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1 Introduction

In RAN1-58bis, the deployment scenarios, performance analysis, simulation modeling, and technical aspects of heterogeneous networks were discussed.  The technical aspects of heterogeneous networks have been addressed in [2], [3], [4], [5], [6], and [7].  The discussion of technical aspects for heterogeneous networks focuses on the interference management, such as beamforming, frequency reuse, and carrier selection.  Other aspects, such as cell ID collision, resource allocation, cell selection and load balancing were also identified as areas for investigation.  This paper analyzes further the system design aspects for RAN1 study of heterogeneous networks.      
2  Coordination 

Coordination among macro and local cells is important to avoid cross-interference when the macro cells and local cells are deployed separately for coverage extension or overlaid for performance enhancement or service extension.  The coordination between macro and micro cells could be achieved autonomously or through the X2 interface.  Autonomous coordination allows the local cells to measure the interference before selecting suitable radio resources for scheduling the service.  The required work for coordination in the heterogeneous network in RAN1 would be the measurement requirements and the design associated with the measurement.   
2.1 Control Channel Hearability 
The DL control channel hearability is one critical issue in heterogeneous network deployment when the macro cells interfere with the local cells.  The DL control channel is located in the first 3 symbols of the subframe.  The principle of interference mitigation for improving control channel hearability is coordinated muting or softening.  If the local cell is close to the macro cell in overlay deployment, coordinated muting or softening is to shut down or reduce the transmission power of the PDCCH at the macro cell to allow the local cell UE to decode the PDCCH from the local cell correctly.  The coordinated muting or softening could be realized by interlacing the control channel symbols between the macro and local cells, or interference coordination.  The interference coordination could be accomplished through fractional frequency reuse, coordinated component carrier selection, or almost blank subframes.  
2.2 Interference management for data traffic
Interference for data traffic should be managed together with DL control channel interference coordination.  The interference management scheme for data traffic also depends on the deployment scenario in the heterogeneous network.  The data traffic in the macro and pico/hot spot deployment could be easily coordinated through coordinated scheduling, coordinated beamforming, or joining processing to mitigate the interference.  The interference management for home eNB deployment would rely on frequency reuse or component carrier selection due to the fact that the macro eNB cannot engage with and control a home eNB in the same way as a pico / hotspot cell.  
3 Measurement for Cell Selections and Handover
Cell selection in heterogeneous networks is quite different to that of homogeneous networks.  The cell selection criterion is based on the UE received signal power or quality.  The received signal power or quality would work when the coverage area is slightly overlapped or disjoint.  It would not work properly when the local cell and macro cell are overlaid.  The cell selection criteria and the CRS pollution for heterogeneous network deployment were discussed in [2].  Since the local cells are overlaid on the macro cell, the UE will measure PSS/SSS and CRS with high interference from the overlaid cells.  The measurement events based on CRS power/quality and procedures for cell selection and handover in Rel-8 would need to be enhanced in the heterogeneous network.  The possible enhancements in measurement events and procedures to support cell selection and handover for heterogeneous network are:
· Assistance information related to the interference source for measurement events – The serving cell provides the CRS information for the interfered cells in the overlaid deployment scenario.  The UE would estimate the interference and take it into account in the measurement event for cell selection and handover.

· Measurements for heterogeneous networks – The current UE measurements RSRP and RSRQ are wideband measurements. In order to support some interference management schemes for data traffic and improving hearability of DL control channel, new measurements, such as narrow band measurement for FFR, might be needed.  The detail of such measurements should be discussed in the work item phase.
· Procedures for heterogeneous networks – In order to support measurement and interference management, such as coordinated muting or softening, the DL transmitted power of the data, control channel, and RS, at the macro cell or local cells might be power controlled.  The procedure of transmission power control could be defined for autonomous interference management for heterogeneous networks.  
4 Load Balancing or Preferred Network 
In the heterogeneous network deployment, such as hotspot or Home eNB, the network might relocate the UE served from macro cell to a local cell, or from a local cell to a macro cell.  The change of serving cell could be for load balancing or preferred network reasons.  

For the scenario of home eNB overlaid with the macro eNB, the home eNB UE might like to switch over to home eNB once it is within home eNB coverage area.  The home eNB UE could also select one home eNB from multiple home eNBs in the same coverage area.  Thus, the UE will trigger handover based on the user preferred network instead of received signal strength/quality of DL CRS.  
The network might force the UE to switch the serving cell to a hotspot cell when it is within the coverage area of a hotspot cell. The network might relocate the UE serving cell from a hotspot cell to a macro cell when the hotpot cell is overloaded.  For load balancing purposes, the network would prefer to relocate the selected UEs at the cell edge of the hotspot cell to the macro cell. The selection of the UE for serving cell relocation could be based on the UE measurement report or hotspot eNB measurement using enhanced SRS.  Both the UE measurement report and enhanced SRS are based on coordinated RS design principle for CoMP or MU-MIMO.  The RS used for serving cell relocation for load balancing should tie up with the RS design for CoMP.  
5 Summary
This paper discusses technical issues of heterogeneous network deployment.   The paper focuses on RAN1 work.  The technical aspects of supporting heterogeneous network deployment in RAN1 are as follows,
· Scheme and measurements to support macro and local cell coordination 

· Coordinated muting or softening to improve PDCCH hearability

· Collective interference coordination with PDCCH hearability improvement for data traffic interference management. 

· Cell selection and handover for heterogeneous network with enhanced measurement, procedures, and assistant interference information.

· Enhanced measurement and RS design for load balancing and preferred network selection

In summary, most of the technical aspects, such as coordination, measurement, RS design, interference management, for heterogeneous network are closely related to those in CoMP.  The technical issues of heterogeneous network should be included in the CoMP discussion in RAN1. 
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