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1 Introduction
[1] is the Work Item Description for “Carrier-Based HetNet ICIC for LTE” (CA_HetNet_ICIC). One scenario under consideration for this work item is, “UL interference in Macro-Pico environment”, which is described in the work item technical report TR 03.024 [2]. In this scenario, an aggressor Macro UE (MUE) is a source of UL interference for a victim Pico cell. A carrier-based solution to mitigate this interference would be for the Macro eNB to move the interfering MUE to a different carrier. However, in this scenario, the interfering MUE cannot detect the Pico cell so the Macro eNB cannot identify the interfering MUE. Therefore, in order to apply carrier-based interference mitigation, a procedure is needed that allows the Macro eNB to identify the interfering MUE. 

This contribution proposes a solution where the victim Pico eNB facilitates identifying the aggressor MUE by detecting the MUE’s Random Access Channel (RACH) preamble transmission and providing information about the detected preamble to the Macro eNB. 

2 Discussion
2.1 Preamble-based solution proposal
2.1.1 General description

It is proposed that when a Macro eNB needs to identify an interfering MUE, it uses PDCCH Order to trigger particular MUEs to perform a non-contention-based RACH preamble transmission on the Macro cell's Physical Random Access Channel (PRACH). These particular MUEs are those that are likely to be the interfering MUEs. In addition, the Macro eNB sends its PRACH configuration to the victim Pico eNB and the configuration of the preamble transmissions so that the Pico cell is able to detect them. After the Pico cell detects the preambles, the Pico eNB sends the detected preamble indices to the Macro eNB. The Macro eNB identifies the MUEs from these preamble indices based on associations it made prior to the preamble transmissions. It is also proposed that the Pico eNB optionally sends the Macro eNB an indication of the preambles’ signal strength to help the Macro eNB determine which of the MUEs detected by the Pico cell are interfering with the Pico cell’s UL. The Macro eNB’s application of the signal strength information is implementation dependent and its use can be evaluated by RAN1.
In order for a Pico cell to detect a non-contention-based PRACH preamble transmission from an MUE, it must know the PRACH configuration of the Macro cell and the preamble index and PRACH mask index being used by the MUE. Exchanging PRACH configuration information between eNBs is already supported in the X2 Setup Request/Response and ENBConfigurationUpdate messages. New features are needed to allow an eNB to provide another eNB with the configuration of a set of preamble transmissions and allow an eNB to report to another eNB about detected preamble transmissions.
2.1.2 Preamble usage in LTE Random Access procedure
In LTE, a UE performs the "Physical non-synchronized Random Access (RA) procedure" [3] when it accesses an eNB that it is not synchronized to, such as in the cases of UE power-on, idle-to-connected mode transition, and handover, as well as when the UE receives a PDCCH Order (DCI 1A) from an eNB. Whenever a UE becomes non-synchronized with the eNB, it may only access the eNB using the RA procedure. 

The first step of the RA procedure is the UE transmits a preamble on the PRACH. The preamble is a sequence that is selected from a cell-specific set of sequences that are defined in the LTE physical layer specifications. Preambles that are transmitted on the PRACH channel are designed to raise the detection probability when the UE and eNB are not synchronized in the uplink. The PRACH time duration can be between 1 to 3 ms and includes a guard time period to handle timing uncertainty. Also, there are multiple formats for dealing with different amounts of delay, and a means of handling frequency offsets between a UE and an eNB. 

UEs obtain PRACH configuration information from the SIB2 broadcast message or from a Handover Command (RRCConnectionReconfiguration). For a specific (UE-dedicated) non-contention-based random access attempt, the UE is sent a RACH-ConfigDedicated IE in a PDCCH Order or a Handover Command (RRCConnectionReconfiguration). The RACH-ConfigDedicated IE includes a preamble index and a PRACH Mask Index. The PRACH Mask Index identifies the subframes to be used for the preamble transmission.

According to the WI description [1], the interference management solutions should not require "tight synchronization" between eNBs. Although "tight synchronization" is not clearly defined in the WI description, one view is that it, at least, means that solutions should not require the use of a “logical synchronization port” that is described in TS 36.401, section 9.1 as follows:

"A logical synchronisation port for phase- and time-synchronisation may also be provided for all eNBs in FDD time domain inter-cell interference coordination synchronisation area."

