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1. Introduction
Relay Node (RN) is one of key technologies to support high capacity and coverage extension in LTE-Advanced systems. In in-band RN, one of distinctive characteristics is self-interference. Self-interference is defined as the interference between transmit antennas and receive antennas in RN when backhaul link and access link use the same frequency band. Since one of antenna should receive while the other is transmitting in the same band, the signals from transmit antenna can be contributed as interference at receive antenna unless two antennas are completely isolated [1]. We can say two antennas are “isolated” when the receiving end is not affected by the transmitting signal from the other end. In this contribution, we discuss characteristics of the self-interference and suggest measurement and possible cancellation of self-interference for efficient backhaul allocation. 
2. What impacts the Characteristics of Self-interference 
In this section, we discuss the characteristics of self-interference. The characteristics of self-interference depends mostly on the level of isolation between two antennas and consequently on antenna types and geographical separation between two antennas.
Firstly, the characteristics of self-interference should depend on antenna types. There are two antenna types, omni-directional and directional antennas. Omni-directional antenna is vulnerable to self-interference (both from the same channel and adjacent channels). If omni-directional antennas are employed in RN, backhaul and access links should be completely isolated to avoid self-interference. When directional antennas are employed, the amount of self-interference could vary depending on the separation between two antennas and surrounding environments.  
Secondly, the characteristics of self-interference should also depend on the geographical isolation of two antennas. No self-interference is expected when RN is placed in basement or underground environment (e.g. subway or underground parking lot and etc) because two antennas are completely isolated. Limited amount of self-interference will be experienced if two antennas are far apart (e.g., when backhaul antenna is positioned outside the building and access antenna is placed inside the building). Under such circumstances the strength of self-interference could vary depending on the level of isolation.
Lastly, the characteristics of self-interference depend on the level of cancellation if cancellation of self-interference is performed at RN. It is possible in some of existing L0 type of repeaters that self-interference is partially cancelled out. In LTE-A RN, however, such cancellation of SI can be more easily facilitated and more effective cancellation can be achieved since control of both links are feasible through appropriate signaling between eNB and RN. If sufficient amount of self-interference is cancelled out, virtual isolation between antennas or very low level of self-interference can be achieved.
.
3. Impacts of Self-interference 
In the presence of self-interference RN can not transmit while it is reading from eNB and vice versa. Several difficulties in transmitting common signals and channels such as RS, SCH and PBCH will be encountered because of this restriction. Also, limited mobility of RN is allowed since a mobile RN needs continuous reading of RS from eNB.
The presence of self-interference has strong impact on the configuration of backhaul and access link isolation. When self-interference is not present two links need not be separated to avoid self-interference. With weak self-interference both time and frequency division separation between two links are feasible but time division separation shall still be advised. In strong self-interference case, however, strict time division separation should be adopted. In time division multiplexing (TDM) backhaul link transmission is carried out during one of sub-frames and no signal is transmitted during corresponding TDM sub-frames in access link.
In Type 1 RN this TDM sub-frames will be regarded as “blank sub-frames” in the access link. MBSFN sub-frame configuration has been discussed as a leading candidate for “blank sub-frames” particularly to support rel-8 UEs. MBSFN configuration puts some limitations in the access link scheduling. Dynamic allocation of backhaul sub-frames is very difficult and consequently flexibility in resource allocations & utilization of user diversity shall be sacrificed because fixed or periodic allocation of backhaul sub-frames is most likely configuration. Some additional difficulties are expected in control channels management [2] [3] and possible overhead may be incurred in dealing with many RNs. 
If either self-interference is not present or weak enough to allow concurrent transmissions and receptions in access and backhaul link, all the above difficulties can be eliminated and efficient scheduling for backhaul and access link transmission can be achieved.
4. Measurement of Self-interference 
As discussed the characteristic of self-interference at each RN can be different depending on antenna types, antenna separation and placement of RN. It also relies on the cancellation level at RN if cancellation mechanism is employed. Consequently there is strong possibility that a few RNs with no or very low level of self-interference exist within the coverage of eNB.
If a RN & eNB share the information regarding the presence (or strength) of self-interference, eNB and RN would have better control of links and resources, especially regarding backhaul and access link scheduling such as aggregation of backhaul traffic, allocation of backhaul and access resources. It also simplifies a few aspects at RN such as transmission of common signals and channels. Thus, it is strongly recommended that such information is reported from every RN to eNB. 

In order for RN to do such reporting it has to measure the strength of self-interference, first of all. Measuring the strength of self-interference can be carried out in numerous ways. Some of methods can utilize existing signals and channels such as RS, SCH and PBCH and others can use dedicated channels (RBs). Detailed discussion on how to measure and how to support measurement are beyond the scope of this contribution. However, two distinct examples are shown below.
Method A : Using dedicated channels for self-interference measurement
1. Anchor eNB allocates the dedicated channel for self-interference measurement (DSIMCH) 

2. Tracking and analysis of self-interference is carried out via DSIMCH at RN.
3. Cancellation may or may not be carried out and the strength of (leakage) self-interference will be measured and reported to eNB.  
4. Allocation of DSIMCH is either periodic or can be triggered by eNB or RN. 
Provision of a new channel, DSIMCH, should be needed in order to accommodate this Method. However, accurate measurement of self interference channel, which should further enable cancellation of self-interference, is possible.
Method B : Using RS
When a RN uses a different Physical Cell ID from eNB, RBs corresponding to RS from eNB can be used for self-interference measurement. This method can measure the strength of self-interference and does not need any additional channel implemented. It should be compatible with current LTE specification but precise channel measurement, which is absolutely needed for cancellation of self-interference, may not be possible. 
5. Conclusion

In this contribution, we have investigated the characteristics of self interference and its impacts. We have also looked into possible measurement and reporting regarding self-interference. The characteristics of self-interference depend mostly on the level of isolation between two antennas and cancellation level if cancellation is performed. If eNB and RN are aware of the presence (or strength) of self-interference, they can make better scheduling regarding backhaul and access traffic. 
We suggest that RN has mechanism to measure the strength (or presence) of self-interference and report it to eNB to facilitate more efficient resource and link management. Furthermore, mechanism to cancel out self-interference will be another strong asset if employed. We also suggest that provision of such mechanism is investigated to further alleviate the difficulties caused by self-interference.
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