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1.  Introduction

Several contributions have been submitted to RAN3#74 on the DL interference scenarios for Pcell/Scell selection in  macro-pico heterogeneous deployments (see reference [3-7]), resulting in a revised text for TR R3.024 [1] and a more detailed consolidated proposal for the problem description [2]. The particular scenario corresponds to the deployments described in subclause 9A of TR 36.814 [8], where examples of interference mitigation in time and frequency domain are described, as outcome of previously completed investigations. 
It seems therefore appropriate to start looking into solution alternatives and capture them in TR R3.024. 
2. Discussion
In case of heterogeneous deployments, interference mitigation needs to be performed in DL to properly serve users handed over to the pico cell with Cell Range Expansion (CRE) and suffering from high interefence while at the pico cell edge. Different techniques are possible for interference mitigation, whereby one of the key concept is that resources protected from interference shall be available at the pico cell to be used for scheduling users suffering from high interference levels from neighbour macro cells. 

In particular, as focus of the present WI, ICIC is dealt with in the frequency domain, on a carrier base with the selection of the appropriate Pcell/Scell(s) enabling to convey scheduling information to the UE in CRE with protected resources, e.g. by means of cross-carrier scheduling. In this case protected resources could be realized by reducing power on (a portion of or all resources) of one of the carriers transmitted by the macro cell, as illustrated in the example of section 9A.2.1 of TS 36.814 [8]. 
For this mechanism to work, a consistent carrier configuration across macro and pico cells need to be in place as otherwise protected resources cannot be really guaranteed. Both the macro and the pico cells should be aware of what resources are protected, the macro to enable the protection and the pico to use the protected resource properly. This is captured in the discussion and analysis of e.g. [3] and [4], where it is shown that both data and control channel will need to be considered for the scope.
Observation 1: A consistent configuration of resources across macro and pico cells is needed to realize protected resources in HetNet scenarios, when carrier-based ICIC is used to mitigate interference.
Observation 2: Both data and control channel should be considered for the scope of protecting resources.

The consistent configuration could be achieved in different ways and can be more static or adaptive. The basic way to realize a static configuration is via O&M approach (see solution 1 in section 3), while a more adaptive mechanism can be achieved via signaling approach on the same line of the one defined for eICIC in Rel-10 as described in [4], which is summarized below as solution 2.

Proposal: It is proposed to capture these two approaches as possible solutions for the DL interference scenario.

3.  Conclusions and Text Proposal
In this paper we have summarized possible approaches to enable carrier-based ICIC for the DL interference scenario in macro-pico HetNet deployments and observed that a consistent configuration of resources for the purpose of ICIC across macro and pico cells (where both data and control channel) are considered is necessary. 
It is therefore proposed to capture listed approaches  in the TR [1], by means of the following text.
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4.2.2
Solution

The solutions proposed for DL interference mitigation in macro-pico environment shall be enhancements to the existing mechanisms defined in Rel.10 and before. The assumptions and pre-requirements for those solutions should not be changed. The scenario corresponds to the deployments described in subclause 9A of TR 36.814 [2], where some examples of interference mitigation in time and frequency domain are described. In the scope of this WI, the focus is on frequency domain techniques and coexistence of time-domain ICIC and frequency-domain ICIC techniques is FFS.

Two approaches are considered, one static and based on O&M only, and another one more dynamic and with better resource granularity, based on X2 signaling.
4.2.2.1

Solution 1: O&M-based approach

In this solution, a O&M-based approach is considered for which the involved nodes are statically configured via O&M in a consistent way to properly coordinate for carrier-based ICIC. The solution involves:
· Activation of HetNet ICIC mechanisms in frequency domain for both macro and pico cells in respective eNBs
· Consistent configuration of protected resources across macro and pico cells, which can be used for interference mitigation by the respective eNBs in HetNet deployments
Different alternatives of consistent configuration could be envision for static configuration:

1a ) carriers assigned to macro and to pico cells do not overlap (protected resources are implicit)
1b ) carriers assigned to macro and to pico cells overlap (protected resources are achieved via appropriate power)
4.2.2.2

Solution 2: Signaling-based approach
In this solution, a signaling-based approach is considered for which the involved nodes exchange information via X2-AP to coordinate the configuration used for carrier-based ICIC. The proposed enhancement consists of the following:
a)  The Relative Narrowband Transmit Power IE (RNTP) included in the Load Information message is used to exchange information about transmit power for Physical Resource Blocks (PRBs) used for data channels, in order to assist carrier selection for users in CRE in HetNet deployments.
b)  The current X2-AP protocol used for data is extended to the control region (details are FFS).
c)  A message exchange framework similar to the one defined for Rel-10 eICIC is adopted to assist carrier selection in HetNet scenarios via X2-AP (cfr Figure 4.2.2-1).
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Figure-4.2.2-1: Message exchange for Pcell/Scell(s) selection assistance in carrier-based HetNet ICIC.
When carrier-based ICIC is configured, the eNB with low power cells can receive the RNTP bitmap of its operational carriers and use the information to assist the selection of Pcell/Scell(s) of served users. It is FFS if the current RNTP reporting mechanisms should be extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about.
The macro eNB can request to report loading status information to monitor and further tune the power allocation of the protected resources.
Similar to what defined for eICIC in Rel-10, the eNB needing assistance can send an Invoke Indication to the assisting node to receive information about allocated resources in the frequency domain.
4.2.2.3

Solution 3: …
4.2.3
Discussion
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