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1 Introduction
At RAN3 #75, the problem scope for operational carrier selection at pico was defined. Also, a list of existing mechanisms that can be used to address the problem was formulated. In this paper, a discussion on their effectiveness for the problem and possible new enhancements is presented.
2 Discussion
2.1 Problem definition
According to the agreement at RAN3 #75, the problem scenario is described as follows:

The problem occurs in a scenario, where the pico cells share one or more carriers (macro cells may share this carrier, too). In this case, for the shared carrier, the available interference mitigation methods apply to data channels only (and selected control channels), while broadcast and most other signalling channels may still be interfered. Hence, methods that enables protection of both, data and signalling channels on one or more shared carriers, may be needed.
2.2 Solution proposals
The text proposal lists identified new and existing mechanisms. It is to be added to the “Interference coordination in dense macro-pico deployments” chapter.
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4.A.2
Solution

Existing mechanisms
It is understood the existing mechanisms may and shall, whenever it is found beneficial, be reused. An example of how those mechanisms can be used today to perform cell switching on/off is presented in Figure 4.A.2-1.
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Figure 4.A.2-1, Operational Carrier Selection for Pico

The most relevant existing mechanisms are:

· Exchange of carrier information of neighboring eNBs via X2 setup procedure, including EARFCN, Transmission Bandwidth, etc.

· Exchange of interference information of neighboring eNBs via X2 ICIC procedures, including OI, HII, RNTP, ABS information

· Exchange of Load Status of neighboring eNBs via X2 resource status report procedure, including Hardware Load, S1 TNL Load, Radio Resource Status, ABS Status, etc.

· OAM configuration of the operational carriers to Pico, with carriers allocated per cell. Pico performs Cell activation/deactivation according to the load, interference information, etc. 

· OAM activation/deactivation of the operational carriers to Pico, with carriers allocated per cell. OAM performs Cell activation/deactivation according to measurements collected per UE, per eNB, etc.
· Configuration and reporting of UE measurements triggered by events based on neighbour cell signals or based on comparative neighbour to serving cell signals. Such measurements could support the carrier activation/deactivation decision process.
· When carrier activation/deactivation is performed for Energy Savings purposes, activation/deactivation of a carrier is informed to the neighbors eNBs by the meas of eNB Configuration Update X2 procedure. A neighbor may request carrier activation by the means of Cell Activation X2 procedure.
Solution 1: Carrier switching based on existing mechanisms
In situation of medium load, i.e. when capacity demand at neighbour Pico eNBs does not require activation of all available carriers, the load and interference information can be exchanged between Pico eNBs via the LOAD INFORMATION procedures and via the RESOURCE STATUS UPDATE procedures. If both peer eNBs recorded low to medium load in each other’s cells, they could decide to deactivate different carriers. For this purpose the eNB CONFIGURATION UPDATE procedure could be used to communicate which carrier has been deactivated and allow the other peer eNB to deactivate a different carrier.

Activation/deactivation decisions could also be supported by UE measurements collected at cell edge, which can provide e.g. information about signal strength of serving cell versus neighbour cell and therefore help understanding the likelihood of cell edge interference levels.
Alternatively, if the load in the macro becomes such that the carrier at Pico eNB needs to be reactivated for e.g. UE offloading, macro eNB may send a CELL ACTIVATION message to the Pico eNB. Similarly, if the load at Pico eNB becomes very high, pico may decide to reactivate the remaining carrier and signal such event to its neighbour eNBs via eNB CONFIGURATION UPDATE.

The OAM system can currently monitor different levels of statistics on a per UE basis or on a per eNB basis. Examples of such statistics are:

· Per UE, per cell, RRC measurements collected e.g. as part of "Logged MDT Procedures" or "Immediate MDT procedures" such as RSRP, RSRQ, CQI, handover measurements, reconnection establishment statistics (failed, successful) etc.

· Per cell, per carrier statistics collected for each eNB such as DL/UL utilisation per PRB, PRB utilisation (time when all PRBs are allocated)  Max TX carrier power, Mean TX carrier power, handover parameters settings, etc.

Due to the fact that the OAM system can monitor the whole macro neighbourhood, it can acquire a better understanding of the carrier reuse and interference on a given carrier frequency in the whole neighbourhood. The OAM could activate/deactivate carriers in Pico eNBs depending on the particular network conditions.

