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1 Introduction
[1] is the Work Item Description for “Carrier-Based HetNet ICIC for LTE”. This contribution discusses solutions for the use case “UL interference in macro-pico environment”, described in TR 03.024 [2].
2 Discussion
2.1 Problem description
The following scenario description is derived from [2].

· This scenario concerns per-UE carrier selection for PCell and SCell.

· A macro UE (MUE) interferes in the UL with the pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier. 
· The Pico cell is either located within the coverage of a macro cell or it is bordering a macro cell. 
· In such deployments a MUE has been assigned one or more carriers (either as PCell or as SCell or both) of which at least one is on the carrier frequencies used by the Pico cell.
· In such scenario, the asymmetry between the UL coverage of MUE and the DL coverage of pico eNB implies that a MUE, not able to detect the Pico cell, will cause UL interference to the Pico cell. 
· The interference results from an imbalance between the coverage areas of the pico cell UL and DL. The MUE cannot report the pico cell to the macro eNB because the MUE cannot detect the DL of the pico cell. However, due to the UL/DL coverage imbalance, the MUE causes interference to the pico cell UL. 

2.2 Proposed solution

2.2.1 General description
It is proposed that a pico eNB receives a preamble transmission from the interfering MUE when the MUE performs a Random Access procedure. The pico eNB sends the received preamble sequence to the macro eNB, which allows the macro eNB to identify the interfering MUE, or in some cases, multiple interfering MUEs. 
A procedure is required for an eNB to send its PRACH configuration and multiple preambles to a second eNB. 
· In one use case the second eNB receives preamble transmissions from the first eNB’s UEs on the first eNB’s PRACH.

· In another use case the first eNB receives preamble transmissions from the second eNB’s UEs on the first eNB’s PRACH. 
A procedure is also required for an eNB to send preamble sequences to a second eNB that were received from the second eNB’s UEs. 

2.2.2 Preamble usage in LTE Random Access procedure
In LTE, a UE performs the Random Access (RA) procedure when it accesses a new eNB, such as in the cases of UE power-on, idle-to-connected mode transition, and handover and also when the UE becomes “unsynchronized” with its eNB. The first step of the RA procedure is that the UE transmits a preamble on the Physical Random Access Channel (PRACH). The preamble is a sequence that is selected from a cell-specific set of sequences that are defined in the LTE specifications. If each UE accessing the system transmits a different preamble, then each UE is able to be detected and decoded (with high probability) even if they transmit on the same radio resources (the PRACH). 
The purpose of preamble transmission is to facilitate synchronizing the reception time of the start of the UE’s UL transmissions with the start of the eNB’s subframe. The eNB determines the UE’s propagation delay when it receives the preamble. The eNB then provides the UE with a timing advance value, which tells the UE how much earlier to begin UL transmissions to compensate for the propagation delay. Preamble transmission includes a guard time period to handle timing uncertainty since the UE is not synchronized with the eNB. The transmission power used by a UE for preamble transmission is dependent on the path loss (which is dependent on distance) between the eNB and the UE. Whenever a UE has become unsynchronized with a eNB, it may only access the eNB using the RA procedure.
In the contention-based RA procedure, a UE selects a preamble for an access attempt and if multiple UEs use the same preamble, their transmissions will collide and the eNB will not be able to decode the UEs’ transmissions. In this case, the UEs would select another preamble and make another access attempt. In non-contention-based access, an eNB provides a UE with a unique preamble so that its transmissions will not collide with other UEs. 

2.2.3 Procedure descriptions
As described above, there are 2 use cases considered for an eNB to receive RA preambles from another eNB’s UEs.

Use case 1: eNB receives the preambles on the other eNB’s PRACH
For this use case, the macro eNB selects MUEs that are likely to be the interferers and assigns each one a unique preamble from its set of preambles. The macro eNB will order these MUEs to perform an RA procedure on its PRACH using the assigned preamble. 

The macro eNB provides the pico eNB with the preambles and the time/frequency resources assigned to the macro cell’s PRACH and the time that the MUEs would transmit the preambles, including information about the timing advance applied by each MUE. In addition, the macro eNB and the pico eNB should know the difference in their timing reference if they are not synchronized. With this timing information, the pico eNB is able to determine the time/frequency resources where it can receive the macro eNB’s PRACH transmissions. 