Consequently, for the scenario under consideration, it is assumed that the Macro eNB and the Pico eNB are not tightly synchronized, and so, the interfering MUE is not synchronized to the Pico cell. This gives impetus to the use of preamble transmissions to identify the interfering MUE.
2.1.3 Procedure description
Figure 1 illustrates a procedure for the proposed solution using generic X2 messages for new features. An example procedure using modified Resource Status Initialization/Updating messages can be found in [4].
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Figure 1: Identifying interfering MUE using preamble transmission
1. X2 SETUP REQUEST/RESPONSE-ENB CONFIGURATION UPDATE: 

· Physical Random Access Channel configuration parameters (PRACH-Configuration) are exchanged between eNBs (Rel-9 capability). 

· PRACH-Configuration includes: 

· RootSequenceIndex, zeroCorrelationZoneConfiguration, highSpeedFlag, which allows eNBs to know the set of preambles used by the other eNB. 

· PRACH-FrequencyOffset, which provides the starting subcarrier for the neighbor eNB's PRACH. 

· PRACH-ConfigurationIndex, which indicates the subframes that may be used for UE preamble transmissions on the neighbor eNB's PRACH. 

· UEs obtain this information from a cell’s broadcast message SIB2 or from a Handover Command (RRCConnectionReconfiguration). 

2. The Pico eNB notifies the Macro eNB about UL interference.
3. The Macro eNB selects MUEs that are likely to be the interferers and associates each one with a unique preamble from its set of preambles. 
4. Preamble Detection Request/Response

· The Macro eNB sends a Preamble Detection Request to the Pico eNB and the Pico eNB sends a response
· The Preamble Detection Request includes a list of RACH-ConfigDedicated IEs, which consists of: 
· Preamble Index: This is a preamble index that has been assigned to a UE from the Macro cell's set of preamble sequences for a non-contention-based random access preamble transmission on the Macro eNB's PRACH. 

· PRACH Mask Index: This identifies the specific subframe(s) to be used for a non-contention-based random access preamble transmission on the Macro eNB's PRACH that corresponds to the preamble index. 

· These are the same parameters that are provided to an MUE in a PDCCH Order when a PRACH preamble transmission is triggered. 

5. PDCCH Order (DCI 1A): 

· The Macro eNB sends a PDCCH Order (Rel-8 capability) to the selected MUEs to trigger a PRACH preamble transmission. 

· PDCCH Order includes the RACH-ConfigDedicated parameters, which consists of a Preamble Index and a PRACH Mask Index. 

6. Preamble transmission/detection
· The MUE(s) transmit their assigned preamble in their assigned subframe(s) of the Macro cell’s PRACH. 

· The Macro cell and Pico cell receive the preamble(s) on the Macro cell’s PRACH. 

7. Random Access Response
· The Macro eNB sends the Random Access Response (RAR) message, which completes the Random Access procedure. 

8. Preamble Detection Update 

· The Pico eNB sends a Preamble Detection Update to the Macro eNB, which includes a list of the preamble indices that have been detected and their associated signal strengths. 

2.1.4 Specification change summary
The following is a summary of the required enhancements to TS 36.423 for this proposal:
· A message that allows an eNB to request another eNB to detect one or more preambles to be transmitted on the first eNB’s PRACH. This message includes a list of RACH Configuration Dedicated IEs. A RACH Configuration Dedicated IE identifies a specific MUE preamble transmission and consists of a RACH Preamble Index and a PRACH Mask Index.
· A message that allows an eNB to report to another eNB a list of preambles that have been detected on the second eNB’s PRACH and their associated signal strengths.
In TS 36.300, section 10.1.5, a new event to trigger an eNB to order UEs to perform the random access procedure is required. 
3 Conclusion

This contribution proposes a solution for the “UL interference in Macro-Pico environment” scenario of the CA_HetNet_ICIC work item. In this solution, the victim Pico eNB helps the Macro eNB identify the interfering MUE by detecting the MUE’s preamble transmission on the Macro eNB’s PRACH. This solution is compatible with Rel-8/9/10 UEs and does not require tight synchronization between the Macro eNB and Pico eNB.

Proposal 1: It is proposed that the solution description in section 2 is included in the TR [2].
Proposal 2: Evaluation of the proposed solutions for this scenario requires expertise from the other RAN WGs.  It is proposed that these solutions are first evaluated by the other RAN WGs, as required, to assist with RAN3 decision making.
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