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1 Introduction

In last RAN4 #AdHoc1 meeting, the interference control mechanisms for LTE TDD Home eNB (HeNB) have been discussed and technically endorsed [1][2]. While most of the agreed methods for LTE FDD HeNB have been retained for TDD, some revisions and additions are made. Specifically, the interference control mechanisms among neighboring HeNBs based on frequency partitioning are introduced for both control and data channels, which are applicable to both FDD and TDD. This contribution proposes to also add these contents to LTE FDD HeNB technical report [3].
2 Text proposal
7 Interference Control
7.1 HeNB Measurements

7.2 Control of HeNB Downlink Interference
7.2.1 Control Channel Protection
7.2.1.1

Time shifting for overlapped carriers with frame time shifting at symbol level
7.2.1.2

Carrier offsetting or frequency partitioning with per-subband interference estimation
7.2.1.3

Control of HeNB downlink interference among neighboring HeNBs control channels by frequency partitioning
Unlike data (PDSCH, PUSCH), there is no HARQ for control channel transmissions which must typically target fairly low BLER of 1% or less. HeNBs that are in close proximity of each other will not have reliable downlink control channels (e.g. PDCCH, PHICH, PCFICH, PBCH, P/S-SCH). One way to solve this is to segment the LTE carrier and allow the interfering HeNBs to transmit their control signaling in separate frequency domain resources. For example, if the LTE carrier is 20MHz then it would be segmented into two 10MHz carriers on the downlink with each of the two interfering HeNBs transmitting its control signaling (PDCCH, PHICH, PCFICH, P-SCH, S-SCH, PBCH) on one of the 10 MHz carriers.

Both Release-8 UEs and Release-9 UEs would access the HeNB as a 10 MHz carrier and receive control and broadcast signaling from HeNB within 10 MHz.  However, Release-10 UEs can additionally be assigned PDSCH resource on the remaining 10 MHz frequency resources using carrier aggregation. Therefore, while Release-8/9 UEs are limited to allocations of 50 RBs, Release-10 UEs could be assigned any portion of the 100 RBs.
7.2.2 Data Channel Protection

7.2.2.1 Control of HeNB Downlink Interference towards macro eNB data channels by frequency partition

7.2.2.2 Control of HeNB Downlink Interference among neighboring HeNBs
When powered on, a HeNB listens to neighboring HeNBs’ control channel and reference signal transmissions, determines the cell ID of each neighboring HeNB and measures the path loss from each of them. In addition, the HeNBs could also use reports from UEs.
Based on this information, HeNBs could use fractional frequency reuse (FFR) to orthogonalize the resources used and increase the overall performance of the network.

7.3.2.2.1 Centralized Coordination
The centralized coordinator can form an adjacency graph of all HeNBs based on the reports from each HeNB.

Each HeNB estimates the fraction of time it needs to transmit according to the traffic load and channel conditions of its UEs, and reports this ratio to the centralized controller via S1 signaling.
· For mixed traffic with both delay sensitive traffic and delay tolerant traffic, two ratios which correspond to both traffic types will be reported.

·  Each HeNB needs to update its report when at least one of the following event happens:

· New traffic session initiation

· UE channel condition variation over a pre-defined threshold
Given the adjacency graph and the reported ratios from each HeNB, the centralized coordinator determines
Option1: the subframes that each HeNB is allowed to transmit, and notifies each HeNB of its transmission pattern via S1 signaling. 
A HeNB needs to properly configure DRX parameters of its UEs according to the transmission pattern notified by the centralized coordinator.
Option 2: the subbands or carrier frequency that each HeNB is allowed to transmit, and notifies each HeNB of its transmission pattern via S1 signaling.
Note that the S1 signaling load between HeNBs and the centralized coordinator could be large if the number of HeNB connections per coordinator is significant. To reduce S1 signaling, it is preferable to limit the number of HeNB reports to the centralized coordinator. For example, the centralized coordinator can assign a HeNB a lot more resources than it actually needs, and the HeNB will not send a report to the centralized controller unless it uses up all the assigned resources. As HeNBs are generally lightly loaded, a HeNB may rarely send a report if it is assigned a large fraction of resources (i.e. sub-frames, subbands or carrier frequency).
7.3.2.2.2 Distributed Dynamic Frequency Partitioning

Based on the information collected, the HeNBs can construct a “Jamming Graph” where each node denotes an active HeNB and an edge denotes jamming condition between two HeNBs. A jamming condition is declared when the channel gain difference between the interfering and serving links exceeds a certain threshold. The distributed fractional frequency reuse planning problem is now converted into a graph coloring problem, which could be solved in a distributed manner at low complexity.
Examples of such algorithms and brief performance analysis are given in [4], [5], [6] for both the FDD and TDD case. 

This algorithm could be an adaptive algorithm in which resources are negotiated and adaptively allocated for different nodes, based on a utility function that enables nodes to quantify the benefit or loss due to each resource coordination action [7]. These utility values can then be used at each node to select the right resource coordination requests to be sent to their neighbors, or to select the best requested coordination action from among multiple received requests, and hence to grant/reject the requests based on their quantified benefit to the network.
To support this adaptive algorithm, network nodes need to exchange information such as subbands reuse updates and utility information. The performance depends significantly on the latency of the messaging, especially in the case of non-full buffer traffic. This information should be taken into account while analyzing the different options for such information exchange (e.g. X2, S1, over-the-air, over-the-air via UE).
7.3.3 Power Control
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