The MUEs’ UL transmission power is based on the path loss between the MUE and the macro eNB, so the preamble(s) received with the highest signal strength by the pico eNB is the one transmitted by the interfering MUE(s). The pico eNB reports to the macro eNB the received preambles and an indication of the signal strength with which they were received. The macro eNB uses this information to identify the interfering MUE(s).
Figure 1 illustrates this procedure using generic signalling:

· The pico eNB reports uplink interference to the macro eNB. 

· The macro eNB checks measurement reports received from UEs to try to identify the interfering UE. The interfering UE does not detect the DL of the pico cell so there is no measurement report that identifies the interfering UE. 

· The macro eNB responds to the pico eNB indicating that the interfering UE is unknown. 

· The macro eNB selects MUEs that are the most likely to be the cause of the interference and selects a unique preamble to assign to each selected MUE for non-contention based access. The macro eNB establishes a mapping between a preamble and a MUE.

· The macro eNB provides the pico eNB with information about the location of the radio resources used for its PRACH and timing information. The timing information may include information about the timing difference between the macro and pico eNBs as well as the timing advances being used by the MUEs. 

· The pico eNB determines the time and frequency resources for the macro eNB’s PRACH including adjustments for timing differences between the macro eNB and the pico eNB and adjustments for the timing advances of the MUEs. 

· The macro eNBs orders the selected MUEs to perform the random access procedure using the assigned preambles.

· The pico eNB receives the MUE preamble transmissions and measures the received signal strength.

· The pico eNB provides the macro eNB with the received preambles and an indication of the received signal strength for each MUE. 

· The macro eNB identifies the interfering MUE(s) using the preamble association and the signal strength measurements received from the pico eNB.  
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Figure 1: Identifying an interfering MUE using macro eNB PRACH
Use Case 2: eNB receives the preambles on its own PRACH
For this use case, the pico eNB selects preambles from its set of preambles. The pico eNB provides the macro eNB with the preambles and the time/frequency resources assigned to the pico cell’s PRACH. The macro eNB selects MUEs that are likely to be the interferers and assigns each one a unique preamble from the set received from the pico eNB. The macro eNB will order the MUEs to perform an RA procedure on the pico eNB’s PRACH using the assigned preamble.
The MUEs perform the RA procedure as if accessing the macro eNB so their UL transmission power is based on the path loss between the MUE and the macro eNB, so the preamble(s) received with the highest signal strength by the pico eNB is the one transmitted by the interfering MUE(s). The pico eNB reports to the macro eNB the received preambles and an indication of the signal strength with which they were received. The macro eNB uses this information to identify the interfering MUE(s).

Figure 2 illustrates this procedure using generic signalling
· The pico eNB reports uplink interference to the macro eNB. 

· The macro eNB checks measurement reports received from UEs to try to identify the interfering UE. The interfering UE does not detect the DL of the pico cell so there is no measurement report that identifies the interfering UE. 

· The macro eNB responds to the pico eNB indicating that the interfering UE is unknown. 

· The pico eNB selects multiple preambles from its set of preambles and sends them to the macro eNB as well as any required information necessary to allow MUEs to transmit on its PRACH. 

· The macro eNB selects MUEs that are the most likely to be the cause of the interference and assigns a unique preamble to each one from the set received from the pico eNB. The macro eNB establishes a mapping between a preamble and a MUE.

· The macro eNBs provides the selected MUEs with the pico eNB’s PRACH information and orders them to perform an RA procedure using the assigned preambles.

· The pico eNB receives the MUE preamble transmissions and measures the received signal strength.

· The pico eNB provides the macro eNB with the received preambles and an indication of the received signal strength for each MUE. 

· The macro eNB identifies the interfering MUE(s) using the preamble associations and the signal strength measurements received from the pico eNB.  
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Figure 2: Identifying the interfering MUE 
3 Conclusion

This contribution has discussed solutions for the use case “UL interference in macro-pico environment”, described in TR 03.024 [2].

Proposal: These solutions should be included in the TR [2] and considered for this work item.  
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