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1 Introduction
In this contribution we address autonomous operational carrier selection (AOCS) for scenarios with macro and pico eNBs. We start by first describing the problems addressed by AOCS, as well as the corresponding anticipated benefits from using such techniques. Our focus in this contribution is on downlink interference challenges – mainly because RAN1 was asked to address relevance of uplink interference in recent LS from RAN3 [1]. We are thus, awaiting a reply from RAN1 before considering RAN3 solutions for the uplink interference issues. 
In Section 3, we present a general proposal for the distributed AOCS concept. Among others, basic rules and suggestions on useful X2 signaling are presented. In Section 4 we further motivate the attractiveness of a distributed AOCS solution as compared to a centralized OAM based approach for implementing operational carrier selection. The contribution is concluded in Section 5 with a summary of our main recommendations.
2 Problem addressed by AOCS
As found in many references [2]-[8], and also from Rel-10/11 eICIC studies, macro+pico scenarios can benefit from having some partial, or full, resource partitioning between the two layers. With AOCS, such resource partitioning is offered via clever carrier selection for different eNBs. In order to further illustrate the problems and benefits of AOCS for macro+pico scenarios, let us consider the example pictured in Fig 1. Here a simple scenario with a macro cell and a cluster of densely deployed picos is pictured. If macro and picos are using the same carrier, the picos will be limited to only serve UEs that are located in the base coverage area of those cells. However, if the macro and picos use different carriers, the picos will have a larger coverage area – illustrated by the extended coverage area in Fig. 1. The latter was also found from Rel-10 eICIC studies by using time-division resource partitioning between macro and picos. For UEs in the area with clustered deployment of picos there is likely to be high interference levels if all picos are using the same carrier and bandwidth. As reported in [8] (and also other sources), it is therefore often found that there are benefits from using some frequency reuse between densely deployed picos. However, the optimal frequency between the picos, and also between macro and picos naturally depends not only on the location of the eNBs and the propagation environment, but also on the offered traffic and location of UEs: picos that at given moment are congested may need additional capacity that will be causing interference when the load or user distribution changes. Thus, AOCS should offer a self-adjusting mechanism empowering the system to best use the available carriers, given the considered environment and traffic conditions.
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Fig. 1: Simplified illustration of downlink interference scenario for environment with macro and pico eNBs.
The problem addressed by AOCS, and the corresponding benefits, can be further summarized as follows:
· The main problem addressed by AOCS is controlling the interference between macro and picos (inter-tier), and among picos (intra-tier), via clever carrier selection in order to maximize the overall system performance, subject to the considered environment and traffic conditions. 
· The benefits of a self-adjusting AOCS mechanism can be summarized as follows:
· Maximizing the benefits of the available spectrum assets: Always achieving the best performance, given the set of available carriers, network topology and load conditions.
· AOCS endows eNBs with the ability to estimate the impact of their actions on neighboring eNBs; thus rendering outgoing (aggressor) interference 
· AOCS should offer improved end-user throughput, especially the least favored ones.
3 Concept proposal for AOCS 

It is assumed that AOCS is operating on a rather modest time-scale, as it is not desirable to have different base stations enable/disable carriers on a time-scale even remotely comparable to RRC operations. We therefore assume that the adaptation should be on the order of at least several seconds, if the interference is extremely unstable, or much slower in normal conditions. We propose to base the design of AOCS on following three fundamental premises:
1. Each base station node always has the right to have at least one active carrier enabled (operational carrier) from the set of carriers allocated for the node from the OAM (available carriers). Selection of this carrier shall preferably be done to minimize interference towards surrounding cells.
2. For additional capacity, a base station node may choose to enable additional operational carriers.

3. However, a base station node is only allowed to enable additional operational carriers given that this does not result in excessive interference for the surrounding base station nodes.

