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1. Introduction

At RAN1#62bis a way forward on time-domain extension of Rel 8/9 backhaul-based ICIC was agreed – so basically addressing Rel-10 TDM ICIC for macro+pico scenarios [1]. Furthermore, RAN3 had first discussions on X2 signalling for TDM ICIC as summarized in [2]. Given these latest RAN1 decisions and RAN3 discussions, we further present our view on the possible X2 signaling for TDM ICIC in macro+pico scenarios in this contribution. 
The contribution is organized as follows; In Section 2 we outline the basics of TDM eICIC for macro+pico scenarios. The proposed frame-work for TDM eICIC X2 is outlined in Section 3, including the basic premises for the concept. Finally, concluding remarks are given in Section 4.   
2. Overview of TDM eICIC for Macro+Pico cases
The basic principle of TDM eICIC for macro+pico is illustrated in Fig. 1. As shown, the idea is that the macro-eNB starts to mute (i.e. using so-called almost blank sub-frames) some of its sub-frames. During the muted sub-frames, the pico node is able to schedule users that would otherwise experience too high interference from the macro layer. Muting of more subframes at the macro-eNB does therefore enable higher off-load potential by making more users able to be served by the pico nodes. However, muting sub-frames at the macro-eNB will of course also mean lower macro-cell capacity, so the muting pattern at the macro cells needs to be carefully optimized in order to achieve real gains from TDM eICIC in a macro+pico scenario. 
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Figure 1: Basic illustration of TDM eICIC scheme between macro and pico.
Given the latest agreement in RAN1 [1], there will be two types of muting patterns: Muting pattern #1 that is used to express the muting at the Macro-layer. Muting pattern #1 has a periodicity of 40 ms for FDD cases, and can be configured flexible with 40-bit word. Macro eNBs shall inform pico over X2 which muting pattern #1 they are using. Exchange of pattern #1 over X2 shall be no faster than the existing Rel-8/9 X2 RNTP signals. In addition to pattern #1, a second muting pattern (here denoted pattern #2) defines the desired measurement restrictions for a sub-set of the Rel-10 UEs. Muting pattern #2 also have periodicity of 40 ms for FDD. As discussed in several RAN WG1 contributions, for TDM eICIC to work optimally, the Rel-10 UEs will have to be informed which subframes can be asumed to be muted. The latter is used by the Rel-10 UEs so they only conduct radio link failure monitoring, radio resource management measurements, and channel state information measurements during certain subframes. Here the assumption is that muting pattern #2 is used by the Rel-10 UEs to set their measurement restrictions, and therefore is also signalled to (some) Rel-10 UEs. As the network-2-UE signalling can be relative slow (and desirable to avoid frequent signalling), muting pattern #2 shall be updated much slower that patterns #1, and is therefore sometime called the static pattern (although it can be changed as well). However, for the concept to work, pattern #2 shall be a sub-set of pattern #1. Finally, pattern #2 is assumed to be restricted to a relative small number of allowed options; mainly because that makes the network-2-UE signalling simpler, as well as reduce the number of UE test cases for the different measurement restrictions.
3. Coordination framework
As mentioned in the previous section, the primary idea of TDM eICIC for macro+pico scenarios is to allow higher offload of users from the macro-layer to the pico nodes. This essentially means it makes sense to design a concept where the one of the eNBs controls the blanking scheduling. The exact algorithm at the controlling node for deciding how many subframes to mute is proposed to be implementation specific. For making such decisions, each eNB has a variety of information available, such as:

· Load in own-cell in terms of average number of used physical resource blocks (PRBs).

· QoS parameters for all its users (i.e. knowledge of requirements for each radio bearer).

· Knowledge on whether it is capable of serving all its users according to their QoS constraints.

· Knowledge on whether requests for new users / radio bearer setups have been rejected due to too high load in the macro-cell

· Etc…

In theory, X2 does not allow for any kind of hierarchy between the two connected peers. Hence, any of the two eNBs may be the controlling one. However, in practice, it can be assumed the eNB providing broader coverage and therefore being more capacity constrained, i.e. macro eNB, is in better position to become the blanking scheduler than pico cells residing in its area. In practice, it may be OAM setting to define which cell is to control blanking. Therefore, in the remaining part of the document, we will use the term “macro cell” for the controller and “pico cell” for the cell that follows instructions.

Based on above information, the macro-cell can already estimate if it can mute some subframes, while still being able to serve all its current users. However, in order to further facilitate the decision process at each macro-cell (and use of those at the pico nodes) we propose the following procedures:
Communication from macro-cell to pico nodes:
· Each macro-cell shall send X2 signalling message to all the pico nodes inside its cell to inform which sub-frames it is muting.
· Both muting pattern #1 and muting pattern #2 shall be signalled to the pico nodes.

