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1. Introduction
During the RAN3#75 meeting, several contributions were submitted that dealt with the DL interference issues in HetNets, and the different proposed scenarios and solutions are captured via offline discussion in [1]. A detailed set of evaluation criteria is also included therein, which is recommended to be used for comparing and selecting from the different proposed solutions. In this contribution, we propose some further guidelines that could help in making a proper decision regarding which solution to choose from. 
2. Discussion
The different solutions proposed for DL interference mitigation in macro-pico environment have been categorized into three groups in [1]:

1. Solution 1: Communication of both data and control region interference status on each carrier, as well as per carrier loading of PCell and SCells is enabled between neighbouring eNBs. This information can then be used for selecting appropriate PCell and SCell for the UEs.
2. Solution 2: Protected resources are preconfigured in a consistent way among macro and pico cells for proper ICIC operation. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s) for users suffering from strong macro interference in a proactive manner.

3. Solution 3:  Information about the configuration of protected resources is exchanged between eNBs over X2 interface, aiming for a consistent configuration to properly coordinate for carrier-based ICIC. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s) for users suffering from strong macro interference in a proactive manner.
One of the attractive features of CA is the flexibility to make PCell and SCell assignments on a per UE basis. Thus, though some optimizations might be envisioned where the PCell/SCell selection could be restricted by taking the situation in the neighbour cells into consideration, the flexibility to make per UE based PCell/SCell assignments should be maintained. For example, it is perfectly plausible for a Macro eNB to configure a UE at cell centre with any carrier as PCell or SCell or to schedule it without constraints (i.e. due to UE needing low transmission power and most likely away from neighbouring cells). 

However, some of the details of the proposed solutions can be misinterpreted otherwise. For example, one can interpret solution 2 as proposing a cell based assignment policy as it is stated in [1]: 
“So for example if there are two carriers, one of which protected from interference, that carrier can be selected as PCell in the pico cell to convey scheduling information and data to users suffering from strong interference from macro, while the other carrier can be used as SCell for the same users by the pico.”
Proposal 1: RAN3 to ensure that the proposed solutions for DL interference mitigation will not hinder us from making flexible PCell/SCell selection decisions on a per-UE basis.

While maintaining the flexibility to assign per-UE based PCell/SCell assignments, it is advantageous to have mechanisms to co-ordinate the scheduling of UEs (especially those at cell borders) between neighbouring eNBs so that they don’t heavily interfere with each other. 
From the already standardized mechanisms, the X2: LOAD INFORMATION containing the RNTP information, which shows the relative power level that a cell is using on the different PRBs, is the most suitable message that can be used for this purpose. However, according to current standards, the threshold to be used for computing the RNTP bitmap is simply decided by the sender. However, different thresholds might be relevant for different neighbours. This is illustrated in Figure 1. 

[image: image1]
Figure 1 Example of HetNet scenario to illustrate RNTP issues

In the figure, pico eNB1, due to its closeness to macro eNB1, will experience more interference from it, rather than pico eNB2 (assuming co-channel deployment). Let us assume the macro eNB1 sends an RNTP report to both picos, with a threshold value of “-1”. Though pico eNB2 can assume the PRBs marked as “0” in the RNTP bitmap to be safe to be used by its UEs, it can be dangerous for pico eNB1 to have the same assumption, as even a low power transmission on the PRBs from the macro eNB1 can lead to high interference in the UEs served by the pico. 
Therefore, if the RNTP table needs to be interpreted by the receiving eNB as a map of potentially interfered resources, on the basis of which UE resource allocation can be assigned, it would be more efficient for an eNB to use different thresholds for different neighbours. 

In order to enable this, mechanisms for the communication of RNTP thresholds between neighbouring nodes is required (as proposed in solution 3 in [1]). 
In solution 3 options are presented where each (Pico) victim eNB requests a specific RNTP Threshold to the aggressor eNB. However, it might be hard for a Pico eNB to tell exactly what RNTP threshold level to use, especially in the HetNet case where the eNBs have different transmission power capabilities and configurations. 
Nevertheless, it will be at least beneficial for a victim eNB to recommend to a neighbour (aggressor) to decrease or increase the RNTP threshold that it is using for future RNTP reports. 
For example, if scheduling decisions based on allocation of cell border UEs on PRBs marked with “0” in the received RNTP report are leading to considerable interference for those UEs, an eNB can ask the neighbour to decrease the RNTP threshold that it is using so that the eNB can have more certainty on the PRBs that are less likely to experience interference.
The approach of requesting gradual increases/decrease of a given configuration in a peer node has already been followed in other areas such as Mobility Robustness Optimisation, where peer eNBs do not request each other to modify the mobility offset to a specific value, but where they request a decrease or an increase until a stable configuration is resumed.
Proposal 2: RAN3 to analyse the possibility of enabling X2 signalling between neighbour eNBs for increase or decrease of the RNTP thresholds to be used.
It has to be noted that changes to the RNTP Threshold used by the aggressor eNB towards the victim eNB does not imply a change in the scheduling or transmission power configuration of the aggressor eNB. 
This is an important characteristic that should be preserved in any solution trying to optimise a peer to peer exchange of information aimed at avoiding DL interference. 
In fact, if the example in Figure 1 is considered, it would be challenging for Pico eNB1 to determine at what power Macro eNB1 shall transmit. Such power depends on factors not known/controllable by Pico eNB1 such as number of UEs served by Macro eNB1 and their radio conditions, coverage of Macro eNB1 cell, maximum configured transmission power for Macro eNB1.

Proposal 3: Peer to peer signalling enhancements aimed at avoiding DL interference shall not mandate changes in peer eNB transmission power used 
3. Conclusions

In this contribution, we have looked into some of the issues concerning DL interference mitigation in a HetNet scenario. Based on the discussion in Section 2, the following is proposed:

Proposal 1: RAN3 to ensure that the proposed solutions for DL interference mitigation will not hinder us from making the PCell/SCell selection decisions on a per-UE basis.

Proposal 2: RAN3 to analyse the possibility of enabling X2 signalling between neighbour eNBs for increase or decrease of the RNTP thresholds to be used
Proposal 3: Peer to peer signalling enhancements aimed at avoiding DL interference shall not mandate changes in peer eNB transmission power used 
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