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1 Introduction

A number of companies have proposed inter-cell interference coordination (ICIC) approaches for co-channel (non-CA based) deployment of heterogeneous networks (Hetnets). These approaches include time domain techniques [2]-[8], frequency domain techniques [12]-[14], and power control or power setting techniques [18]-[21]. While power control or power setting techniques determine the power that low power nodes transmit, time domain and frequency domain techniques involve resource partitioning that determines which parts of the time/frequency resources are used by a macro eNB (MeNB) and a home eNB (HeNB) or a femto cell (FeNB).  

Some of the most challenging interference scenarios are those involved a closed subscriber group (CSG) HeNB as shown in Figure 1 and Figure 2. In these interference scenarios, a UE that is not part of the CSG is not permitted to access the CSG HeNB even when the HeNB is its strongest cell. As a result the HeNB become a source of significant interference. Another interference scenario is one involving range expansion (RE) [24]

 REF _Ref269598095 \r \h 
[25] as illustrated in Figure 3, where the footprint of a HeNB increased by means of cell selection/cell association bias. A home UE (HUE) in the RE region of a HeNB can experience high interference from an MeNB because a high RE bias would force the HUE to remain associated with HeNB even though the MeNB is much stronger than the HeNB. In particular the HUE may fail to demodulate the downlink control information due to high interference to its control region.  

Resource partition permits cell-splitting gains achieved when low power nodes re-use the same resource over the spatial domain.  Particularly when there are a large number of low power nodes, cell splitting gain can become significant even if only a small fraction of the system resource is allocated to the low power nodes. Due to unplanned deployment of low power nodes, it is not possible to predict beforehand how often interference will occur. Therefore, in order to utilize system resources in the most efficient manner possible, resource partitioning should be performed when interference occurs. In addition, if resource partition is not carried out when there is interference, users that receive interference may likely become unsupportable. 
In this contribution we provide one resource partitioning approach based on time shifting and FDM. This approach maintains backward compatibility to Rel-8 UEs. 
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Figure 1: A downlink interference scenario due to CSG femto. 
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Figure 2: An uplink interference scenario due to CSG femto.  
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Figure 3: A downlink interference scenario related to large range expansion bias. 
2 Resource Partitioning  

2.1 Semi-static resource partitioning
Semi-static resource partitioning is triggered when an MeNB becomes aware that an HeNB is present in its coverage area. When the time/frequency resource grid is partitioned, the allocation map shown in Figure 4 can be used. This map can be achieved by MeNBs and HeNBs following this procedure:

1) During an initial setup period, an HeNB determines whether it is inside the coverage area of an MeNB. This can be done by detecting the presence of, for example, a primary synchronization signal (PSS), secondary synchronization signal (SSS) and a physical broadcast channel (PBCH) of an MeNB. If no MeNB is detected, no ICIC is needed and the HeNB may utilize any time/bandwidth resource it supports. While in operation, the HeNB may periodically attempt to detect the presence of any MeNB. 

2) If the HeNB detects the presence of an MeNB, it establishes communication with the MeNB either over the air or through a backhaul interface, and then informs the MeNB of its presence. The MeNB then informs the HeNB the maximum bandwidth that the HeNB may use.  

3) The HeNB then operates at the same carrier frequency as the MeNB while occupying a smaller bandwidth than that of the MeNB as shown in Figure 4.  This bandwidth is no larger than the maximum allowed by the MeNB in the previous step. As shown in the figure, HeNB occupies the center region of the band. 

4) As long as the HeNB remains in connection with the MeNB either over the air or via a backhaul interface, the MeNB avoids transmitting in the region of the band allocated to the HeNB. In this manner, the HeNB and the MeNB avoid interfering with each other.  
In step 2) above, the process by which an HeNB can gain initial access to the macro network can be the same as what is already available in Rel-8 for Rel-8 UEs, or in Rel-10 for Rel-10 UEs, or it can be similar to the initial setup procedure designed for Rel-10 relays.  
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Figure 4: A resource partitioning layout for Hetnet. When necessary to avoid interference, a low power node transmits in the center part of a macro cell bandwidth; the bandwidth of the HeNB is smaller than that of the MeNB. HeNB subframe timing is shifted such that the HeNB and theMeNB do not overlap in the control region. 
2.2 Dynamic resource partitioning
Dynamic resource partitioning is triggered when an MeNB becomes aware that a UE experiences interference. This triggering is UE-assisted in the sense that it uses the ability of a UE to report interfering eNBs. When the time/frequency resource grid is partitioned, the allocation map shown in Figure 4 can be used. This map can be achieved by MeNBs and HeNBs following this procedure: 
1) During an initial setup period, an HeNB determines whether it is inside the coverage area of an MeNB. This can be done, for example, by detecting the presence of a primary synchronization signal (PSS), secondary synchronization signal (SSS) and a physical broadcast channel (PBCH) of an MeNB. If no MeNB is detected, no ICIC is needed and the HeNB may utilize any time/bandwidth resource it supports. While in operation, the HeNB should periodically attempt to detect the presence of any MeNB. 

