

N

 resource elements. The reported value shall contain a set of DL Received Interference Power 
[image: image2.wmf]RB

0,...,1

DL

RB

nN

=-

.
Proposal 2: The RN should have the capability to measure the quantity received interference power in UL within one RB’s bandwidth of 
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2.2 Considerations of channel measurement in RNs
For such channel measurement in RNs, we may still have following concerns:

· The measurement period should be known by both the donor eNB and the RN so as to prevent data loss due to the measurement gap. 
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The donor eNB should reserve radio resources for RNs to report the channel measurement results. The format of reports can be further investigated.
3
Simulation Results
In this simulation, the two cells case is considered, where one cell is the considered cell and another cell is the neighbor cell of the considered cell, as shown in Fig. 3. The relay is deployed at 3/4 cell radius of the considered cell to measure the RBs occupation situation of the neighbor cell. DL is considered in both cells. Since the RB occupation behavior of the neighbor cell can be influenced by different channel qualities experienced by UEs in the neighbor cell, the scheduling algorithms adopted by the neighbor cell, and different connection time of each UE in the neighbor cell, we adopt following three parameters to model the RBs occupation situation of the neighbor cell:

· Traffic load of the neighbor cell φ
Let the number of RBs in a subframe is NRB and let the number of RBs occupied by the neighbor cell is M. φ is defined as φ＝NRB/M.
· The RB allocation correlated probability of the neighbor cell η       
When a RB is occupied by the neighbor cell in a subframe, the RB allocation correlated probability of the neighbor cell η is the probability that the neighbor cell will still occupy this RB in subsequent subframe.
· The fraction of correlated RB allocations of the neighbor cell ρ
Let Mη be the number of RBs occupied by the neighbor cell with non-zero η, ρ is defined as ρ＝Mη/M. 

Please note that η and ρ indicate the RB allocations change in the neighbor cell. High η and ρ indicate that there is a low change of RB allocations of the neighbor cell in each subframe. In this simulation, the RN reports the measurement results at the subsequent subframe of the subframe performing channel measurement. To avoid interference, the eNB or the RN only utilize RBs considered as unoccupied by the neighbor cell according to the most recent updated RBs occupation situation of the neighbor cell via measurement or X2. 
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Fig. 4 shows the average throughput of the target UE receiving DL data under different number of RBs allocated to this UE (the number of RBs allocated in the backhaul link and the access link is the same) when η＝ρ＝0.7. It is known that the performance of ICIC depends on the estimation error on the RBs occupation situation of the neighbor cell. With the assistant of the channel measurement in the RN, both the RB and the eNB can more frequently update the RBs [image: image14.emf]1 2 3 4 5 6 7 8 9
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occupation situation of the neighbor cell thus prevent the probability of allocating an occupied RBs to the UE. However, in such a channel measurement solution, the impact on the performance is the potential radio resources waste due to the measurement gap (data transmission and reception are unavailable in the measurement gap). It can be observed that, although the measurement gaps potential waste radio resources, the performance of combining X2 and channel measurement is still better than that of only X2 under different delays on X2. The performance of the randomize scheme is also demonstrated as a benchmark, where eNB does not have any information about the RBs occupation situation of the neighbor cell. Under this circumstance, the eNB or the RN randomize the RB allocations to alleviate interference. It can be observed that the randomized scheme has the worst performance. 
Fig. 5 and Fig. 6 show the performance under η＝ρ＝0.8 and η＝ρ＝0.9, respectively. It can be observed that the performance of combining X2 and channel measurement still have the best performance among the that of only X2 and randomized scheme. 
5
Conclusion
This contribution proposed and investigated a solution to enhance the ICIC performance in the heterogeneous network by leveraging the channel measurement in RNs. To enable such channel measurement capabilities in RNs, this contribution has following two propositions:
Proposal 1: The RN should have the capability to measure the quantity received interference power in DL within one RB’s bandwidth of 
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Proposal 2: The RN should have the capability to measure the quantity received interference power in UL within one RB’s bandwidth of 
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By demonstrating a simple mechanism, we show that the channel measurement in RNs can assist the obtainment of the RBs occupation situation of neighbor cells so as to enhance ICIC in the heterogeneous network. This contribution further shows that, even there are potential radio resource wastes due to the channel measurement gap and potential estimation error on the RBs occupation situation of neighbor cells, the performance of ICIC can be enhanced as compared with that of only leveraging X2. To make this solution more practical, we still need efforts on the mechanism and message format designs for the RBs occupation situation exchanges between eNBs via X2, the mechanisms to avoid data loss due to the measurement gap, and more sophisticated designed on the measurement mechanisms.
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Appendix

Table 1: simulation parameters

	Parameters
	Assumption/Value

	Relay layout
	At 2/3 of cell radius

	UE layout
	At 3/4 of cell radius

	Cell radius
	1732 m 

	Distance-dependent path loss for eNB(UE
	PL = 128.1 + 37.6log10(R), R in km.

	Distance-dependent path loss for RN(UE
	PL = 103.8 + 20.9log10(R)

	Distance-dependent path loss for eNB(RN
	PL = 100.7 + 23.5log10(R)

	Carrier frequency
	2GHz

	Bandwidth
	20MMz

	TX power
	46dBm for eNB, 30dBm for RN

	Fast fading 
	According to [4]

	MCS
	16-QAM and 1/3 TC
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Fig. 3: The considered simulation scenario.
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Fig. 1: The heterogeneous network comprising Macrocells, Microcells and RNs. 
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Fig. 6: The average throughput of the considered cell (φ＝0.8, η＝ρ＝0.9).
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Fig. 2: The RBs allocations information exchange period and the measurement period are interlaced.
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Fig. 5: The average throughput of the considered ccell (φ＝0.8, η＝ρ＝0.8).
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Fig. 4: The average throughput of the considered cell (φ＝0.8, η＝ρ＝0.7).
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