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1 Introduction
One of the identified use cases for Rel-11 carrier based ICIC (CB-ICIC) is: 

· Per UE carrier selection for PCell and SCell: user carrier selection assistance when carrier-based ICIC is used for interference management purposes. The carrier aggregation feature is available on the network side and both CA-capable and non CA-capable UEs are present in the system. 

In the following we refer to the above as inter-site carrier aggregation (CA) optimization, and propose simple solutions in the form of new information exchange over X2. In addition to coordinated per-UE configuration of PCell and SCell, we also discuss simple mechanisms for coordinated use of cross component carrier (CC) scheduling to alleviate control channel interference problems.

The contribution is organized as follows: In Section 2 we present the addressed and problem, as well as summarize the Rel-10 CA fundamentals. Proposals for inter-site information exchange are presented in Section 3, followed by discussions on how to map those to X2 specifications in Section 4. Concluding remarks are presented in Section 5, while a text proposal for the RAN3 TR is presented in Section 6.

2 Addressed Problem and Rel-10 CA Fundamentals
Let us consider the scenario pictured in Fig. 1, where there are two eNBs (macro and pico) and two enabled carriers. Carrier aggregation (CA) is assumed such that UEs supporting CA are capable of being scheduled simultaneously from two carriers on the same eNB if configured for such operation. UEs not supporting CA (e.g. legacy Rel-8 and Rel-9 UEs) are only schedulable on a single carrier. For the case illustrated in Fig. 1 there can be non-negligible interference between the macro and pico due to overlapping coverage, and therefore it is foreseen that introducing full, or partial, resource partitioning between the two eNBs would be beneficial – at least for some cases. In the considered example shown here, we assume that the resource partitioning is implemented in the frequency domain on a carrier resolution, i.e. in line with the overall CB-ICIC principles.

Thus, the problem addressed here is how to introduce supporting mechanisms to allow CB-ICIC for CA optimization. Our focus is to propose a set of new, or extension to existing X2 messages, which will be useful for implementing CB-ICIC for CA optimization purposes. The latter was also addressed in [1]-[2], including discussion of corresponding candidate solutions.
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Fig. 1: Simple illustration of scenario with CA of two carriers on macro and pico. Source: 3GPP TR36.814
In order to further set the scene for the considered problem, we here summarize the basics of LTE Rel-10 CA terminology that will be used in the following: 

· For each user, a component carrier (CC) is defined as its Primary cell (PCell). Different users may not necessarily use the same CC as their PCell. 

· The PCell can be regarded as the anchor carrier for the terminal and is thus used for basic functionalities such as radio link failure monitoring, mobility measurements, etc. If more than one CC is configured for a user supporting CA, the additional CCs are denoted as Secondary Cells (SCells) for the user. 

· Configured SCells are by default de-activated, so they have to be explicitly activated before being schedulable. However, the PCell for a user is always assumed to be activated and is therefore not subject to any deactivation procedures.

· For users in CA mode, the eNB can send a scheduling grant on one CC for scheduling the user on another CC. The latter is referred to as cross-CC scheduling as the scheduling grant and the corresponding data transmission takes place on different CCs. The cross-CC scheduling functionality is incorporated by appending a so-called carrier indicator field (CIF) to the downlink control information (DCI). The DCI is used to indicate the user allocations for uplink and downlink traffic, and the CIF is used to address which CC the user data is transmitted on. When the CIF is appended to the DCI, the payload size increase slightly, and as the radio resources for the transmission of the data is constant, the link performance is slightly worse due to weaker coding. The cross-CC scheduling functionality offers additional system flexibility for further optimizing control and data channel performance across multiple CCs. Note that only scheduling on SCell is possible via cross-CC scheduling, i.e. scheduling of data on PCell always happens via scheduling grants send on the PCell.

Given these definitions we make the following observations related CB-ICIC for CA optimization:

· Referring to Fig. 1, it would be desirable to have the users on macro and pico use different carriers as PCell for their users. However, this is not always possible, since users operating on one carrier will only have PCell, and congestion may therefore likely occur for some cases if all users on an eNB use the same carrier as PCell.

· The SCell can be quickly de-activated with MAC signaling, such that interference can be reduced. Even if a user has no SCell, it can still have service on the PCell.

· For the cases with two carriers as illustrated in Fig. 1, cross-CC scheduling can only take place from the carrier configured as the users PCell, since the user can only have one SCell (if there are two carriers). This means that if the objective is to reduce interference from the control signaling, use of cross scheduling can only help to reduce interference generated on the user’s SCell (i.e. control info such as PDCCH is send from PCell).
3 Inter-Site Information Exchange for CA Optimization 

