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1 Introduction

The deployment scenarios and the characteristics of local eNBs in the heterogeneous network are discussed in [1].  The scope and objective of heterogeneous network are clear. The detailed issues of heterogeneous network system design need further discussion.  This paper discusses some general issues of heterogeneous network in system design and deployment for performance optimization.      
2  Cell Identification and Setup
One of the vital issues in heterogeneous network deployment is cell identification.  The cell identification includes the physical cell ID or global cell ID.  Since the heterogeneous network intends to deploy multiple small eNBs along with the macro eNB, the cell identification process could be designed to be same for all eNBs or distinct between macro eNBs and small eNBs.  The cell identification would help to differentiate the initial access or cell selection to the macro eNB or small eNB when the micro/pico eNBs or home eNBs overlay the coverage area of the macro eNB.  The collision of the physical cell ID means that multiple cell IDs are within the detectable range of a UE.  The UE could not differentiate different eNBs for access and cell selection when the physical layer cell ID collision occurs.  

The physical layer cell ID contains 504 distinct identities grouped into 168 unique groups with each group containing 3 unique identities.   The physical layer cell ID could be used to indicate different cell sizes in the heterogeneous network.  Additional new cell IDs could be used for cell identification as well to distinguish between macro eNB and small micro/pico eNB, home eNB, or relay.  
2.1 Planned cell setup and ID assignment

The physical layer cell ID assignment is in the cellular planning of the initial system deployment in some heterogeneous network deployment scenarios, which include micro/pico eNBs or non-mobile type 1 relay nodes along with macro eNBs.   The cell planning includes the allocation and the RF coverage of each cell and the assignment of the cell ID.  The coverage area planning considers the received signal strength and the interference from the neighboring cells to ensure the service quality to the UE.  The planning of the cell ID assignment is to minimize the collision of same cell ID in the detectable area.  The cell ID collision includes the collision between the macro eNB and the local eNB and between the local eNBs. 
2.2 Autonomous cell setup 
Some heterogeneous network deployment scenarios, such as home eNB and mobile type 1 relay nodes, cannot be well planned due to the uncertainties discussed in [1] or mobility of the local eNB.  
For home eNB deployment scenarios, some aspects of the cell planning can only be estimated because of the verious uncertainties involved.   The physical layer cell ID of home eNB could be carefully planned in advance to minimize the collision.  The coverage area of the home eNB is unknown to the operator’s macro eNB.   
The cell planning obviously could not be performed in advance for the mobile relay.  The physical layer cell ID collision is hard to avoid once the moving relay node crosses multiple macro eNBs, in particular in high speed train scenarios.   Thus, it is natural to have the autonomous physical cell ID assignment in these types of heterogeneous networks.  
2.2.1 Physical Layer Cell ID collision issues 

The physical layer cell ID collision happens when eNBs with the same cell ID exist within the detection range of the UE.  When the physical cell ID collision happens, the UE would receive the super positioned PSS/SSS signals of synchronization channels from multiple eNBs.  The UE would decode the super positioned PSS/SSS from multiple eNBs as if they were a multipath channel from a single eNB.  The UE will further listen to the PBCH to decode the required system information for the cell.  The UE has a high probability of failing the PBCH decoding and being unable to gain further access to the system.  
The physical layer cell ID collision could happen when the physical cell ID is selected autonomously by the home eNB in the initial cell setup. The collision could happen between the macro eNB and home eNB or between the home eNBs.  In the case of moving nodes, such as mobile relay nodes, collisions can occur with the existing macro cell ID when the mobile relay node passes by.  This will mostly affect the performance of the UEs in the macro eNB cell when attempting to perform the initial access when the mobile relay node passed by.  
2.2.2 Possible Solutions of Physical Cell ID Collision for Further Study
Possible solutions to avoid physical cell ID collision are as follows,

