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1
Introduction
This paper discusses the scenario of intra-LTE co-channel deployments of small cells under wide-coverage cells. It is observed that for MBSFN and eICIC operation such deployments require particular attention regarding frame-boundary alignment of the small cell due to the high over-the-air delays in the macro cell. It is proposed to further study this aspect in the Rel-12 study item for next generation SON, which includes the identification of "gaps between existing SON and further enhancements needed specifically for Small Cells". A text proposal for TR 37.822 is included in the annex to the present paper.
2
Discussion
Allocation of LTE carriers in the 700-800 MHz band has made possible the deployment of wide-coverage LTE macro cells. Such macro cells may have a particular need for capacity boosting in specific areas, and the operator may prefer to use co-channel deployment of the small cells due to spectrum constraints. Another reason for co-channel deployment would be to avoid inter-frequency mobility and hence avoid the need for configuring inter-frequency UE measurements.

Such HetNet deployments face particular challenges when tight synchronisation of the DL signals from the macro cell and the small cell is needed. The challenge comes from the air propagation delay which will create a time misalignment between radio signals from the macro cell and the small cell. In FDD operation, tight time alignment is particularly needed for MBSFN operation, where Inter-Symbol Interference free operation requires the DL signals from the macro cell and the small cell to arrive at the UE within the duration of the Cyclic Prefix (CP). Also interference mitigation based on eICIC is based on similar time alignment.

Due to flexibility provided by the cyclic prefix on the LTE air interface, a small cell deployed under a "normal" macro cell (ISD in the macro network < 1500) can directly use absolute time provided by GPS or ethernet synchronisation methods for timing of its radio frames.  However above a given macro cell size, a possible solution to handle the time misalignment is to apply a delay on the radio frames transmitted by the small cell. 

It is particularly important to apply a DL delay when deploying small cells under large coverage cells where the air propagation delay exceeds the extended CP length of ~15 μs. This corresponds to a cell radius of ~4500 m in case of line-of-sight propagation. If the radio signal trajectory is subject to reflections the cell radius for which a DL delay is needed can even be smaller. Furthermore a DL delay may open for use of normal CP length (4.69 μs) in more scenarios, and in this way improve the cell capacity. 
Current X2 functionality doesn't have support for self-configuration of DL delay. Calculated values based on the position of the small cell and line-of-sight propagation will in many cases significantly differ from measurement of the real radio propagation delays. So today such delay would need to be manually measured and configured by the operator, which is a significant effort. 

It is therefore proposed to further study benefits and solutions in support of this scenario. A possible solution could be to enhance the information exchanged over X2 with over-the-air delay information from macro UEs that detect and report the small cell.  
Proposal: RAN3 is kindly asked to further study benefits and solution to enhance the information exchanged over X2 to better support the scenario of small cells deployed under large coverage cells.
3
Conclusion
We have discussed a possible hetnet deployment scenario requiring the small cell to apply a delay to its DL radio frame boundaries, and suggest that RAN3 look further into solutions for automated support of this scenario.
Proposal: RAN3 is kindly asked to further study benefits and solution to enhance the information exchanged over X2 to better support the scenario of small cells deployed under large coverage cells.
A text proposal for TR 37.822 is included in the annex to the present paper.
Annex


Text proposal for TR 37.822

4.3
SON for pre-Rel.12 small cells

4.3.x
 Small LTE cells deployed under large coverage cells
Problem description:
Allocation of LTE carriers in the 700-800 MHz band has made possible the deployment of wide-coverage LTE macro cells. Such macro cells may have a particular need for capacity boosting in specific areas, and the operator may prefer to use co-channel deployment of the small cells due to spectrum constraints. Another reason for co-channel deployment would be to avoid inter-frequency mobility and hence avoid the need for configuring inter-frequency UE measurements.

Such HetNet deployments face particular challenges when tight synchronisation of the DL signals from the macro cell and the small cell is needed. The challenge comes from the air propagation delay which will create a time misalignment between radio signals from the macro cell and the small cell. In FDD operation, tight time alignment is particularly needed for MBSFN operation, where Inter-Symbol Interference free operation requires the DL signals from the macro cell and the small cell to arrive at the UE within the duration of the Cyclic Prefix (CP). Also interference mitigation based on eICIC is based on similar time alignment.
Due to flexibility provided by the cyclic prefix on the LTE air interface, a small cell deployed under a "normal" macro cell (ISD in the macro network < 1500) can directly use absolute time provided by GPS or ethernet synchronisation methods for timing of its radio frames.  However above a given macro cell size, a possible solution to handle the time misalignment is to apply a delay on the radio frames transmitted by the small cell. 
It is particularly important to apply a DL delay when deploying small cells under large coverage cells where the air propagation delay exceeds the extended CP length of ~15 μs. This corresponds to a cell radius of ~4500 m in case of line-of-sight propagation. If the radio signal trajectory is subject to reflections the cell radius for which a DL delay is needed can even be smaller. Furthermore a DL delay may open for use of normal CP length (4.69 μs) in more scenarios, and in this way improve the cell capacity. 
Current X2 functionality doesn't have support for self-configuration of DL delay. Calculated values based on the position of the small cell and line-of-sight propagation will in many cases significantly differ from measurement of the real radio propagation delays. So today such delay would need to be manually measured and configured by the operator, which is a significant effort. 

Solutions:

A possible solution could be to enhance the information exchanged over X2 with over-the-air delay information from UEs served by the macro cell that detect and report the small cell.
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