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1 Introduction
After last RAN3 meeting, three solutions are proposed to solve DL interference in macro-pico scenario which based on carrier granularity.

Solution 1: Interference indication and loading for data and control channels for multi-carrier
Solution 2: Pre-configuration of protected resources
Solution 3: Exchange of information about the configuration of protected resources
In this paper, we would like to compare them in different aspects than the comparison in [2], and find out the suitable solution for macro-pico scenario DL interference mitigation.
2 Discussions
The aim of DL interference mitigation is to protect UEs that are going to be served by the pico cells while still far away from it [1]. 
2.1 Static vs. dynamic solution

We can classify the current solutions into two classes, one has relative static configuration for UE’s PCell and SCell selection, the other is a dynamic solution of UE’s PCell/SCell selection according to carrier’s load and interference level. For clearer description, we’d like to use the terminologies which have been mentioned before, i.e. Basic Carrier (BC) and auxiliary Carrier (AC) [3]. The BC denotes the carrier which is used for UE’s PCell in the most cases, and the AC denotes the carrier(s) which is used for UE’s SCell.
1) Class 1: Relative static solutions, e.g. Sol.2 and Sol.3.

The characteristic of this class is that the carrier which is protected for UE’s control channel (BC) has been pre-defined by OAM (Sol.2) or informing peer eNB via signalling interactive (Sol.3). Implicitly, the carrier(s) which can be used as UE’s SCell is also been pre-defined.
For the BC which will have been protected by network planning, i.e. the protected resources have been determined by operators before deployment, the interference level is predictable. In theory, by the protection in advance, it allows the BC of macro interferes with the AC of pico which is in the same frequency with macro’s BC. 
However, there are also two cases about interference between macro carriers and pico carriers. Case 1, macro AC interferes with pico BC. If high load occurs on macro AC, the interference on pico BC is possible. Because macro AC generally does not use for transmitting PDCCH, although the lower transmission power impact on cell capacity, it is acceptable. Therefore, the better way to solve the interference is controlling the interference source. Case 2, macro BC interferes with pico BC. If the case happened, decreasing transmission power for the BC in macro or in pico are both applicable. Certainly, R8 ICIC mechanism may also be used. 
2) Class 2: Dynamic solution, i.e. Sol.1

The key point of this solution is that all of operational carriers of eNB can be used as PCell or SCell for UEs. The allocation of PCell/Scell for a UE is dependent on load or interference level of the carrier. The mechanism is a kind of dynamic balancing between carriers. The ideal result is keeping load and interference balance between macro carriers and pico carriers. However, it is just anticipation in theory but would not be realistic. Unbalanced load and interference level between two neighbouring carriers is still have chance to be happed. If a carrier interferes with neighbouring carrier with same frequency on downlink, the adjustment method depicted in the solution can be used for mitigating the interference on the carrier.
To implement dynamic allocation of UE’s PCell/SCell, the necessary information should be exchanged via X2 interface frequently.

Comparing these two class solutions of PCell/SCell configuration on UE, Class 1 is easier to be achieved. And further, Sol.2 is easier and effective enough for configuring UE’s PCell/SCell. However, Sol.2 assumes an ideal situation of interference control and it cannot control the interference if it occurs.

Observation 1: Relative static solution is more suitable for controlling PCell/SCell allocation for UE.

2.2 Indicator vs. RNTP

Sol.1 and Sol.3 are the solutions which have function to deal with inter-eNB interference at carrier granularity. To trigger interference mitigation procedure, some information should be exchanged via X2 interface at first. In Sol.1 the indicators which indicate suffering interference on data channel and control channel are transferred from pico to macro. In Sol.3 the RNTP information is used to indicate data channel interference.
The shortcoming of Sol.1 is how to transfer indicator via X2 interface. It seems a new IE or procedure is needed. Another point is how to trigger the indicators transfer, but it is implementation dependent.

The issues need to be discussed for Sol.3 is usefulness of RNTP information. In R8, RNTP is transferred from eNB1 to eNB2 to indicate expected downlink transmission power per PRB. The eNB2 schedules its UE out of the PRB which will suffer high interference. If the mechanism reused in carrier-based ICIC, the procedure may not be useful to tune the interference level which pico UE suffered from macro cell. If RNTP information is send by pico, it is obvious the information is wasted. If RNTP information is send from macro to pico, the only action which pico can be done is schedule PUEs from indicated PRB or trigger RNTP threshold modification that mentioned in Sol.3. However, the resource in pico should be the one who would be protected. It is reasonable to tune the interference level of macro cell.
Observation 2: The indicator is more useful than RNTP to be exchanged via X2, if needed.

2.3 Mitigation of interference

When the interference happened, there are several methods to mitigate the interference on pico UE.
a) Reduce the number of UEs using aggressor carrier.
b) Reduce the transmission power on aggressor carrier.
Method a) is more complex to be implemented. Reallocation of UE’s PCell should trigger handover procedure to force UE access to anther cell. And reallocation UE’s SCell is the action to reconfigure a new one for UE if there is full of carrier resource. The cost on capacity in this method is high.

Method b) is more suitable because it just reduce power of the carrier which is mainly for SCell under the assumption on using static BC&AC configuration. The sacrifice on AC capacity is helpful for protect pico UE resisting DL interference from macro.

Observation 3: Method b) is more suitable to be used to mitigate the interference on pico UE.
3 Conclusion

We have discussed DL interference mitigation method based on existing solutions. It seems only one of them is not enough to prevent and resolve DL interference issue in macro-pico scenario.
The following proposals are based on discussion above.

Proposal 1: It is proposed to adopt Sol.2 as baseline to configure the carriers which mainly used for UE’s PCell and UE’s SCell.

Proposal 2: When the DL interference occurred on pico UE after BC/AC applied for both macro and pico in macro-pico scenario, reduce the transmission power on aggressor carrier could be chosen for solve the problem.
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