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1 Introduction

For Rel-10 Enhanced ICIC WI, RAN3 have implemented the enhancements to X2 interface to support time domain ICIC, as requested by RAN1 [1]. The enhancements mainly include [2]:

· in the LOAD INFORMATION message 

· ABS Information IE: in which the ABS Pattern Info IE indicates the subframes designated as almost blank subframes by the sending eNB for the purpose of interference coordination, and the receiving eNB may use the Measurement Subset IE for the configuration of specific measurements towards the UE.

· in the RESOURCE STATUS UPDATE message 

· ABS Status IE: in which the DL ABS status IE indicates percentage of used ABS resources, and the Usable ABS Pattern Info IE to indicate the usability of the ABS.

Meanwhile, RAN2 have also implemented the dedicated RRC signalling to support UE configurations for time domain ICIC as requested by RAN1 [1]. There are three kinds of measurement resource restriction patterns that may be configured for the UE [3] [4].

· Pattern 1: 
A single RRM/RLM measurement resource restriction for the PCell.

· Pattern 2:
A single RRM measurement resource restriction for indicated list of neighbour cells operating in the same carrier frequency as the PCell.
· Pattern 3:
Resource restriction for CSI measurement of the PCell. If configured, two subframe subsets are configured per UE. The UE reports CSI for each configured subframe subset.
In this paper, we analyse if the current X2 interface can fully support time domain ICIC based on RAN1’s requirements as well as RAN2’s implementation; and propose the necessary correction for this purpose. 

2 Discussion

An example HetNet deployment scenario is illustrated in Figure 1, where macro eNB Macro_1 configures the ABS patterns for both victim pico eNBs Pico_11 and Pico_12 respectively, to mitigate interference. Macro eNB Macro_2 is the neighbouring eNB of Pico_12. 
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Figure 1: an example HetNet deploy scenario
Based on current RAN3 specification, Macro_1 informs Pico_11 and Pico_12 respectively the assigned ABS pattern information and recommended measurement subset. However, Pico_11 and Pico_12 do not exchange information about their ABS assigned by Macro_1. Similarly Pico 12 does not inform Macro_2 about the ABS assigned by Macro_1.

Based on RAN2 specification [3], there are several UE measurement scenarios involving different measurement resource restriction patterns.

Scenario #1: 
UE_3 is configured with time domain measurement resource restriction pattern (measSubframePatternPCell) for the serving PCell (i.e. Pico_11) measurements (RSRP, RSRQ and the radio link monitoring).

Observation: This scenario is supported by current RAN3 and RAN2 specifications.

Scenario #2: 
UE_1, served by Macro_1, does not need restriction for its serving cell measurement. However, UE_1 is configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) that is applicable to neighbour cell measurements (RSRP and RSRQ) to measure any pico cell (e.g. Pico_11) that might be a handover target.

Observation: This scenario is supported by current RAN3 and RAN2 specifications.

Scenario #3: 
UE_2, served by Macro_2, is also close to Pico_12. UE_2 should be configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) for neighbour cell measurements (RSRP and RSRQ) to measure Pico_12 that might be a handover target.

Scenario #4: 
UE_3, served by Pico_11, is also close to Pico_12. UE_3 should be configured with time domain measurement resource restriction pattern (measSubframePatternNeigh) for neighbour cell measurements (RSRP and RSRQ) to measure Pico_12 that might be a handover target.

Observation: Both scenarios #3 and #4 are supported by RAN2 specifications. However, based on current RAN3 specification it is not supported to exchange ABS information between neighbouring eNBs unless one assigns ABS to another. Therefore both scenarios are not supported by current RAN3 specifications.

3 Solutions

To correct the current X2 interface in order to support time domain ICIC, there are several options. Based on TS36.423 [2], ABS information can be exchanged via LOAD INFORMATION message or RESOURCE STATUS UPDATE message. 

Load information message
If the ABS Information IE is included in the LOAD INFORMATION message, the ABS Pattern Info IE indicates the subframes designated as almost blank subframes by the sending eNB for the purpose of interference coordination. The receiving eNB may take such information into consideration when scheduling UEs.
Based on the current specification, the sending eNB assigns the ABS pattern to the receiving eNB using ABS Information IE. Therefore, an indicator is needed to inform the receiving eNB that the ABS pattern in the message is currently assigned to the sending eNB by other eNB(s).

Option 1: an indicator, indicating if the sending eNB assigns the ABS pattern to the receiving eNB, is added into ABS Information IE.

Resource status update message
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.
Based on the current specification, macro eNB (e.g. Macro_1 in Figure 1) can know the utilization ratio of ABS resource and usable ABS pattern in pico (e.g. Pico_12 in Figure 1) based on ABS status IE in the RESOURCE STATUS UPDATE message. However, a neighbouring eNB (e.g. Pico_11 or Macro_2 in Figure 1) cannot get the ABS status of the pico (e.g. Pico_12 in Figure 1) because of the restriction that “eNB1 had indicated the ABS pattern to eNB2”. 

Option 2: With relaxing the restriction that “eNB1 had indicated the ABS pattern to eNB2” all the neighbour eNBs can request the ABS status IE by RESOURCE STATUS REQUEST message.

In addition, ABS status IE only includes the DL ABS status IE and usable ABS Pattern Info IE. The measurement subset IE is not included. The ABS set in measurement subset IE is a subset of usable ABS pattern, which is more static compared to ABS pattern. Therefore by including measurement subset IE in the ABS status IE can reduce the overhead of exchanging ABS information among neighbouring eNBs.
Option 3: Including the Measurement subset IE in the ABS status IE can further reduce the signalling overhead.
4 Conclusion

As a conclusion, we kindly request RAN3 to agree on the following proposal:
Proposal 1: The exchanging of the related ABS information between the victim eNB and all the neighbour eNBs should be supported in order to assist the neighbour cell measurement configuration.

Proposal 2: RAN3 are kindly proposed to discuss and agree on one of the above-mentioned candidate solutions for the required X2 signalling correction for time domain ICIC.
Considering the simplicity we slightly prefer option 2, for which the related Rel-10 CR and the corresponding Rel-11 mirror CR can be found in [5] and [6]. 
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