As also proposed in [9], proper description of AOCS requires introducing network specific carrier terminology. We therefore adopt the proposal from [9], and label the first carrier selected by each node as the Base Carrier (BC). Each node has only one BC. The carrier(s) selected on-demand for a increased capacity are called Additional Carrier(s) (AC). The notation of BC and AC is only assumed to be known at the network, and is therefore transparent to the UEs. Referring to the Rel-10 UE specific CA terminology, both BC and AC can be configured as PCell and SCell for UEs (i.e. part of the normal eNB RRM operation). In case extension carrier type is introduced in Rel-11 (currently under discussion in Rel-11 WI on LTE CA enhancements, see RP-111115), we assume that only ACs can be extension carriers, while the BC must be a basic carrier, carrying all essential system information and control channels. It is therefore also assumed that BC has priority over AC in case interference conflicts are detected on the same carrier between two or more nodes. In the following we provide further high-level proposals on how the procedures for selecting BS and AC could be designed.
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Fig. 2: The conceptual difference between eNB- specific carriers and UE-specific Pcell and SCell. The network terminology is fully transparent to the UEs.
Selection of BC:
In order to facilitate clever selection of the BC, it is desirable to have signaling between nodes to inform which carriers are currently in use. Thus, we propose to enable X2 signaling, which will allow informing which carriers a node currently uses as BC, and which carriers are used as AC (if any). A node about to select its BC should first acquire the aforementioned information from its neighboring nodes. Afterwards, it should select the carrier that minimizes e.g. BC collisions with its neighboring nodes. Thus, as an example, if no other immediate surrounding nodes have selected carrier #x as BC, then the evaluating eNB will simple select carrier #x as its BC.
In case all carriers are selected as BC by the surrounding nodes, the node should aim at selecting the carrier that minimizes the interference coupling with other nodes having selected the same as BC. Such information on the interference coupling between cells may be acquired from previous Automatic Neighbour Relation (ANR) information. For the special case of HeNBs, the HeNB performing the BC selection can use network listening mode (NLM) to measure the path loss / signal strength from neighboring nodes and use that as a simple measure of the interference coupling – see e.g. the algorithm proposals for such cases in [5]. Once the BC is selected by a node, it is kept on, and in principle not changed. However, as will be discussed later, there could of course be rare cases of detected interference problems on BC that calls for actions. Such actions may include selecting a new carrier as BC. 
Selection of AC
If a node experience more offered traffic than it can carry on its BC, it may enable AC(s) to further boost its capacity. However, as mentioned earlier, a base station node is only allowed to enable additional carriers given that this does not result in unreasonable interference for the surrounding base station nodes. Granting eNBs with the ability to learn what the “reasonable” means is the key aspect here.
Background Interference Matrices