2) If the HeNB detects the presence of an MeNB, it establishes communication with the MeNB either over the air or through a fixed-line backhaul, and then informs the MeNB of its presence. 

3) The HeNB then begin operating without bandwidth restriction, but it shifts its subframe timing relative to the MeNB timing in order to avoid control-to-control collision.

4) Dynamic resource partitioning is contingent upon whether there is a macro UE or a home UE that is experiencing high interference from the HeNB or the MeNB, respectively, as depicted in Figure 1, Figure 2, and Figure 3. The occurrence of such interference scenario is detected and resource partitioning is carried out as follows. For scenarios similar to those illustrated in Figure 1 and Figure 2, the following procedure is executed:

a) An MUE detects and stores the cell-IDs of surrounding HeNBs based on their BCHs. 

b) The MUE [image: image6.png]


identifies HeNBs that cause high interferences by using measurements such as reference signal received power (RSRP) measurements. 

c) The MUE reports to its serving MeNB the cell-IDs of the HeNBs that cause high interferences. 

d) The MeNB then sends a resource partitioning command to the reported HeNBs via air interface or a backhaul interface. 

e) Upon receiving the resource partitioning command, the HeNBs constrains their bandwidth to the center region of the MeNB bandwidth as shown in Figure 4.  
f) The MeNB avoids interfering with HeNBs by scheduling its UEs outside of the region of the band allocated to HeNBs. 

For interference scenarios like that illustrated and Figure 3, dynamic resource partitioning is triggered and carried out as follows.

g) An HUE detects and stores the cell-IDs of surrounding MeNBs based on their BCHs. 

h) The HUE [image: image7.png]


identifies the MeNB that causes the most interference by using measurements such as the RSRP measurements. 
i)      The HUE reports to its serving HeNB the cell-ID of the dominant interfering MeNB. 

j)      The HeNB sends a resource partitioning request to the reported MeNB via air interface or a backhaul interface.
k) Upon receiving the resource partitioning request, the MeNB sends a resource partitioning command to the HeNBs via air interface or a backhaul interface. 

l)     The HeNB then constrains its bandwidth to the center region of the MeNB bandwidth as shown in Figure 4. In addition, the MeNB avoids interfering with HeNB by scheduling its UEs outside of the region of the band allocated to HeNBs. 
In the above procedure, a UE does not necessarily know whether an interfering eNB is an MeNB or an HeNB; the eNB to which a UE makes send an interference report is its serving eNB.  

The resource partitioning command above may contain a time stamp that indicates when the resource partitioning period expires. In this manner, the bandwidth constraints on HeNBs and MeNBs are lifted at the end of the resource partitioning period. This allows both HeNBs and MeNBs to use all the available bandwidth resource when interference no longer exists. If interference recurs after a resource partitioning period expires, the above procedure (or a portion of the above procedure) is executed again and a new resource partitioning period is established. 

A benefit of the resource partition map illustrated in Figure 4 is that it maintains backward compatibility with Rel-8 UEs. In addition, the partition can be realized with little or no specification impact; in particular, the ability of a Rel-8/9/10 scheduler to schedule a UE in any part of the bandwidth already exists. As a result, any MeNB can avoid scheduling a UE in the region of the band allocated to the HeNB.
3 Conclusion 

This contribution discusses semi-static and dynamic resource partitioning approaches for co-channel deployment of Hetnets. Semi-static resource partitioning is preferable in lightly populated areas as it allows low power nodes to use all time/frequency resource while not relying on a UE’s ability to make interference report. On the other hand, dynamic resource partitioning is desirable in highly populated areas where efficient use of resource requires partitioning only under existence of interference. In both cases, when resource partitioning is triggered, low power nodes transmit in the center region of the macro eNB bandwidth and shift their subframe timing relative to the macro eNB subframe timing to avoid collision in the control region. The partition approach grants macro eNBs total control over the amount of resource to give away to low power nodes.    
Proposal: Under resource partitioning for co-channel deployment, low power nodes should transmit in the center region of macro eNB bandwidth using the same carrier frequency.
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