When an eNB have to decide on how to assign PCell and SCell for its users it would be useful to first obtain a priori knowledge of how neighboring cells have configured PCell and SCell for its users. If we again consider the example case with two carriers in Fig. 1, and it is known that neighboring cells mainly use carrier 1 for PCell, then it would make the most sense for the eNB to use carrier 2 for PCell of its users. The first proposal for inter-site information exchange is therefore to introduce a load measure that captures information on PCell and SCell usage per carrier. For the sake of simplicity, we call it PCell/SCell carrier load in the following. Having such a PCell/SCell carrier load report from neighboring eNBs will be useful a priori information for an eNB to decide on how it best configures PCell and SCell for its users. 
Proposal 1: A new PCell/SCell carrier load information to be exchanged, which basically includes a PCell and SCell load on the carrier. Such information can be added as an extension of the existing X2 signalling.
The existing RNTI/HII procedure enables an eNB to inform neighbor eNBs about planned usage of radio resources. Also, existing X2 specs include somehow related reactive mechanism for the uplink, called Overload Indication (OI). There is not mechanism for downlink though. The second proposal for new inter-site information exchange to facilitate CB-ICIC for CA optimization is motivated by the fact that an eNB should be able to inform its neighbors if it has problems with reliable downlink data channel transmission on carrier number X. This would enable the peer eNB to take necessary actions, if it is able to. Those actions by the peer eNB, for improving the situation, may be (but are not limited to) to reduce the number of users using carrier X (e.g. by de-activating SCells on carrier X), reduce the transmission power on carrier X, etc. If the peer eNB for some reasons is not able to take actions for reducing the interference on carrier X, it may inform the initiating eNB about the problem. The indication about data interference problem on a given carrier could be a single binary message, but also could include higher level of granularity to indicate the criticality of the data channel interference problems. 
Proposal 2: A new indication of detected downlink data channel interference problems on a certain carrier. Such information could be included in X2 similarly as the existing Overload Indicator information.
Similar procedure is needed for control channels (CCH), too. An eNB may inform a neighbor eNB it detected CCH interference problem on carrier X. The actions that the peer eNB can take to reduce the interference it creates for the sending eNB is basically to reduce its  transmitted energy for the CCH region on carrier X. This is for example possible by starting to use cross-carrier scheduling for carrier X, such that PDCCH scheduling grants for carrier X are send from other carriers. Current specifications do not include any load measures or procedures directly related to CCH problems, and hence what is proposed here is considered add value for Rel-11.

Proposal 3: A new indication of detected control channel interference problems on a certain carrier. Such information could be included in X2 similarly as the existing related Overload Indicator information.
4 Proposed X2 Standards Updates

The presented proposals for additional inter-site information exchange for CA optimization purposes are suggested to be captured in the X2 specification. The new information exchange could be defined as new information elements (IE) for existing X2 messages (e.g. being defined as new IEs for existing LOAD messages). 

The proposed PCell/SCell load can be defined in numerous different ways. Some examples are given here:

· It can be defined as the percentage of used PRBs for PCell and SCell on the carrier, respectively. By using this definition, the load measure becomes a simple extension of the existing load measures in 3GPP TS 36.423, where percentages of used PRBs are defined for GBR and non-GBR. Hence, here we just propose to also have defined per PCell and SCell, respectively.

· It can be defined as the number of configured users with PCell / SCell on the carrier, respectively.

Thus, the exchange of PCell / SCell carrier load could be implemented by using simple extensions of existing X2 procedures. Namely via use of modified “resource status report initiation” and “resource status report” procedures to convey PCell / SCell carrier load.
However, currently there are no mandatory measurements defined for an eNB that would differentiate PCell and SCell load, so the new information may be optional, or RAN2 may be asked to define needed measurements.

Similarly, the signaling of the data interference problem on carrier X could also be implemented via minor modifications and/or extensions of existing X2 signaling. As mentioned, the data interference problem on carrier X is a re-active interference management mechanism to indicate interference problems on the downlink for carrier X. Also, the OI is defined per PRB, while what we propose here for the downlink, data interference problem on carrier X, is per carrier. However, despite this difference, the X2 signaling of data interference problem on carrier X could be implemented similar as the OI, or as a simple extension of the OI message.
5 Concluding Remarks

In this contribution we have outlined the related problems and opportunities for using carrier based ICIC for coordinated inter-site CA optimization in the form of per-UE PCell and SCell configuration, as well as coordinated use of cross-CC scheduling. In summary, we propose:
1. A new PCell/SCell carrier load information to be exchanged, which basically includes a PCell and SCell load on the carrier. Such information can be added as an extension of the existing X2 signalling.
2. A new indication of detected downlink data channel interference problems on a certain carrier. Such information could be included in X2 similarly as the existing Overload Indicator information.
3. A new indication of detected control channel interference problems on a certain carrier. Such information could be included in X2 similarly as the existing related Overload Indicator information.
Based on our presented considerations, a text proposal for the RAN3 TR on CB-ICIC is presented in the following section.
6 Text Proposal for TR 

Based on the presented considerations the following is proposed for the TR:

	*** 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 per-UE CA optimization with carrier based ICIC.

Let us consider the scenario pictured in Fig. 1, where there are two eNBs (macro and pico) and two enabled carriers. Carrier aggregation (CA) is assumed such that UEs supporting CA are capable of being scheduled simultaneously from two carriers on the same eNB if configured for such operation. UEs not supporting CA (e.g. legacy Rel-8 and Rel-9 UEs) are only schedulable on a single carrier. For the case illustrated in Fig. 1 there can be non-negligible interference between the macro and pico due to overlapping coverage, and therefore it is foreseen that introducing full, or partial, resource partitioning between the two eNBs would be beneficial. In the considered example shown here, we assume that the resource partitioning is implemented in the frequency domain on a carrier resolution, i.e. in line with the overall CB-ICIC principles.

Thus, the problem addressed here is how to introduce supporting mechanisms to make the eNBs aware of PCell/SCell load distribution at one another. Then, to enable them to inform one another about interference problems experienced at served carriers for both, data and control channels. 
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Fig. 1: Simple illustration of scenario with carrier aggregation of two carriers on macro and pico.

4.A.2
Solution
The following set of new information exchange between sites over the X2 interface is proposed:

· A new PCell/SCell carrier load information to be exchanged, which basically includes a PCell and SCell load on the carrier. Such information can be added as an extension of the existing X2 signalling.

· A new indication of detected downlink data channel interference problems on a certain carrier. Such information could be included in X2 similarly as the existing Overload Indicator information.

· A new indication of detected control channel interference problems on a certain carrier. Such information could be included in X2 similarly as the existing related Overload Indicator information.
The above information exchange will enable simple inter-site coordinated CA optimization. 
4.A.3
Discussion
	*** Remaining text not changed ***
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