eNBs can be seen as information hubs because they have access to various measurements that are useful for decisions, e.g. eNB Rx interference measurements, as well as measurement reports from the UEs that it serves. Yet this information is not shared or propagated through the network. As a result, decisions performed by autonomous agents pertaining to carrier selections could put the network stability on the line, something that raises understandable concerns. In order to establish a controllable framework precluding “random” or greedy carrier (de-)activations, we propose to introduce the collection and exchange of so-called background interference matrices (BIM) entries. A BIM entry characterizes the interference coupling for a pair of cells through an expected signal to interference ratio (SIR). Such SIR denotes the radio interference conditions in case a pair of eNBs (serving and a single interferer) transmit simultaneously over the same band (carrier) with the same power spectral density.
The BIM is proposed to be built by each node from a collection of already standardized UE measurement reports – namely received signal reference power (RSRP) measurements. Therefore, BIMs can be built as a by-product of normal system operation. Each eNB shall collect RSRP measurements reported from its served UEs: both measurements to own-cell and neighboring cells. The UE RSRP measurements do not necessarily need to be collected from all UEs, but could be limited to those that are anyway subject to standard handover event reporting’s such as e.g. A3.
Subsequently these measurements are filtered and exchanged among eNBs via X2 signaling. The local processing of the measurements serves two purposes: (i) making sense of all measurement reports (data fusion) to yield a meaningful characterization of the interference coupling. (ii) curbing the volume of data to be exchanged among eNBs. However, the best way to process the information collected locally before it is exchanged with neighbors is for future study.
More accurately, we speak of two SIR entries characterizing the interference coupling for each pair of cells. The incoming SIR and the outgoing SIR. The former is a representative value of the SIR experienced by UEs served by eNB 1 if eNB 2 were the only interferer. Conversely, the latter is the SIR experienced by UEs in eNB 2 if eNB 1 were the single interferer. Notice that outgoing SIR is calculated based on RSRP measurements performed by UEs served by the neighboring eNB, thus this information needs to be exchanged. Observe that one eNB’s incoming SIR is signaled to the neighboring eNB where it will characterize as the neighbor’s outgoing SIR. The choice for pair-wise characterizations limits the volume of X2 signaling. The downside is that eNBs has no knowledge about the neighbor’s neighbors. Fig.3 depicts the envisioned pieces of information contained in BIMs which would ultimately guide the selection of AC(s). Fig. 4 illustrates the AOCS concept in action. 
Resolving rare BC interference conflicts
In addition to the proactive BC and AC(s) selection ICIC mechanisms, it would also be useful to have a reactive element included in the AOCS concept. Here it is proposed to have each node monitor the quality of its BC. If the quality of the BC is detected to be too low, the victim node should be entitled to send a reactive X2 message to its neighbors, such as an “interference reduction request (IRR)”. The idea is that the IRR message is allowed to be sent in response to poor quality on a eNB’s BC, but not AC(s). The receiving nodes should afterwards take appropriate actions to help solve the interference problem, taking into account that BC has priority over AC(s). Thus, if receiving nodes enabled an AC on the same carrier chosen as BC by the sending node, they could e.g. release that AC, reduce its power, or take other appropriate actions. In the very rare case where surrounding nodes cannot help improve the quality on the BC, a new carrier may have to be selected as BC. 
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Fig.3: Illustration of the quantized contained in a Background Interference Matrix. Notice that the interference coupling is not necessarily symmetric due to path loss conditions and UE locations. 
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Fig.4: Simplified illustration of basic AOCS principles. Current operational carriers (BC & AC) are depicted as well. Depending on the interference coupling, the base station on the left side might refrain from enabling the first CC and choose only the third CC. 
Summary of anticipated X2 signaling for AOCS:
As a first tentative indication, we estimate that the following X2 signaling will be needed for AOCS:
· Signaling of which carriers a node have selected as BC and AC(s). We call it carrier allocation table. The carrier allocation table could also be defined to include used transmit power of selected carriers.

· Signaling of incoming and outgoing BIM between nodes. The exchange of BIM entries make cells aware of their impacts as victims as well as sources of interference, thus paving the way to cooperative scenarios. 
· Signaling of interference reduction request (IRR) to inform neighboring nodes of detected interference problems on BC.

Please note that above proposed X2 signaling requires more work to have clearly defined, and to e.g. have studied if it can be included as new IEs in existing messages on X2. Finally, as discussed also in other contributions, before defining new X2 signaling for CB-ICIC, AOCS, it should be checked if existing X2 signaling could be used for such purposes as well.

