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1. Introduction
During the RAN1 51 meeting, agreement on High Interference Indication (HII) and Overload Indicator (OI) was reached [1]. During the Ran1 51 bis meeting, many aspects on UL HII/OI and DL ICIC are identified [2]. However, the interaction between these measurements and the general procedure on ICIC is still unclear. If it is totally left as implementation specific, ICIC performance will definitely face challenge in multi-vendor scenario where eNBs from different vendors have different working assumptions and methods. This paper proposes the basic interaction rules between eNBs.
2. HII and OI definition
Before discussing specific interaction rules, it is necessary to review the HII and OI definition. HII indicates the PRBs in which the serving eNode B will schedule cell edge UEs causing high inter-cell interference. OI carries the information on experienced uplink interference. So HII information should be used for preventive actions and OI is used when there is already high interference detected. Therefore, it is reasonable to exchange HII information when potentially high interference is likely to happen in near future and OI is exchanged when high interference is already happened. The following sections will elaborate the detailed events that trigger HII and OI exchange.
3. HII exchange trigger
The granularity of HII is defined as 1 bit per PRB. Minimum HII update time is 20ms. Since HII indicates the PRBs that potentially bring interference, it is suggested to exchange HII information on an event-triggered basis to avoid huge traffic load on X2. 
It makes sense to share the HII information when an eNB is likely to cause interference to neighbours. It makes sense to trigger the ICIC procedure when the load in cell edge area is over a threshold because that is the time when high interference is likely to happen. Cell edge area can be defined by RSRP. The load in Cell edge can be defined as the ratio of PRBs that used in cell edge area over all PRB in this cell. There should be a pre-configured threshold e.g. 40%, when the cell edge load is over such threshold, HII information is sent from source eNB to its intra-frequency neighbours.
Proposal 1: cell edge PRB usage should be used as the trigger for HII information exchange on X2.

4. HII exchange rule

When the cell edge PRB load exceeds a threshold, load indication procedure should be triggered and HII information should be spread out to neighbours. Upon reception of HII, neighbour eNBs do not have to send their own HII back because HII is only a precaution. Instead, neighbours eNBs could make local decision by themselves. In principle they should try to avoid those potentially high interference PRBs.  

Source eNB stops sending HII to neighbours when the cell edge load comes back under the threshold. Before that it keeps sending HII in a periodic way. The period can be configured by O&M. In practice it should be in the order of seconds to be aligned with the UE activity behaviour.

The X2 AP message LOAD INFORMATION is used to carry the HII information. 
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Proposal 2: When cell edge PRB usage is raised over a threshold, HII information is sent out to neighbour cells, response is not needed.
Proposal 3: Once triggered, the source eNB keeps sending HII in a periodic way until the cell edge PRB usage is below the threshold.
5. OI exchange rule

When a cell is experiencing interference on a significant level, it starts HII/OI information exchange.  The measurement on high interference can be defined as the ratio of number of PRBs that experiencing high interference over all PRBs in the cell.  Once the ratio is over a pre-defined threshold, OI information is sent from source eNB to its intra-frequency neighbours. The X2 AP message LOAD INFORMATION is used to carry the OI information.
Upon reception of OI, neighbour eNBs shall respond with their own HII and OI value. Because when high interference happens, it is a more critical situation than the previous HII case. Thus it is beneficial to know neighbour eNBs’ HII and OI situation to make a right decision. For example, if an eNB keeps experiencing high interference even after long time HII/OI exchange with neighbours, then it can check neighbours’ HII history, if it finds out that neighbours never make PRB adjustment(for some unknown reason), it then can adjust its own algorithm. 
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Proposal 4: When a cell is experiencing high interference over a pre-defined threshold, OI is sent from source eNB to neighbour eNBs. Neighbour eNBs should respond with their own HII and OI measurement. 
Proposal 5: Once triggered, the source eNB keeps sending OI in a periodic way until the cell interference level is below the threshold.

6. Conclusion

We propose to Accept the above 5 proposals so that the basic multi-vendor interoperability in ICIC aspect is guaranteed. 
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