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Discussion
1 Introduction
In this contribution we further motivate and justify the relevance of Rel-11 autonomous operational carrier selection (AOCS), as a method for carrier-based inter-cell interference coordination (CB-ICIC). The paper focuses on the need for a new interference management mechanism and tries to answer some questions posed in the discussion at the last RAN3 meeting (#74).

We start with a general review of interference coordination schemes, followed by a simple analysis to justify why a new CB-ICIC mechanism is considered useful to complement the existing techniques, such as LTE Rel-8 ICIC and LTE Rel-10/11 Further enhanced ICIC – also known as (F)eICIC. Finally, we present a text proposal (TP) for the CB-ICIC technical report (TR) to capture main conclusions from this contribution. 
2 Discussion
Existing solutions
Network centric interference coordination schemes for mobile communication networks have been studied for a long time, considering a variety of scenarios and techniques. Overall conclusion from such studies is clear: depending on the exact scenario and interference coupling between base station nodes, it is beneficial to have resource partitioning between nodes to improve the performance. As the optimal degree of resource partitioning depends on the numerous factors, some of which are time-variant, it is desirable to have (semi-)dynamic interference management solutions where the degree of resource partitioning is adjusted to yield the best overall system performance. The latter is also the conclusion from numerous 3GPP LTE studies, as well as studies in the open literature; see [1]-[11]. For example, LTE Rel-8 offers an intra-carrier mechanism for resource partitioning on PRB resolution among eNBs. LTE Rel-10/11 (F)eICIC offers time-domain resource partitioning between macro, pico, and HeNBs. However, (F)eICIC has some intrinsic limitations: it requires time-synchronization of all base station nodes and legacy UEs do not recap all the benefits. Also, neither Rel.8 nor Rel.10/11 (F)eICIC solutions offer full common and control channels protection.
Frequency domain:

A simple inter-cell interference coordination (ICIC) scheme was introduced already in the first LTE release, namely Rel-8. The goal of this ICIC scheme was basically to allow coordinated resource partitioning between base station nodes. The Rel-8 ICIC scheme relies on frequency domain resource partitioning on a per PRB resolution, and provides such a mechanism for both the uplink and downlink data channels, but no support for interference coordination for control channels. The Rel-8 ICIC mechanism can be characterized as an intra-carrier ICIC scheme. However, the Rel-8 ICIC scheme doesn't offer full resource partitioning between base station nodes, since common signals like e.g. common reference signals (CRS) are always transmitted. Hence, even if a PRB is not used for data transmission, some signals are still transmitted – causing interference for other cells. 
Main characteristics of Rel-8 can be summarized as follows:
· Support frequency domain intra-carrier ICIC on physical resource block (PRB) resolution.

· Include proactive ICIC (HII, RNTP) and reactive uplink ICIC mechanism (OI). Hence, solutions for both uplink and downlink

· Rel-8 ICIC mechanism includes coordinated interference management only for data channels, no ICIC mechanism for control channels in Rel-8
· Rel-8 ICIC work focused mainly on macro-only scenarios, although in principle also applicable for other scenarios.
Time domain:
The interference management scheme introduced in Rel-10 is called enhanced ICIC (eICIC), with further improvements introduced in Rel-11 – called FeICIC. The (F)eICIC scheme is addressing downlink interference problems between co-channel deployed base station layers by means of time-domain resource partitioning on a subframe resolution, and thus requires time-synchronization between base station nodes. 
Main characteristics of (F)eICIC can be summarized as follows:
· Downlink HetNet scenarios with macro+HeNB and macro+pico in focus.
· Focus on scenarios with single carrier, i.e. co-channel deployment of all (H)eNBs on same carrier, and thus focusing on intra-carrier enhanced ICIC (eICIC)

· Resource partitioning between layers concluded to be useful, i.e. corresponding to inter-layer ICIC mechanism.

· But, there is in principle nothing preventing from using Rel-10 eICIC to also have intra-layer resource partitioning (e.g. resource partitioning between picos, or between macros). 

· eICIC Resource partitioning implemented in time-domain
· But does not offered full resource partitioning as there is still transmission of signals in ABS

· eICIC resource partitioning only partially provides protection for system information such as PSS, SSS, PBCH.

· eICIC only works for time-synchronized networks 

· Rel-10 UEs support configuration of restricted CSI, RRM, and RLM measurements to work with eICIC.

· However, UE interference cancellation (IC) is required to have full benefit of (F)eICIC, so UE IC will most likely be supported by Rel-11 UEs (estimated – as no final decisions for Rel-11)
· Legacy UEs not having explicit (F)eICIC support will not harvest the full performance benefit from this feature. 
Needed enhancements
The first natural question that emerge is why do we need CB-ICIC as we already have Rel-8 ICIC and Rel-10/11 (F)eICIC that offers coordinated resource partitioning between base stations? The main disadvantage of the (F)eICIC is the need for continuous time synchronization between the involved nodes. This can be assumed to be achievable in some scenarios of HetNet environment, but not in all, due to operational reasons. Hence the need to focus on frequency domain solutions. 

