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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], and pertains to an aggressor Macro UE (MUE) as a source of UL interference for a victim pico cell. A key issue for this scenario is that the aggressor MUE cannot be identified. Once it could be identified, it could be moved to a different carrier to mitigate the interference.
This contribution proposes a solution in which 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 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 preamble-based solution

2.2.1 General description
It is proposed that a pico eNB receives a non-contention-based RACH preamble transmission from the interfering MUE. The pico eNB sends the received preamble index (indices) to the macro eNB, and the macro eNB identifies the MUE(s) based on MUE-to-preamble associations made by the macro eNB prior to the transmission of the preamble(s). The pico eNB also sends an indication of the signal strength of the received preamble(s) to the macro eNB to facilitate identifying the interfering MUE. The MUE’s preamble transmission power would be based on the path loss between the MUE and the macro eNB. The macro eNB can use the preamble signal strength reported by the pico eNB to determine the interfering MUE(s).
In order for an eNB to receive a non-contention-based RACH preamble transmission from an UE, it must know the PRACH configuration and preamble index being used. Exchanging "common" PRACH configuration information between eNBs is already supported in the X2 Setup Request/Response and ENBConfigurationUpdate messages. For this proposal, it is also required for an eNB to send the preamble index and subframe information for a specific ("dedicated configuration") preamble transmission to another eNB. It is also required for an eNB to send received preamble index and signal strength information to another eNB. It is proposed that these capabilities are added to the Resource Status Reporting procedures.
2.2.2 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 not-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 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 physical layer specifications. The purpose of preamble transmission is to allow the eNB to determine the propagation delay of the UE's transmissions. The eNB then provides the UE with a timing advance value indicating how much earlier the UE should begin its UL transmissions to compensate for the propagation delay. 

Preamble transmission on the PRACH channel is designed to raise the detection probability when the UE and eNB are not synchronized in the uplink and to facilitate the determination of the propagation delay. The PRACH time duration is 1 to 3 ms and includes a guard time period to handle timing uncertainty, multiple formats for dealing with different amounts of delay, and a means of handling frequency offsets between a UE and an eNB. 
For the scenario of interest, the interfering MUE is not synchronized to the pico-cell; therefore, pico cell detection of the MUE preamble transmission is an effective method for the pico cell to help the macro eNB identify the interfering MUE. 
2.2.3 Procedure description
Figure 1 shows the proposed procedure using modified Resource Status Initialization/Updating messages.
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Figure 1: Identifying interfering MUE using preamble transmission
1. X2 SETUP REQUEST/RESPONSE-ENB CONFIGURATION UPDATE: 

· Physical Random Access Channel 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 PRACH.

· PRACH-ConfigurationIndex, which indicates the possible subframes used for neighbor eNB preamble transmissions.
· This is the same information that UEs obtain from a cell’s broadcast message SIB2, or from a Handover Command (RRCConnectionReconfiguration). 
· For a specific non-contention-based random access, the UE is sent a preamble index and the specific subframe for preamble transmission (PRACH Mask Index) in either PDCCH Order or Handover Command (RRCConnectionReconfiguration).
2. The pico eNB notifies the macro eNB about UL interference using Load Indication procedure.
3. RESOURCE STATUS REQUEST/RESPONSE
· 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. 

· It is proposed to add a RACH-ConfigDedicated List IE, which includes one or more RACH-ConfigDedicated Item IEs.

· RACH-ConfigDedicated Item IE includes:
· Preamble Index: Provides the preamble assigned to a UE from the possible preambles for the neighbor eNB. 

· PRACH Mask Index: Provides the specific subframe used for the preamble transmission from the set of possible subframes.
· These are the same parameters that are provided to the MUE in the PDCCH Order for the Random Access preamble transmission.
4. PDCCH Order (DCI 1A):

· The Macro eNB sends a PDCCH Order (Rel-8 capability) to the selected MUEs to perform Random Access procedure.
· PDCCH Order includes RACH-ConfigDedicated parameter, which includes Preamble Index and PRACH Mask Index.

5. Preamble transmission:

· The MUE(s) transmit their assigned preamble on the macro cell’s PRACH.
· The macro eNB and pico eNB receive the preamble(s) on the Macro eNB’s PRACH. 

6. Random Access Response:

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

7. RESOURCE STATUS UPDATE
· It is proposed that the RACH-PreambleDetected List IE is added to the RESOURCE STATUS UPDATE message for reporting the received preamble indices and an indication of the received signal strength.
· The RACH-PreambleDetected List IE includes one or mare RACH-PreambleDetected Item IEswhich includes:

· Preamble Index: Indicates one of 64 preambles used by the eNB.