· So what we propose here inline with [1] and [2].
This information is needed by the pico nodes to decide in which subframes is optimally shall schedule its users. The pico-users with which experience the highest received signal strength from the macro-layer are best scheduled in the subframes where the macro-cell is muted.
Pico node load / interference reporting
· The macro-cell can benefit from information expressing the load or interference conditions at the pico nodes in its cell.

· Each pico shall monitor the downlink load and/or signal quality from its users.

· The existing load measure of average PRB utilization could be used. But, it is considered useful to further extend this measure to have separate load measures for the normal subframes and muted subframes (according to muting pattern #1). 

· In order to avoid excessive X2 signalling generated by the pico nodes, there should be a minimum time between sending such messages (it can be done in a form of periodic reporting with long minimum time period).

Having such “pico node load/interference reports” defined makes the macro-cell aware of potential load problems in pico-cells in its coverage area that potentially can be solved by muting more subframes. It is implementation specific how the macro-cell reacts on the information.

Association between Pico nodes and Macro cells:
· For macro+pico TDM eICIC, the X2 signaling mainly needs to between pico nodes and their corresponding macro cell. Here the “corresponding macro-cell” refers to the macro-cell covering the location where the pico is installed.
· In [2] it was discussed that such cell associations between pico and macro could either be configured from OAM (i.e. corresponding to a planning configuration), or could be establish in an autonomous distributed way by e.g. using network listen mode (NLM) at the pico nodes (i.e. using similar techniques as applied for HeNBs).

In the following we outline a candidate method for automatically establishing cell associations by using pico NLM:

· Each pico node shall use network listen mode (NLM), where it measures on the downlink received signals from the co-channel deployed macro-cells.

· It shall identify the co-channel deployed macro-cell corresponding to the strongest received signal strength.

· It shall also identify if the received signal strength from other co-channel deployed macro-cells are within a window of X dB, relative to the strongest. Parameter X is assumed to be a network configuration parameter coming from OAM.

· Based on the NLM measurements, the pico node shall send an X2 message to the identified macro-cell corresponding to the strongest received signal, containing the following information:

· ID of the pico cell (this would make the macro-cell aware of the presence of the pico inside the macro-cells coverage area).

· The corresponding path-loss / signal strength of the macro-cell measured at the pico.

· A list of other potential macro-cells identified within the window of X dB.

Having the above procedure standardized (e.g. as part of X2 setup or eNB information update) would provide essential information for each macro-cell, as it would then know exactly how many pico nodes are in its coverage area, as well as how “far” they are located in terms of path loss. All this is essential information for the macro-cell to estimate if more users can be off-loaded to pico nodes by muting more sub-frames.
Communication between macro-cells
· A macro cell should be able to exchange the information about muted frames with its neighbouring macro cells (both muting pattern #1 and muting pattern #2).
· Additionally, a macro-cell should be allowed to suggest another macro-cell to follow same muting patterns. 

· The receiving macro-cell decides if it can follow the suggestion and either acknowledge or reject it.

Some pico nodes may be located at the boarder between multiple macro-cells. For such cases, muting subframes from only one macro-cell may be insufficient for reducing the experienced macro-layer interference level at the pico to an acceptable level. As the macro-cell knows from the above mentioned “pico node start-up / update procedure” if a pico is exposed to other dominant macro-cells, it should be able to request those macro-cells to also mute certain sub-frames. So this is basically the motivation for the above proposed signalling messages between neighbouring macro-cells. 
With these simple definitions of new X2 signalling messages, each macro-cell have additional information to make choices on how many subframes to mute to jointly optimize the performance within each macro-cell coverage area, taking into account the pico nodes as well. 
4. Concluding Remarks
It this contribution we have presented a first considerations for possible framework that allows each macro-cell to intelligently select the best muting pattern for optimizing the system performance if using TDM eICIC for scenarios with co-channel deployment of macro and pico nodes. The framework relies on the assumption that the macro-cell controls the used muting patterns (muting pattern #1 and muting patterns #2). However, to facilitate the best possible basis for such decisions at the macro-cell, we propose to standardize a small set of new X2 signaling messages. The following is proposed:

1. A macro-cell should be able to inform the pico nodes in each coverage area which muting patterns #1 and muting pattern #2 it is using.

2. A macro-cell should be able to send request to its neighboring macro-cells, kindly asking to use certain muting patterns. In minimal form, a macro cell should be able to inform its neighbouring macro-cells about its own patterns.
3. A pico node should be able to report to its associated macro-cell it current downlink load interns of PRB utilization. However, in additional to what is supported in Rel-8/9, it is recommend to have separate load measured for normal and muted subframes according to muting pattern #1.

4. Cell associations need to be established, so it is known in which macro-cell each pico node is located. Such cell associations could be configured from OAM (planning). However, cell associations could also be build autonomously with a distributed approach by using pico node NLM for identifying the dominant macro-cell for each pico node. 
From these points, proposal 1 and 2 are expected to be agreed based on offline discussion. Proposal 4 may be realized with OAM support, so it does not necessarily require X2AP signaling. For proposal 3, a CR is proposed to be agreed [4].
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