When the OAM based solution is used in conjunction with E-UTRAN level mechanisms, an implementation example could consist of the OAM system restricting the number of carriers configured in a given Pico eNB. The E-UTRAN based mechanisms could therefore be responsible for activation/deactivation of carriers in the restricted range configured.
Solution 2: Enhancement of LOAD INDICATION
If the LOAD INDICATION message is to be used for carrier switching (together with other existing mechanisms), it may be needed to introduce changes in the current specification to enable usage of the procedure between eNBs controlling cells of different carriers. Currently, LOAD INDICATION may be used only between eNBs operating on the same carrier.
Solution 3: Coordinated carrier switching based on interference information
In order to mitigate DL interference on control channels, separation of resources is needed based on interference information. Also, the operator must be able to lock resources that shall not be subject of carrier switching. Therefore the solution consists of following new mechanisms (or enhancements to existing mechanisms):

· OAM configuration of carriers per eNB: an eNB is allocated carriers per its cells with information which of them may be subject of carrier switching for interference mitigation purposes. 

· Exchange of carrier information between eNBs: an eNB, when setting up an X2 interface, or updating its configuration, may inform its neighbour which carriers may be switched to mitigate DL interference.

· Coordination of carrier switch-off: if users of an eNB suffer high interference, including control channels, on a carrier that a neighbour may switch off, the eNB may inform the neighbour about this situation in a form of switch off request.

· Coordination of carrier switch-on: in order to avoid causing sudden interference “jumps” when a cell/carrier is switched on, eNBs must be able to coordinate the process. This can be achieved either with exchange of interference information (eNB A informs eNB B how eNB B interferes users of eNB A – with this eNB B can estimate if it may switch on a carrier) or with switch on request (following the example above, eNB B informs eNB A a carrier is about to be swiched on and eNB A may prepare or request delay of switch on). 

The interference on control channels in DL can be estimated based on existing mechanisms, so that no new measurements are needed. For example, eNB may consider a UE is suffering high DL interference in control channels if it does not respond appropriately to signalling provided from the eNB (for example, providing data in response to a DL scheduling grant).
Solution 4: Optimization of the operational carrier of pico eNB

The single carrier pico eNB is assigned initially by the OAM with the initial operational carrier and a set of possible operational carriers to be eventually used. 
In case of unsuitable performance, the victim eNB asks some of its connected UEs to evaluates the CQI across the set of possible operational carriers (by using regular CQI measurements, as defined in 3GPP 36.213). 
For allowing the evaluation of CQI degradation caused by a specific eNB, on the operational frequency of the victim eNB, each strong interfering eNB (aggressor eNB) will alternate high power and ABS subframes. The resulting ABS pattern may be broadcasted to other eNBs using the X2AP ABS Pattern Info IE. A new X2 message is needed to synchronize the measurement start and duration with the application of the measurement pattern by the aggressor eNB and request for steady transmissions during the measurement subframe(s) from the other eNBs. 
Each aggressor eNB transmits the results of the CQI degradation (cost) measurement to the other eNBs. For transmitting the cost to other eNBs it is needed a new X2AP message. High cost means high interference impact. Each eNB operating on a given carrier can evaluate the impact of its operation and select the operational frequency having the smallest impact on MeNB and on other eNBs. 

Solution 5: Optimization of multi-frequency pico eNB
The multi carrier pico eNB is assigned initially by the OAM with the initial operational carrier and a set of possible additional operational carriers to be eventually used, as is also the case in Solution 3.
For measurement purposes, if the load on the used carriers requires the addition of a new carrier, the problem to be resolved is to select this carrier such that will create minimum interference to neighbour eNBs. There is no need to actually serve UEs on these carriers, but is only needed to activate the carriers and transmit information (for example to un-valid UE identifiers).
One or more UEs served by strongly interfered eNB evaluate the CQI in the situation that new candidate carriers are transmitting data. (by using regular CQI measurements, as defined in 3GPP 36.213).
The influence of the new activated carrier on CQI (cost) can be evaluated by each eNB in two modes:

1. By subtracting the CQI values measured with the new carrier from the CQI values measured before the new carrier were activated
2. By using the procedures defined in the Solution 4 for measuring the CQI degradation, with the exception that on each new activated carrier the interfered eNBs will measure and report the cost.
The eNB receiving the reports of the UEs, function of the own available capacity and the actual offered traffic, will decide to transmit or not the measurement result (cost) to the multi-carrier pico eNB. For transmitting the cost to other eNBs it is needed a new X2AP message. High cost means high interference impact.
The eNB will evaluate, for each potential operational carrier, the impact of its operation and will select for regular operation only those carriers which do not cause significant interference. Based on cost measurement results, the pico eNB may also the frequency of its basic operation.
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3 Summary
The paper proposes 5 methods to enable appropriate interference coordination in dense macro-pico deployments. Since the problem description was agreed only recently, the solutions have not been fully evaluated yet. It is proposed to continue discussion on their applicability, feasibility and provided gains at the RAN3 #75-bis meeting.
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