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1. Introduction
From previous contributions that studied the interference issues in various deployments of HeNBs in the RAN4 #52 meeting [1][2][3][4][5], it is known that the key of interference mitigation is to prevent the HeNBs from utilizing PRBs occupied by the Marcocell. For this purpose and considering the lack of a direct interface between the eNB and HeNBs for the PRBs usage information exchange (such as X2), this contribution proposes an interference mitigation scheme by means of measuring the PRBs usage of the Marcocell. In this scheme, the HeNBs are proposed to be able to identify the occupied PRBs by measuring the received interference power in DL. After identifying the occupied PRBs, the HeNB prevents to schedule these occupied PRBs to avoid interference. To reach the performance improvement, this contribution further conducts some simulations and suggests the operation conditions for the proposed interference mitigation scheme.
In addition, if the assistant from the wired interface such as S1 or X2 is available (this availability is mainly constrained by the maximum delay on it and the complexity and cost on building a new interface such as X2), this contribution also proposes a hybrid approach to support the identification of the occupied PRBs, by which the HeNBs are proposed to be able to identify the occupied PRBs by combining the channel measurement results with the PRBs usage information provided by the Marcocell. This contribution also provides simulations and suggestion on the operation conditions for this approach.
2. Discussion

This contribution considers the co-channel deployment [6] that is particularly feasible to be applied on the dense HeNBs deployment. Considering the DL transmissions, interference is caused if the HeNBs and the Marcocell utilize identical PRBs (i.e. the interference scenario 4 DL Macro -> HeNB UE discussed in [6]). As a result, the HeNB should be able to obtain the PRBs usage of the Marcocell to avoid interference. For this purpose, two channel measurement based interference mitigation schemes are discussed in this contribution in the following.
2.1 HeNBs obtain the PRBs usage of the Marcocell by channel measurement (scheme 1)
The first channel measurement based interference mitigation scheme is that the HeNB obtains the PRBs usage of the Marcocell by channel measurement. The operation of this scheme is proposed as follows.

Step 1: The HeNB periodically measures the Received Interference Power in DL on each PRB. Each measurement persists for one sub-frame or one slot. Here, the measurement period is defined as the number of sub-frames or slots that the HeNB performs the channel measurement for one time.
Step 2: The HeNB considers that a PRB is occupied by the Marcocell if this quantity exceeds a certain value.
Step 3: In sub-frames (or slots) not performing measurement, the HeNB only schedules/allocations PRBs not considered as occupied by the Marcocell. 

Step 4: By channel measurement, the HeNB also obtains following information form the Marcocell: i) The traffic load of the Marcocell, ii) normalized correlated PRB allocation in the Marcocell and iii) PRB allocation dependence, which are detailed in the following.

· Traffic load φ
Consider the number of PRB in one measurement duration is NPRB. This parameter indicates the percentage of PRBs occupied by the Marcocell in one measurement duration. That is, the number of PRBs occupied by the Marcocell in one measurement duration is φ×NPRB.
· Normalized correlated PRB allocation in the Marcocell η (normalized to NPRB)          

This parameter indicates the percentage of PRBs in φ whose allocation in current measurement duration has probability ρ the same as the PRB allocation in previous measurement duration. On the other hand, the residual (1－η) in φ of  PRBs will have different PRB allocation as in previous measurement.
· PRB allocation dependence ρ
Please note that the HeNB can not perform data transmissions on the sub-frames or slots used for channel measurement. To enable this measurement capability, one more measurement quantity is needed in TS 36.214 [7]. In TS 36.214, the EUTRA and thus the HeNBs are only able to measure following quantities: DL RS TX power, Received Interference Power in UL and Thermal noise power. However, to mitigate interference in interference scenario 4 as described above, the quantity Received Interference Power in DL is necessary. Thus, this contribution proposes that the HeNBs should have the capability to measure the quantity Received Interference Power in DL to enable Step 1. 
Proposal 1: HeNB should have the capability to measure the quantity Received Interference Power in DL within one PRB’s bandwidth of 
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2.2 The hybrid approach (scheme 2)
The second proposed channel measurement based interference mitigation scheme is a hybrid approach that the HeNB combines its channel measurement results of and the partial PRBs usage information provided by the Marcocell. If it is possible that the Marcocell can provide its partial PRBs allocation information via the existing wired interface such as S1 (by ICIC message, the detail of the corresponding mechanism and message format still need to be addressed). However, the limit in the wired interface is the potential unacceptable delay, which creates challenges for the Marcocell to provide its PRBs usage in each sub-frame. As a result, the Marcocell can only provide its PRBs usage with the period subject to the maximum delay on the wired interface. Therefore, the term “partial PRBs usage information” indicates that the Marcocell may not able to provide its PRBs usage in each sub-frame. Although there is an inherent limit on the wired interface, such partial PRBs allocation information still potentially facilitates to improve the performance of the first scheme, since the HeNB can relax the measurement period to a larger value. The detail of this hybrid approach is detail in the following:
Step 1: If the maximum delay of the wired interface is acceptable (this condition will be discussed in the following section), the HeNB sets its measurement period to this maximum delay value.