As presented above, the existing HII/RNTP solution allows eNBs to inform neighbours about planned usage or suffered interference on the used carrier, with the precision of a single PRB. This, though defined for a single carrier, can be used on multiple carriers independently, too. However, as pointed out above, the biggest disadvantage is the fact that the interference control applies to data channels only: the Rel-8 ICIC solution does not provide full resource partitioning, since common signals like CRS are still transmitted even if there is no scheduling on a PRB. 
As concluded in [12] (as well as other studies), the LTE system is designed to have balanced performance and coverage for data and control channels. Hence, in order to have the full gain from interference management solutions, same benefits will in general have to be offered for all channel types. Without good and reliable control channel performance, the system will not perform well and hence those channels need to also be considered in further development of interference management solutions.
Since the physical layer can not be impacted, the only way to provide interference mitigation also for the control channels is to guarantee necessary resource partitioning. And if sufficient time synchronization is not possible either, the carrier domain must be exploited for the interference coordination.
Figure 1 is an attempt to summarize the main characteristics of Rel-8 ICIC, Rel-10/11 (FeICIC), and the proposed Rel-11 CB-ICIC. 

Figure 1: Overview of network centric interference coordination schemes illustrating how Rel-11 CB-ICIC complements the LTE interference management tool box.
Availability of multiple carriers
CB-ICIC is only relevant for operators with multiple LTE carriers. Thus, for initial LTE deployments on e.g. 10 MHz bandwidth, the CB-ICIC is not the most attractive solutions. At least two available LTE carriers are needed for CB-ICIC, while most likely three carriers would be required to have exploited close to the full CB-ICIC performance benefits. Thus, CB-ICIC is mainly attractive when operators start to deploy LTE on larger bandwidths (either in same or different bands). This has also been the motivation and valid case for Rel-10 CA, i.e. CA is relevant only for cases where operators start to deploy LTE on multiple carriers. Therefore, even though using the available bandwidth in one block may be efficient from the radio perspective, the interference management, including data and control channels, is expected to be relevant enough to motivate dividing it into smaller number of carriers. In such case, an operator will have multiple carriers that can help minimize interference, while CA will still provide gains of the full available bandwidth (at the time of commercial Rel-11 LTE deployment it is estimated likely that terminals designed for higher data throughputs will also be CA-enabled).
3 Summary 

In this contribution we have further outlined the overall goal and problems addressed by CB-ICIC. Simply put, CB-ICIC in the form of autonomous operational carrier selection provides an efficient method for introducing coordinated resource partitioning between base station nodes. This is needed especially for control channel protection, which can not be provided using Rel.8 and Re.10 (and Rel.11 FeICIC) methods. As found in numerous Rel-8 to Rel-10/11 interference management studies, it is useful to operate the system with resource partitioning between base station nodes, as this can protect also control channels thus leading to improved performance. It is especially useful for the downlink, and hence Rel-10/11 FeICIC also focused on developing downlink solutions. Thus, Rel-11 CB-ICIC is essentially addressing similar problems as Rel-8 ICIC and Rel-10/11 (F)eICIC techniques, but the proposed solution is having different characteristics and requirements, and hence is considered to complement those existing LTE interference management techniques. 

In summary, the relevance of Rel-11 CB-ICIC can be listed as:

· CB-ICIC offers resource partitioning between base station nodes on carrier resolution.

· CB-ICIC can work also for networks without time synchronization.

· CB-ICIC works for all UE categories. Does not require new UE support.
· CB-ICIC can be used as a technique for inter-eNB coordinated optimization of CA usage.

· CB-ICIC can be standardized with only minor updates of X2 specifications [1,9], i.e. without impact on physical layer, no additional eNB-2-UE signaling.

In line with the work item description for Rel-11 CB-ICIC and suggestions in [1,9], CB-ICIC can be supported by only including minor updates of X2 specifications. Simplest form of CB-ICIC with operational carrier selection is to have mechanism in place for determining if two neighboring eNBs can operate on the same carrier (co-channel), or whether they would benefit from using different carriers (dedicated carrier) [1]. Thus, it is considered to be a relative simple feature as it does not require any physical layer changes, no additional eNB-2-UE signaling, and has no impact on terminals. Given those considerations, we present an updated text proposal for internal RAN WG3 TR on CB-ICIC in the following section. 
4 Text Proposal for TR 

Based on the above considerations an updated text proposal, as compared to the version in [2], 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 operational carriers selection.

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. Attempts to correct power settings on the signalling channels to overcome interference may result in altering network planning assumptions. Hence, a method that enables protection of both, data and signalling channels is needed.
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 notion of BC and AC is only assumed to be known at the network, and is therefore transparent to the UEs. In line with the work item description, we should strive for a simple and practical solution where no changes to the physical layer are required, and a working solution for all UE categories without requiring time synchronization between base station nodes. Thus, aim at having only minor modifications of the X2 specifications to have the necessary information exchange between base station nodes to facilitate coordination.
4.A.3
Discussion
	*** Remaining text not changed ***
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