4 Distributed AOCS vs centralized OAM solution 

Our starting point is that AOCS shall operate in distributed manner, similarly as also assumed for the Rel-8 ICIC and Rel-10 eICIC schemes. Using a distributed approach has several advantages, as compared to a centralized solution. First of all, a distributed solution is more scalable, as it does not include a centralized processing point for managing and taking decisions for many eNBs / HeNBs. Secondly, applying a distributed scheme with decisions made by individual eNBs / HeNB has the advantage of having easier access to various cell specific information and measurements. As outlined in Section 3, a distributed AOCS solution can be implemented by introducing only little additional X2 signaling, and effective use of available measurement reports at the individual eNBs (including measurement reports from UEs). The required X2 signaling to have distributed AOCS is estimated to result in marginal additional signaling load, and therefore not require updates of X2 signaling bandwidth.
An alternative approach (as compared to distributed AOCS solution) would be to select a centralized solution, where all carrier selection decisions are made by OAM as proposed in [10]. As described in [10], implementation of such a centralized OAM based solution is possible without additional standardization effort (though it has not been confirmed the existing KPIs are sufficient to enable precise carrier selection). However, centralized solutions would require signaling of many eNB and UE measurement reports to the OAM unit, and therefore put high signaling and processing demands on this unit. This approach may become even less practical when migrating towards heterogeneous networks with large number of small cells. 
Thus, despite of technical possibility to implement operation carrier selection schemes via centralized OAM (without additional standardization effort in RAN3), we still propose to consider standardization of new X2 signaling that will enable also distributed implementations of AOCS. A distributed AOCS solution is attractive for HetNet deployment scenarios due to its inherent scalability, relieving operators from the burden of manually managing interference and without putting additional processing and signaling load on OAM and its interfaces. 
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Fig.5: The densification of cellular systems needed to meet the predicted mobile data traffic growth (6.3 exabytes by 2015) calls for automation and favors fully distributed approaches .
However, as explained in our previous contributions, the operator shall naturally have full control over the network. Thus, it should be possible to configure from OAM which carriers each eNB have available for AOCS. The selection of the available carriers may, for example, be based on network planning procedures. Similarly, OAM should be allowed to e.g. also statically configure BC (or other carriers) for the eNBs if that is desirable to have fixed. Thus, operators should have the full freedom to use full AOCS, or to partly / fully disable AOCS per eNB.
5 Summary 
In this contribution we have laid the foundation of a carrier-based ICIC mechanism for scenarios with macro and pico eNBs. The proposed Autonomous Operational Carrier Selection (AOCS) interference management solution has the intrinsic advantage of being fully backwards compatible, as well as offering protection to both data and control channels even in the special case of cells operating with closed-subscriber group configurations. AOCS introduces a cooperative framework and ensures that resources are used as efficiently as possible through slow adaptation to network topology and load variations. A network-specific carrier terminology has also been introduced. Carriers are categorized as either Base or Additional, BC and AC respectively. The former are always active, while the latter are selected on a on-demand basis. Moreover, through the knowledge contained in the background interference matrices (BIMs) – built via infrequent X2 information exchange – eNBs become aware of the impact of their decisions, thus precluding “random” activation of carriers. This introduces a degree of interference predictability that is not possible currently without resorting to semi-static resource utilization restrictions. Finally, the distributed nature of AOCS is considered attractive because it is both scalable and avoids the introduction of an undesirable single point of failure as centralized OAM solutions do.
6 Text proposal

Based on the above considerations, following problem definition is proposed for the TR [11]:

	*** First change, omitted text not changed ***


4
Use cases for carrier-based HetNet ICIC

4.A
Interference coordination in dense macro-pico deployments
4.A.1
Description

This scenario concerns operational carriers selection.

The scenario assumes deployment consisting of a macro cell and a cluster of densely deployed picos. If the macro and picos are using the same carrier, the picos will be limited to only serve UEs that are located in the base coverage area of those cells. However, if the macro and picos use different carriers, the picos will have a larger coverage area – illustrated by the extended coverage area in Figuge 1. For UEs in the area with clustered deployment of picos there is likely to be high interference levels if all picos are using the same carrier and bandwidth. As reported in [8] (and also other sources), it is therefore often found that there are benefits from using some frequency reuse between densely deployed picos. However, the optimal frequency between the picos, and also between macro and picos naturally depends not only on the location of the eNBs and the propagation environment, but also on the offered traffic and location of UEs: picos that at given moment are congested may need additional capacity that will be causing interference when the load or user distribution changes.
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Figure 1: Simplified illustration of downlink interference scenario for environment with macro and pico eNBs.

4.A.2
Solution

The solution is based on following principles:
1. Each base station node always has the right to have at least one active carrier enabled (operational carrier) from the set of carriers allocated for the node from the OAM (available carriers). Selection of this carrier shall preferably be done to minimize interference towards surrounding cells.
2. For additional capacity, a base station node may choose to enable additional operational carriers (if there are any available carriers not used yet).

3. However, a base station node is only allowed to enable additional operational carriers given that this does not result in excessive interference for the surrounding base station nodes.

The first carrier selected by each node is the Base Carrier (BC). Each node has only one BC. The carrier(s) selected on-demand for a increased capacity are called Additional Carrier(s) (AC). The notation of BC and AC is only assumed to be known at the network, and is therefore transparent to the UEs.
4.A.3
Discussion
	*** Remaining text not changed ***
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