Step 2: The HeNB asks the Marcocell to periodically provide its partial PRBs allocation information (the detail of the corresponding mechanism and message format still need to be addressed).
Step 3: The HeNB interlaces its channel measurement and the periodical report of the partial PRBs usage provided by the Marcocell, as shown in Figure 1.

Step 4: In sub-frames (or slots) not performing measurement, the HeNB only schedules/allocations PRBs not considered as occupied by the Marcocell. 
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Figure 1: The interlacing of channel measurement and the periodical report of the partial PRBs usage provided by the Marcocell.

3. Simulation Studies and Discussions

The simulation studies of the proposed two channel measurement based interference mitigation schemes are demonstrated in this section. The interference scenario 4 is considered as our simulation studies. corresponding simulation parameters are listed in Appendix A.

3.1 Scheme 1
The simulation results on average throughput of the proposed scheme 1 when the HeNB uses different number of PRBs are shown in Figure 2-1 to Firgure 2-3 with φ＝0.3, 0.5 and 0.8, respectively. Different measurement periods (2, 4, 8, 12 and 20 sub-frames) are considered to show the impact on the average throughput). The average throughput when the HeNB does not perform channel measurement to utilize PRBs is also demonstrated for performance comparison. We summarize and discuss the simulation results in Figure 2-1 to Firgure 2-3 as follows.
1. As the traffic load of the Marcocell, φ, is low (e.g., φ＝0.3) as shown in Figure 2-1, a too small measurement period (e.g., 2 and 4 sub-frames) implies that too many sub-frames are used for channel measurement, which results in a low average throughput. As a result, the measurement period does not need to be so conservative and the measurement periods larger than 8 sub-frames provide performance around the same level as that of no channel measurement. 
2. From the observation from Figure 2-1, the gain provided by the periodic channel measurement is not so significant when the traffic load of the Marcocell is low. However, this case is typically not critical since the available radio resources for the HeNB is abundant.  
3. As the traffic load of the Marcocell, φ, is medium (e.g., φ＝0.5) as shown in Figure 2-2, measurement periods exceeds 4 sub-frames can provide considerable throughput improvement as compared with that of the scheme without channel measurement. As a result, it is suggested to adopt the measurement large than 4 sub-frames in this case.

4. As the traffic load of the Marcocell, φ, is high (e.g., φ＝0.8) as shown in Figure 2-3, which is the most critical case where the HeNB needs to efficiently utilize scarce available PRBs, measurement periods exceed 2 sub-frames provide throughput improvement as compared with that of the scheme without channel measurement. However, it is suggested to adopt the measurement large than 4 sub-frames in this case to more efficiently utilize PRBs.
5. In any traffic load of the Marcocell, it is not suggested a measurement period larger than 20 sub-frames since it decreases the performance. 
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Figure 2-1: The average throughput of the HeNB when different numbers of PRBs are used under φ＝0.3.
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Figure 2-2: The average throughput of the HeNB when different numbers of PRBs are used under φ＝0.5.
[image: image6.emf]0 2 4 6 8 10 12 14 16 18

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of allocated PRBs

Average throughput (Mbps)

 

 

No measurement

Measurement period=2

Measurement period=4

Measurement period=8

Measurement period=12

Measurement period=20


Figure 2-3: The average throughput of the HeNB when different numbers of PRBs are used under φ＝0.8.
3.2 Scheme 2
The simulation results on average throughput of the proposed scheme 2 when the HeNB uses different number of PRBs are shown in Figure 3-1 to Firgure 3-3 for φ＝0.3, 0.5 and 0.8, respectively. Considering the delay on the wired interface, the maximum delay of 8, 12 and 20ms are considered and the measurement period is set to the same value of the maximum delay (1 sub-frame duration equals to 1ms). We summarize and discuss the simulation results in Figure 3-1 to Firgure 3-3 as follows.

