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1 Introduction

In RAN3#75bis, five candidate solutions have been listed to address the interference problem formulated in [1]. The analysis in detail based on the evaluation criteria is presented in [2]. The analysis revealed that these solutions still need to be enhanced.
In this contribution, we discuss the signalling enhancement related to ABS when both frequency and time domain interference coordination solutions are applied in HetNet scenarios.
2  Discussion
In the HetNet scenarios with both macro and pico cells deployed in a network, macro eNB configures the ABS pattern for the victim pico to mitigate the interference. With the increasing number of the hotspots, more picos are deployed in the coverage of one macro eNB to meet the UEs’ need as shown in Fig. 1, pico1 and pico2 are placed close to each other, and there may be strong interference between them. In the case that multiple operational carriers are configured for the pico eNB by the OAM, the pico can select the appropriate operational carrier to avoid the interference from neighbour cells. 
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Fig.1 HetNet scenario
Pico needs to know the interference information of neighbouring eNBs before activating the operational carriers. In order to get the interference information, UE measurement is an effective method. However, pico2 cannot get the ABS information of pico1 (assigned by the macro) according to the current specification. So the ABS information exchange needs to be enhanced to help pico2 UE to measure the neighbour cell pico1 as shown in Fig. 1. 

Observation 1: the ABS information needs to be further enhanced.
In [3], the LOAD INDICATION message is proposed to be enhanced for carrier switching together with other existing mechanisms. In particular, the OI/HII/RNTP/ABS of all the served cells of neighbour eNBs should be transferred with X2AP. The contribution [3] also points out that only a minor change to current specification needs to be updated in the Load Indication procedure of TS36.423. 
“to transfer load and interference co-ordination information of all the served cells between eNBs controlling intra-frequency neighboring cells.”

The above change in current specification may be sufficient for OI/HII/RNTP. However, it is not sufficient for ABS.
According to the current specification, ABS Information IE is used to assign the ABS pattern to the receiving pico eNB by macro eNB1. If pico sends ABS Information IE to the macro eNB2 for informing the ABS pattern assigned by macro eNB1, macro eNB2 will confuse this ABS information. In addition, once receiving the ABS information IE, including the Number Of Cell-specific Antenna Ports IE, Macro eNB2 also mistakes the meaning of Number Of Cell-specific Antenna Ports IE from pico.
Observation 2: the enhancement for ABS information in [3] is not enough.
3 Signalling Enhancement

Based on TS36.423 [4], the relevant ABS pattern signalling 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). Note that it is assumed that the picos in the coverage of one macro eNB keep radio frame synchronization.
Option 1: an indicator, indicating if the sending eNB assigns the ABS pattern to the receiving eNB, is added into ABS Information IE.
If ABS information IE is used to inform macro eNB2 with the ABS information configured by macro eNB1. The Number Of Cell-specific Antenna Ports IE and Measurement Subset IE are unnecessary for the receiving eNB. However, the presence of these two IEs is “M” in Ts36.423. Hence, the presence of Number Of Cell-specific Antenna Ports IE and Measurement Subset IE may be modified to “O” for option.

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 can know the utilization ratio of ABS resource and usable ABS pattern in pico based on ABS status IE in the RESOURCE STATUS UPDATE message. However, macro eNB2 cannot get the ABS status of pico because of the restriction that “eNB1 had indicated the ABS pattern to eNB2”. In addition, ABS status IE only includes the DL ABS status IE and usable ABS Pattern Info IE. 
Option 2: With relaxing the restriction that “eNB1 had indicated the ABS pattern to eNB2” all the neighbour eNB can request the ABS status IE by RESOURCE STATUS REQUEST message.
Proposal: RAN3 are kindly proposed to discuss the above-mentioned candidate solutions for signalling enhancement.
4 Conclusion
Based on the discussion above, we kindly ask RAN3 to agree on the following observations and proposal.
Observation 1: The ABS information needs to be further enhanced.
Observation 2: The enhancement for ABS information in [3] is not enough.
Proposal: RAN3 is kindly proposed to discuss the above-mentioned candidate solutions for signalling enhancement.
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