· Preamble Signal Strength: Indication of the preamble received signal strength

2.2.4 Specification change summary
Annex B provides proposed text changes to 36.423 for this proposal.
The following is a summary of the proposed text changes to 36.423:
· RACH Preamble Detect bit is added to the Report Characteristics bitmap in the RESOURCE STATUS REQUEST/RESPONSE/FAILURE messages.
· RACH Configuration Dedicated List IE is added to RESOURCE STATUS REQUEST, which includes one or more RACH Configuration Dedicated Item IEs, which includes:
· RACH Preamble Index and 
· PRACH Mask Index
· RACH Preamble Detected List IE is added to RESOURCE STATUS UPDATE message which includes one or more RACH Preamble Detected Item IEs, which includes:

· RACH Preamble Index and
· Preamble Signal Strength
3 Conclusion

This contribution proposes a solution for the scenario “UL interference in macro-pico environment” based on victim-pico-cell detection of aggressor MUE preamble transmission that 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 description for this solution in section 2 is included in the TR [2] for this work item for evaluation and consideration.
Proposal 2: Evaluation of the proposed solutions for this work item requires expertise from the other RAN WGs.  It is proposed that these solutions should first be evaluated by the other RAN WGs (RAN1/RAN2), as required, so that their feedback and guidance may be used for RAN3 decision making.
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5 Annex B: Text proposal for 36.423

*** Start of first change ***
8.3.6
Resource Status Reporting Initiation

8.3.6.1
General

This procedure is used by an eNB to request the reporting of load measurements to another eNB.

The procedure uses non UE-associated signalling.

8.3.6.2
Successful Operation
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Figure 8.3.6.2-1: Resource Status Reporting Initiation, successful operation 

The procedure is initiated with a RESOURCE STATUS REQUEST message sent from eNB1 to eNB2. Upon receipt, eNB2 shall initiate the requested measurement according to the parameters given in the request in case the Registration Request IE set to "start" and shall stop all cells measurements and terminate the reporting in case the Registration Request IE is set to “stop".

If the Registration Request IE is set to "start" then the Report Characteristics IE shall be included in RESOURCE STATUS REQUEST message.

The Report Characteristics IE indicates the type of objects eNB2 shall perform measurements on.

For each cell, the eNB2 shall include in the RESOURCE STATUS UPDATE message:

-
the Radio Resource Status IE, if  the first bit, “PRB Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1,

-
the S1 TNL Load Indicator IE, if  the second bit, “TNL Load Ind Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1,

-
the Hardware Load Indicator IE, if  the third bit, “HW Load Ind Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1, 

-
the Composite Available Capacity Group IE, if  the fourth bit, “Composite Available Capacity Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1. If Cell Capacity Class Value IE is included within the Composite Available Capacity Group IE, this IE is used to assign weights to the available capacity indicated in the Capacity Value IE.

-
the ABS Status IE, if the fifth bit, “ABS Status Periodic” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1 and eNB1 had indicated the ABS pattern to eNB2.
-
the RACH Preamble Detect IE, if the sixth bit, “RACH Preamble Detect” of the Report Characteristics IE included in the RESOURCE STATUS REQUEST message is set to 1.

If the Reporting Periodicity IE is included in the RESOURCE STATUS REQUEST message, eNB2 shall use its value as the time interval between two subsequent measurement reports.

If eNB2 is capable to provide all requested resource status information, it shall initiate the measurement as requested by eNB1, and respond with the RESOURCE STATUS RESPONSE message.

If eNB2 is capable to provide some but not all of the requested resource status information and the Partial Success Indicator IE is present in the RESOURCE STATUS REQUEST message, it shall initiate the measurement for the admitted measurement objects and include the Measurement Initiation Result IE in the RESOURCE STATUS RESPONSE message.

If the eNB2 received a RESOURCE STATUS REQUEST message which includes the Registration Request IE set to "stop", the Cell To Report IE list shall be ignored.

*** End of first change ***
*** Start of second change ***
9.1.2.11
RESOURCE STATUS REQUEST
This message is sent by an eNB1 to neighbouring eNB2 to initiate the requested measurement according to the parameters given in the message. 

Direction: eNB1 ( eNB2.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop,

…)
	A value set to “stop”, indicates a request to stop all cells measurements.
	YES
	reject

	Report Characteristics
	O
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object the eNB2 is requested to report.

First Bit = PRB Periodic,

Second Bit=  TNL load Ind Periodic,

Third Bit = HW Load Ind Periodic,

Fourth Bit = Composite Available Capacity Periodic,

Fifth Bit = ABS Status Periodic.

