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1 Introduction
In the RAN2 and RAN4 meetings, several possible interference scenarios that can be encountered in the LTE HeNB deployments had been discussed [1][2][3][4][5][6]. Among them, in the case of HeNB configuring as CSG with co-channel deployment, both the CSG cell and the Marco cell are vulnerable to interference. To mitigate interference and more efficiently utilize the radio resource, in this document, we try to propose a channel measurement based interference mitigation solution, which only introduces a small impact on the existing physical measurement capability of E-UTRAN at HeNB parts. 
2 Discussion
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2.1 Problem statement

In light of [1][4][6], the deployment of HeNBs can be configured as i) open, CSG or hybrid access modes and ii) dedicated channel (using orthogonal channels with the Marco cell), co-channel (using identical channels with the Marco cell) or partial co-channel operations. Among these configurations, the HeNB and the Marco cell are vulnerable to interference under the case of CSG with co-channel deployment. We depict this case in Fig. 1. Under this case, following interference scenarios can be encountered by the CSG cell and the Marco cell:
A. UL transmissions from the non-allowed UE (MUE) can cause interference to CSG UEs [1][3].

B. CSG cell DL can cause interference to the MUE [1][2]. 
In LTE, the scheduling unit is a PRB. Such interference is mainly resulted from that the HeNB is unaware of the instantaneous PRB allocation of the Marco cell. If the instantaneous PRB allocation of the Marco cell can be known by the HeNB, the HeNB can avoid using PRBs that may potentially interfere with the Marco cell. However, due to the lack of an appropriate interface between HeNBs and eNBs (such as X2) for this instantaneous information exchanges, it is unavailable to the eNB to provide such instantaneous information for the HeNB. Due to this limit, a “blind” solution may be practical. Thus, this document proposes a channel measurement based interference mitigation solution for the HeNB to identify whether a PRB is occupied by the Marco cell.
2.2 Measurement quantity
In light of TS 36.214 [7], the E-UTRAN is capable of measuring following quantities: DL RS TX power, Received Interference Power and Thermal noise power. However, since Received Interference Power in [7] is only for UL, only UL interference problem (A) could be potentially mitigated. To further cover the DL interference problem (B), it is proposed that the HeNB shall be capable of measuring the quantity Received Interference Power in DL. By this quantity, the HeNB considers that a PRB is occupied by the Marco cell if this quantity exceeds a certain value. After identifying the occupancy of a PRB by the Marco cell, the HeNB can make further decision on whether to occupy the PRB and the transmission scheme if it decides to occupy the PRB. 
Proposal 1: HeNB should be capable of measuring the quantity Received Interference Power in DL within one PRB’s bandwidth of 
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To examine the effectiveness of including this measurement quantity, we consider following channel measurement mechanism and numerical analysis.
3 Channel measurement and numerical analysis
CSG cell:

The channel measurement mechanism can be applied on FDD or TDD CSG cell is as follows:

1) The HeNB periodically measures the Received Interference Power on each PRB. Each measurement persists for one measurement duration (a half-frame, a sub-frame or a slot). 
2) The HeNB considers the PRB allocation of the Marco cell in non-measurement durations as the same to the PRB allocation in the latest measurement duration. 
3) The measurement can be performed in DL or UL. The Received Interference Power in DL is used to identify the DL PRB allocation of the Marco cell. The Received Interference Power in UL is used to identify the UL PRB allocation of the Marco cell. 

Marco cell:
Since the PRB occupation behaviour of the Marco cell can be influenced by different channel qualities experienced by MUEs, the scheduling algorithms adopted by the Marco cell, and different connection time of each MUE, we adopt following three parameters to capture the PRB occupation behaviour of the Marco cell:

· Traffic load φ
Consider the number of PRB in one measurement duration is NPRB. This parameter indicates the percentage of PRBs occupied by the Marco cell in one measurement duration. That is, the number of PRBs occupied by the Marco cell in one measurement duration is φ×NPRB.
· Normalized correlated PRB allocation in the Marco cell 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
We consider following two performance metrics:

· Average PRB collision probability (pcollid): 
This performance metric demonstrates the average probability that a PRB is occupied by the Marco cell while the HeNB does not considers that this PRB is occupied by the Marco cell. As a result, the HeNB may occupy this PRB and thus cause PRB collision (interference). This performance metric is defined as follows.
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         where N is the number of measurement durations in the considered duration,
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is the PRB collision probability in the nth measurement duration. 
· Average PRB waste probability (pwaste):

This performance metric demonstrates the average probability that a PRB is not occupied by the Marco cell while the HeNB considers that the PRB is occupied by the Marco cell. As a result, the HeNB may not occupy this PRB. Thus this PRB is potentially wasted. This performance metric is defined as follows.



[image: image5.wmf]1

waste

N

n

n

p

N

v

=

=

å


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2)

        where 
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 is the PRB waste probability in the nth measurement duration. 
In Fig. 2, we demonstrate the performance of pcollid and pwaste under different φ, η and ρ. We can obtain following: 
a. When measurement period is large (e.g., >> 20), the HeNB can be considered as without measurement capabilities. We can observe that both pcollid and pwaste have significant performance improvement under an appropriate small measurement period. This result suggests that additionally including the Received Interference Power in DL as a measurement quantity and adopting channel measurement in the HeNB can potentially facilitate the interference mitigation. 
b. This result is also in agreements with the analysis in [8] where the need of CSG-specific measurement parameters had been discussed. 
c. Since the HeNB can not transmit or receive data as it performs measurements, an appropriate measurement period should be together considered with the PRB allocation and scheduling in the HeNB to avoid harms to timing-sensitive traffic. 
d. Fig. 2 provides a baseline performance, which is expected to be further improved if the HeNB has more assistance from the Marco cell. 
3
Conclusions
In summary, we conclude that:
1. We propose that HeNB should be capable of measuring the quantity Received Interference Power in DL within one PRB’s bandwidth of 
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2. A periodical channel measurement in the HeNB can potentially facilitate the interference mitigation. 
3. This document provides a baseline performance, which is expected to be further improved if the HeNB has more assistance from the Marco cell.
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Fig. 2: The impact of measurement period on pcollid and pwaste.
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Fig. 1: The CSG cell within the coverage of the Marco cell.
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