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1. Introduction

This paper provides an overview of the backhaul procedures and OAM requirement to support eICIC in EUTRAN, based on the recent LS from RAN1 [1].
2. eICIC backhaul procedures for macro-pico
The Figure 1 shows the backhaul procedures for eICIC supporting the macro-pico scenario in a high level.
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Figure 1. Backhaul procedure for eICIC between macro eNB and pico eNB

1. X2 association enabling eICIC: A macro eNB and a pico eNB establish an X2 association for eICIC. 

2. Pico eNB reporting to macro eNB: The pico eNB reports to the macro eNB with inputs to help the macro eNB to decide the right ABS patterns.
Note: the information and message the pico eNB needs to provide the macro eNB with is FFS.

3. Determination of ABS patterns: The macro eNB may update ABS patterns, based on its own resource status, input from pico eNBs, OAM configurations, and other network parameters etc. In some situation, the macro eNB may determine to deactivate/activate eICIC.
Note: the information and message the pico eNB needs report the macro eNB with is FFS.
4. Updating ABS patterns: If a new ABS patterns are determined, the macro eNB provides the pico eNB with the new ABS patterns. 
When there are multiple pico eNBs the macro eNB has an eICIC association with, the macro sends the new ABS patterns to all pico eNBs.
5. Utilizing ABS patterns: The pico eNB uses new ABS patterns for its serving UEs, e.g. configuring UEs for the resource of RRM/RLM, scheduling UE under strong interference with the ABS of interfering macro eNBs etc. 

We will go through the details of those steps in the following sections.

2.1 Determination of ABS patterns and Updating ABS patterns
A macro eNB is the right node to determine the ABS patterns, because 1) it is giving up its resources and 2) it can take into multiple pico eNBs and its own cell’s situation for deciding ABS patterns. 
Requirement 1: A macro eNB is responsible to determine its ABS patterns based on various inputs. When ABS patterns change, the macro eNB shall inform them to the relevant pico eNBs using an X2 message. 

From Release 8, Load Indication procedure is defined in the X2 protocol for the frequency domain interference coordination. A straightforward approach to support eICIC in the X2 protocol would be reusing the existing Load Indication procedure by adding new IE(s).
Proposal 1: Add new IEs for the time domain resource (i.e. ABS patterns) in the Load Information to inform the ABS patterns. 

The RAN1 LS R3-103055 included the following requirement about the periodicity of updating ABS patterns [1].

· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals
· Trigger: aperiodic, event-based

Also RAN1 LS R3-080564 includes the following requirement about the X2 RNTP signals.

     DL ICIC

· event triggered, i.e. TX power exceeding a threshold; 
(reporting period not more frequent than 200 ms);

Requirement 1-1: The Load Information message to inform ABS patterns is sent based on aperiodic/event based triggers. Typically the frequency of Load Information messages would not more frequent than 200ms.
In some situations, the macro eNB may need to deactivate or reactivate eICIC with a pico eNB because of various reasons, e.g. low traffic load, unsynchronized pico cells etc.
Requirement 1-2: It shall be possible for a macro eNB to activate or deactivate eICIC in addition to change the ABS patterns.

The RAN1 LS R3-103055 defines two ABS patterns. 1st pattern is the whole ABS patterns, while the 2nd pattern is a subset of the 1st ABS pattern with is recommended to receiving node for configuration of restricted RLM/RRM measurements. As change of the 2nd ABS pattern results in signalling to UEs, the 2nd pattern’s change should be slower than the 1st pattern.

Requirement 1-3: The 2nd ABS pattern for configuration of restricted RLM/RRM measurements should change less frequently than the 1st ABS pattern including all ABS.

2.2 Pico eNB reporting to macro eNB
In order to determine a correct ABS patterns for a given load situation, the macro eNB should consider the resource status of the pico eNBs that will be benefited by macro’s ABS patterns, as well as its own load condition. For this reason, a pico eNB’s feedback to a macro eNB is necessary. 
Issue to consider 1: The pico eNB needs to provide the macro eNB with inputs to help the macro eNB to decide the right ABS patterns.

2.3 Utilizing ABS patterns
When a pico eNB has multiple strong interfering macro eNBs, the pico eNB should consider an intersection of the ABS pattern from multiple macro eNBs as a valid ABS pattern to use. When there are multiple strong interfering macro cells to a pico cell and only part of them are muting at a certain subframe, a pico UE still gets interfered by the remaining interfering macro cells and would not get sufficiently good radio condition. 
Issue to consider 2: When a pico eNB has multiple strong interfering macro eNBs, the ABS patterns of the macro eNBs should be as much common as possible.

3.
Conclusion
We propose to agree on the following requirements and proposals.
Requirement 1: A macro eNB is responsible to determine its ABS patterns based on various inputs. When ABS patterns have changed, the macro eNB shall inform them to the relevant pico eNBs using an X2 message . 

Requirement 1-1: The Load Information message to inform ABS patterns is sent based on aperiodic/event based triggers. Typically the frequency of Load Information messages would not more frequent than 200ms.

Requirement 1-2: It shall be possible for a macro eNB to activate or deactivate eICIC in addition to change the ABS patterns.

Requirement 1-3: The 2nd ABS pattern for configuration of restricted RLM/RRM measurements should change less frequently than the 1st ABS pattern including all ABS.

Proposal 1: Add new IEs for the time domain resource (i.e. ABS patterns) in the Load Information to inform the ABS patterns. 

We also propose RAN3 to consider the following issues and possible solutions.
Issue to consider 1: The pico eNB needs to provide the macro eNB with inputs to help the macro eNB to decide the right ABS patterns.

Issue to consider 2: When a pico eNB has multiple strong interfering macro eNBs, the ABS patterns of the macro eNBs should be as much common as possible.
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