Sixth Bit = RACH Preamble Detect
Other bits shall be ignored by the eNB2
	YES
	reject

	Cell To Report
	
	1
	
	Cell ID list for which measurement is needed
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	Reporting Periodicity
	O
	
	ENUMERATED(1000ms, 2000ms, 5000ms,10000ms, …)
	
	YES
	ignore

	Partial Success Indicator
	O
	
	ENUMERATED(partial success allowed, ...)
	Included if partial success is allowed.
	YES
	Ignore

	RACH Configuration Dedicated List
	
	
	
	
	
	

	>RACH Configuration Dedicated Item
	
	
	
	
	
	

	>>RACH Preamble Index
	M
	
	INTEGER (0..63)
	Explicitly signalled Random Access Preamble for RA Resource selection in TS 36.321
	–
	–

	>>PRACH Mask Index
	M
	
	INTEGER

(0..15)
	Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321
	–
	–


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value “stop”.


9.1.2.12
RESOURCE STATUS RESPONSE
This message is sent by the eNB2 to indicate that the requested measurement, for all or for a subset of the measurement objects included in the measurement is successfully initiated.

Direction: eNB2 ( eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Measurement Initiation Result
	
	0..1
	
	List of all cells in which measurement objects were requested, included when indicating partial success.
	YES
	ignore

	>Measurement Initiation Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	>>Measurement Failure Cause List
	
	0..1
	
	It indicates that eNB2 could not initiate the measurement for at least one of the requested measurement objects in the cell.
	–
	–

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the eNB2. First Bit = PRB Periodic,

Second Bit=  TNL load Ind Periodic,

Third Bit = HW Load Ind Periodic,

Fourth Bit = Composite Available Capacity Periodic,

Fifth Bit = ABS Status Periodic.

Sixth Bit = RACH Preamble Detect

Other bits shall be ignored by the eNB1.
	–
	–

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurement objects for which the measurement cannot be initiated.
	–
	–


	Range bound
	Explanation

	maxFailedMeasObjects
	Maximum number of measurement objects that can fail per measurement. Value is 32.

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


9.1.2.13
RESOURCE STATUS FAILURE
This message is sent by the eNB2 to indicate that for none of the requested measurement objects the measurement can be initiated.

Direction: eNB2 ( eNB1.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Cause
	M
	
	9.2.6
	Ignored by the receiver when the Complete Failure Cause Information IE is included.
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore

	Complete Failure Cause Information
	
	0..1
	
	Complete list of failure causes for all requested cells.
	YES
	ignore

	>Complete Failure Cause Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	>>Measurement Failure Cause List
	
	1
	
	
	–
	–

	>>>Measurement Failure Cause Item
	
	1 .. <maxFailedMeasObjects>
	
	
	EACH
	ignore

	>>>>Measurement Failed Report Characteristics
	M
	
	BITSTRING

(SIZE(32))
	Each position in the bitmap indicates measurement object that failed to be initiated in the eNB2. First Bit = PRB Periodic,

Second Bit=  TNL load Ind Periodic,

Third Bit = HW Load Ind Periodic,

Fourth Bit = Composite Available Capacity Periodic,

Fifth Bit = ABS Status Periodic.

Sixth Bit = RACH Preamble Detect

Other bits shall be ignored by the eNB1.
	–
	–

	>>>>Cause
	M
	
	9.2.6
	Failure cause for measurements that cannot be initiated.
	–
	–


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxMeasurementsineNB
	Number of defined measurements. Value is 4.

	maxFailedMeasObjects
	Max number of measurement objects that can fail per measurement. Value is 32.


9.1.2.14
RESOURCE STATUS UPDATE 

This message is sent by eNB2 to neighbouring eNB1 to report the results of the requested measurements.

Direction: eNB2 ( eNB1.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	eNB1 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB1
	YES
	reject

	eNB2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by eNB2
	YES
	reject

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	
	
	

	>>Hardware Load Indicator
	O
	
	9.2.34
	
	
	

	>>S1 TNL Load Indicator
	O
	
	9.2.35
	
	
	

	>>Radio Resource Status
	O
	
	9.2.37
	
	
	

	>>Composite Available Capacity Group
	O
	
	9.2.44
	
	YES
	ignore

	>>ABS Status
	O
	
	9.2.58
	
	YES
	ignore

	>>RACH Preamble Detected List
	O
	
	9.2.xx
	
	xx
	Xx

	>>> RACH Preamble Detected Item
	
	
	
	
	
	

	>>>>RACH Preamble Index
	M
	
	INTEGER (0..63)
	Explicitly signalled Random Access Preamble for RA Resource selection in TS 36.321 
	
	

	>>>>RACH Preamble Power
	M
	
	9.2.xx
	Signal strength of detected preamble
	
	


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.


*** End of second change ***


































