· Listen-and-select – The home eNB could have the UE cell search capability to detect the cell ID in the neighborhood.  Once the given numbers of physical layer cell ID are detected, the home eNB would select the physical layer cell ID from the remainder of the pool randomly or systematically.  
· Coordination through macro eNB – The home eNB could send the request to the macro eNB through X2 or MME through S1 for physical layer cell ID assignment. The macro eNB or MME could assign the physical layer cell ID based on the knowledge of the existing physical cell ID in the neighborhood.  
· SFN offset – The synchronization channel is located at the subframe 0 and 5 of each radio frame.  Physical layer cell ID collision only occurs when the UE receives multiple PSS/SSS with the same physical layer cell ID in the same time.  The home eNB could set an additional subframe offset for the synchronization channel after the eNB set the physical layer cell ID to randomize the Tx time and minimize the collision of physical layer cell ID.  
· Subnet masking – An additional masking across frames could be set on top of the PSS/SSS to give an additional dimension to the cell ID to reduce the possibility of collision.  
3 Resource Allocation and Coordination
The target of the resource allocation and coordination in the heterogeneous network is to maximize the distance between co-channels in order to minimize the co-channel interface.  Since the heterogeneous network is characterized by the coexistence or overlay of macro eNB and local eNB, the radio resource allocation between the macro eNB and micro/pico, relay or home eNB needs to be coordinated to mitigate the co-channel interference.  This is extremely important when micro/pico eNB, relay nodes, and home eNBs overlay with macro eNB.  
The coordination of the radio resource in the heterogeneous network could be realized by allocating different resources between neighboring eNBs in different time, frequency or power to mitigate the co-channel interference.  The strategy of coordinating radio resource allocation strongly depends on the controllability of the macro eNBs to the local eNBs.  In the scenario of micro/pico eNBs overlaying with macro eNB, the radio resource could be allocated jointly or in coordination to minimize the co-channel interference.  For the home eNB and mobile relay deployment, it is a challenge for resource coordination since the location and coverage areas of home eNB and mobile relay are uncertain.  Thus, distributed resource allocation with randomization or static/semi-static coordination is desired to minimize the co-channel interference.  
The resource allocation strategies for home eNB for multiple carrier aggregation have been shown in [2] and [3].  The resource allocation strategies could be categorized into autonomous and planned carrier selection in multiple carrier aggregation cases with detailed discussion in the following 
· Autonomous resource allocation and carrier aggregation – The autonomous carrier selection is for the home eNB to select the carriers autonomously.  The autonomous carrier selection could be done arbitrarily by the home eNB or in a sophisticated manner through a selection algorithm by the home eNB as discussed in [2] and [3].  The performance benefit with a sophisticated algorithm has been shown in [3].
· Planned resource allocation and carrier aggregation – The planned resource allocation for multiple carriers includes static carrier selection and random carrier selection for home eNBs. Static carrier selection is planned and assigned by the operator, which is similar to fractional frequency reuse.  The random carrier selection involves the home eNB selecting the carriers in a random pattern from available carriers provided by the operator.  The random pattern could be provided by the operator to minimize possible co-channel interference or generated (pseudo-)randomly from the home eNB itself.  
4 Interference management
Interference management in an LTE-A OFDMA system involves minimizing the co-channel interference.  With the a frequency reuse factor of 1, the co-channel interference is the inter-cell interference from neighboring cells.   In the heterogeneous network, the co-channel interference would be the interference between macro eNB and local eNB, between local eNBs or between UEs as shown in Figure 1.  Co-channel interference management is particularly critical when the micro/pico cell, home eNB, or relay node coverage overlay a macro cell.  If the scenario is with the micro/pico cell or relay node overlaid with a macro eNB or home eNB deployment, the co-channel interference arises within the same coverage area.  The co-channel interference of the mobile relay nodes is a time-variant co-channel interference, which requires special interference mitigation techniques.  
[image: image2.emf][image: image3.emf]
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Figure 1: Interference between local and macro cells
4.1 Interference management for disjoint coverage area between macro eNBs and local eNBs

The interference management for the coverage extension case, when the local eNB and macro eNB have their own coverage areas, is similar to the interference management of cell edge users in the homogeneous network.  The interference mitigation schemes, such as power control, frequency hopping, interference avoidance, ICIC, beamforming and CoMP could be reused in the micro/pico cells or type 1 relay as the coverage extension to the macro eNB.  
Type 1 relay is characterized by TDM Tx/Rx to avoid expensive antenna isolation.  The interference mitigation for type 1 relay could use the TDM Tx/Rx properties in coordination among relay nodes in the neighboring cells as well as the coordination between the relay node and donor eNB.   
4.2 Interference management for local eNBs overlaid with macro eNBs

The interference management for micro/pico eNBs, home eNBs, and type 1 relay nodes overlaid with macro eNB is to jointly expand the co-channel distance and to reduce the co-channel interference.  In the local and macro eNB system, the increase of the co-channel distance could be achieved through coordinating resource allocation between the macro and local eNB.  The decrease of the co-channel interference could be accomplished through coordinated scheduling, beamforming, joint transmission/ reception, joint coding, or interference cancellation.  
One of the challenges in interference management is highly polluted CRS and DL control channels in the local and macro eNB overlaid network deployment.  The DL control channels, such as PCFICH, PHICH, PDCCH, and PBCH, would have strong intra-cell co-channel interference.  The UE would have difficulty to decode the information of DL control channels correctly without an additional mechanism for interference management for the DL control channels.  The CRS are in a fixed location and continuous transmission.   The CRS are used to measure the DL channel quality for CQI/PMI feedback, cell selection, handover, and interference coordination, If the CRS are polluted constantly, the channel quality measurement would not provide sufficient information for CQI/PMI feedback, handover, and interference mitigation.  Thus, additional reference symbols, such as CSI RS, could be used for channel quality estimation to trigger the handover and interference mitigation scheme.  

The interference management scheme could be categorized into several categories; they are static, semi-static, autonomous, and dynamic.  

· Static interference management – The static interference management in the local and macro eNBs overlay system could be done through a predetermined subset of radio resources.  The predetermined subset of radio resources includes fractional frequency reuse, static RB partitioning, and static component carrier assignment, or predetermined TDM Tx/Rx pattern.  The static interference management scheme could only be used in the substantially controllable local eNBs, such as micro/pico eNBs, and type 1 relay nodes through OA&M.    
· Semi-static interference management – The static interference management schemes could be configured as semi-static through higher layer signaling to adapt the slow variation of radio channel environment.
· Autonomous interference management – The autonomous interference management is to allow the local eNB, such as home eNB and mobile relay nodes, to select the radio resource (RB, or component carrier), the transmit power and the transmission time.  The home eNB could scan the surrounding interference of each resource block and determine the resource allocation and autonomously perform interference management.   The mobile relay node could behave as a UE using the scheduling request to allocate the radio resource for the backhauling.  The same resource could be used for the UE under the mobile relay coverage.  
· Dynamic interference management – The dynamic interference management is to coordinate the scheduling and Tx/Rx between macro and local eNBs to minimize the intra-cell co-channel interference.  The ultimate solution for dynamic interference management is CoMP.  However, the dynamic interference management requires constant communication between the macro and local eNBs.  It is applicable to micro/pico cell overlay with macro cell and static relay only.  
5 Summary
In this contribution, we discuss some important technology issues of heterogeneous network. The cell identification and cell ID collision issues in the heterogeneous network are discussed.  The principle of resource allocation and coordination among macro and local eNBs is outlined.  We also address the co-channel interference issues in heterogeneous network.  Different interference management schemes for heterogeneous network are summarized.  
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