1. From the observation from Figure 3-1 to Figure 3-3, the average throughput of the HeNB can be improved with the assistant of the partial PRBs usage information of the Marcocell. 
2. These results imply that the hybrid scheme provides a better average throughput of the HeNB as compared with that of only the partial PRBs usage information via the wired interface.
3. It is suggested to adopt the measurement period 8 to 12 sub-frames. A measurement period exceeds 20 sub-frames (or 20ms) is not suggested, which implies that the partial PRBs usage information of the Marcocell is no longer useful if the maximum delay of the wired interface exceeds 40ms.
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Figure 3-1: The average throughput of the HeNB when different numbers of PRBs are used under φ＝0.3.
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Figure 3-2: The average throughput of the HeNB when different numbers of PRBs are used under φ＝0.5.
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Figure 3-3: The average throughput of the HeNB when different numbers of PRBs are used under φ＝0.8.
4. Conclusion
1. This contribution proposed a channel measurement based interference mitigation schemes. 
a. In the proposed scheme, the HeNBs obtain the PRBs usage of the Marcocell by channel measurement and prevent to utilize the PRBs occupied by the Marcocell. 
2. To enable the proposed schemes, this contribution proposes that HeNB should be able to measure the quantity Received Interference Power in DL within one PRB’s bandwidth of 
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3. From our simulation studies, it is shown that our first scheme has considerable throughput improvement as compared with the scheme without channel measurement under the interested cases with medium to high traffic load of the Marcocell.
a. It is proposed to adopt the measurement period ranged from 8 to 20 sub-frames.
4. If the complexity and cost on building a new interface such as X2 is well-addressed and the maximum delay on the wired interface does not exceed 40ms, this contribution also propose a hybrid approach, by which the HeNBs obtain the PRBs usage of the Marcocell by both the channel measurement and the partial PRBs usage information provided by the Marcocell.
a. From our simulation studies, it is shown that our second scheme has throughput improvement as compared with that of schemes with only partial PRBs usage information via the wired interface or only measurement.
b. The second scheme in this contribution is degenerated to the first scheme if the maximum delay of the wired interface exceeds 40ms.
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Appendix A: Simulation parameters
	Parameter
	Assumption

	Operating bandwidth
	20Mz

	Number of PRBs per slot
	100

	Number of OFDM symbol per slot
	7

	Modulation scheme
	16-QAM

	Power allocation and control
	A power allocation and control scheme is assumed to maintain the SINR on each PRB as a constant value which is acceptable to 16-QAM with required BLER. 

	Simulation duration
	10 Sec.

	Normalized correlated PRB allocation in the Marcocell η
	0.8

	PRB allocation dependence
	0.8


Annex: Text Proposal 
1. To be added to a similar chapter to 7.1.1 of TR 25.967 
	Measurement Type
	Purpose
	Measurement Source(s)

	Received Interference Power in DL on each PRB
	Calculation of co-channel DL interference towards HUEs from neighbouring cells.
	HeNB DL Receiver


A HeNB may measure the received interference power in DL on each PRB to identify whether a PRB is occupied by the Marcocell or other cells. If this quantity exceeds a certain threshold on a PRB, the PRB is identified as occupied by the Marcocell or other cells. In addition, the HeNB can obtain some useful information of the Macrocell or other cells (such as traffic load, etc) by measuring this quantity to adjust the measurement operation (e.g., measurement period) to reach a better performance.
2. To insert to/or create a chapter similar to 7.2.1 of TR 25.967, which can be titled as Control of HeNB PRBs utilization
To mitigate interference toward MUEs located near by the HeNB from the HeNB, the HeNB may need to prevent from performing DL transmissions on PRBs which are identified as occupied by the MeNB .
3. To insert to/or create a chapter similar to 7.2 of TR 25.967, which can be titled as Control of MeNB downlink interference
To mitigation DL interference toward the HeNB from the MeNB’s DL transmission, the HeNB may need to prevent from scheduling/allocating PRBs identified as occupied by the MeNB.
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