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1 Introduction
[1] is the Work Item Description for the Carrier-Based HetNet ICIC for LTE work item. In RAN3#73, it was decided that the highest priority scenario for this work item is per-UE carrier selection in Macro+pico deployments with Carrier Aggregation (CA).  
In [2] a scenario is described where a pico cell experiences UL interference from an aggressor UE served by a macro cell (MUE). The interference is results from an imbalance between the coverage areas of the pico cell UL and DL. The MUE does not report the DL of the pico cell because the signal strength is not strong enough. However, the MUE causes interference on the pico cell UL. This paper discusses and addresses this scenario. 
2 Discussion
2.1 Background
Figure 1 [2] illustrates the scenario under discussion.
Our understanding of this scenario is as follows:
· A pico cell operates within the coverage area of a macro cell.

· The macro and pico cells operate on one or more common carriers so that pico UEs (PUE) and macro UEs (MUE) may experience co-channel interference.

· The MUE is currently operating on a same carrier as the pico cell.

· The pico cell UL and DL coverage is unbalanced such that the UL coverage is greater than the DL coverage.
· The pico cell downlink (DL) signal strength at the MUE is not strong enough to trigger a MUE measurement event but the MUE is interfering with the pico cell uplink (UL).

· The macro eNB is unaware that this MUE is causing interference for the pico cell. 

· The pico eNB may report the UL interference to the macro eNB over the X2 interface but the macro eNB is not able to take any corrective action because it does not know which MUE is causing the interference. If the macro eNB knew the interfering MUE, a corrective action could be to handover (or change SCell) the interfering MUE to a different radio carrier in operation in the macro cell but not in operation in the pico cell. 
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Figure 1: Pico UL co-channel interference with MUE aggressor 
2.2 Proposed solution

The following proposal is a procedure that allows the macro eNB to identify the interfering MUE. The pico eNB receives information from the MUE over the pico cell’s UL control or data channels. The information received from the MUE is forwarded by the pico eNB to the macro eNB, which allows the macro eNB to identify the interfering MUE. 

Figure 2 illustrates the proposed procedure. At this time only generic messaging is shown for simplicity.

· The pico eNB reports interference to the macro eNB.

· The macro eNB responds to the pico eNB indicating that the interfering MUE is not known.

· The pico eNB provides information to the macro eNB over the X2 interface that enables the MUE to access the pico eNB on its UL. This may use an UL control channel or a data channel of the pico cell. These details should be decided in cooperation with RAN1 and RAN2. 
· For purposes of illustration, in this paper, the MUE accesses the pico eNB using a unique preamble transmitted on the random access channel of the pico cell. 

· In LTE, a UE transmits a preamble on a random access channel when it accesses a new eNB, such as for the cases of UE power on, idle to connected mode transition, handover. The preamble transmission is designed to facilitate detection even when the UE has not yet synchronized its uplink transmission with the new eNB. The preamble transmission includes a gap to allow for timing uncertainty. When a UE is assigned an exclusive preamble value for an access attempt, it can access an eNB without contention.

· In this illustration the pico eNB sends multiple preambles to the macro eNB as well as any required information necessary to allow MUEs to use its random access channel (PRACH locations). 

· The macro eNB sends a preamble and any other required information to possible interfering MUEs. Since the macro eNB doesn’t know which MUE is the interfering MUE, it intelligently selects multiple UEs. The macro eNB establishes a mapping between a preamble and a selected MUE.

· If the interfering MUE successfully accesses the pico cell, the pico eNB sends the received preamble to the macro eNB, and the eNB is able to identify the interfering MUE from the preamble.

· Once the macro eNB identifies the interfering MUE, it may take corrective actions to mitigate the interference being experience by the pico eNB. 
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Figure 2: Identifying the interfering MUE 
Timing advance for MUE accessing pico cell

For uplink transmissions in LTE, a UE must know the transmission delay between itself and the eNB. It adjusts the timing of its UL transmissions (timing advance) so that they arrive at the eNB at the right time. When accessing a new eNB, a UE first synchronizes with the eNBs DL using DL control signals. When the UE first transmits a preamble to the new eNB on the UL, the UE has not synchronized with the eNB. However, the eNB is able to detect the preamble and determine the timing advance required by the UE, which the eNB delivers to the UE using over the air signalling. 

In the proposed procedure, the interfering MUE has not synchronized with the pico cell DL so it has no beginning reference with which to send the UL transmission. This is an issue to be discussed with the other RAN groups but the Annex includes some discussion around it.

3 Conclusion and proposals
Proposal 1: Include the text from section 2 in the RAN3 carrier based HeNet ICIC technical report and consider the proposal for approval.
Proposal 2: Liaise to RAN1 and RAN2 to get feedback on the proposal and to request assistance to determine the feasibility of the proposal and to work out the details. 
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Annex

Figure 3 illustrates that the MUE transmits to the macro cell using a specific timing advance in order for the transmission to arrive at the proper time. Also shown is an MUE transmission to the pico cell, which requires a different timing advance.

Figure 4 illustrates facilitating MUE UL synchronization with the pico cell 

· The macro eNB can obtain location information for the pico cell and establishes the distance between itself and the pico cell, which can be translated to a transmission delay.

· The macro eNB obtains the maximum cell size of the pico cell.

· The macro eNB assumes the interfering MUE is near the edge of the pico cell coverage area. Of course, the MUE may be anywhere around the edge of the pico cell. The macro eNB may use other techniques to determine a more accurate location of the MUE relative to the pico cell if necessary.

· With an estimate of the location of the pico cell and the MUE relative to itself, the macro eNB can estimate the timing advance adjustment that the MUE should use when sending a transmission to the pico eNB as illustrated in Figure 3.
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Figure 3: MUE UL timing advance for macro cell and pico cell transmissions 
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Figure 4: Estimating the timing advance for MUE UL transmission to pico cell
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