
IEEE C80216ppc-11/0004

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Proposed Revision on Single Radio Access Technology (RAT) Related Sections in Hierarchical Networks Study Report, Section 2.1

	Date Submitted
	2011-03-03

	Source(s)
	Ying Li, Hyunjeong Kang, 

Anshuman Nigam 
Samsung Electronics
Peretz Feder

Alcatel Lucent

Jinyoung Chun, Inuk Jung, 

Jin Sam Kwak
LG Electronics

	
    
yli2@sta.samsung,com
peretz.feder@ALCATEL-LUCENT.COM
jiny.chun@lge.com

	Re:
	

	Abstract
	 It proposes revision on single radio access technology (RAT) related sections in Hierarchical Networks Study Report.

	Purpose
	For discussion

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


study report on hierarchical networks 

1 Introduction 

2 Usage Models  

2.1 Single Radio Access Technology 

2.1.1 Multi-tier Networks
2.1.1.1 Multi-Tier Deployment Scenarios

As indicated, small base stations may be used in a hierarchical network deployment. The type and location of these base stations will play a significant role in determining the cost and performance of multi-tier deployments. For example, indoor femto cell deployments can utilize the existing back-haul thereby significantly lowering the cost of such deployments. With outdoor pico-cellular deployments, the operator will need to provide back-haul capability and manage more critical spectrum reuse challenges. Other deployment models cover indoor enterprise or outdoor campus deployments that may impose different manageability and reliability requirements. Multi-tier deployments across this range of scenarios are not fully addressed by the IEEE 802.16m standard.
2.1.1.1.1 Self & Operator Managed Deployments 

Smaller base-stations like femtos are typically user-deployed and managed. With increasing density of cells, self organization of network will be critical to reduce operational expenses as well as improve the response time to fix network problems.   However, the operators are looking for a network solution that finds the optimum middle ground between low-cost, consumer-managed and deployed private femto-cells versus operator owned and managed public pico base stations. Hence, low-cost but improved manageability of hierarchical deployments will be a key consideration. 
2.1.1.1.2 Access Rules in Multi-Tier Deployments 

As mentioned, hierarchical networks may be deployed by using a variety of lower tier network elements in different locations. The deployment scenario will determine whether access to the lower tier network is available to all users in the network. For instance user-deployed, in-home femto base stations may only allow access to users who are part of the household. Such access rules are captured for femto-cellular deployments, as part of 802.16m. The terms Closed Subscriber Groups (CSG) and Open Subscriber Groups (OSG) are used to refer to private and public femto base stations respectively. However, the performance aspects of the different access rules are not well-evaluated. 

2.1.1.2 Spectrum Usage across Tiers

As mentioned, spectrum allocation across multiple tiers is an important aspect of deployment and use of hierarchical architectures.  
According to the spectrum used, multi-tier cell deployments are possible for the following cases
a) Single carrier case: 

The multi-tier cells are deployed on a single carrier. This can also be called co-channel deployment. 
b) Multiple carriers case: 
The multi-tier cells are deployed on multiple carriers. When multiple carriers are available, choices can be made to enable flexible cell deployment. For example, the macrocell and small cell can be deployed on distinct carriers, or on the same set of carriers while having joint carrier and power assignment/selection for macrocell and small cell in order to better manage inter-cell interference. 

IEEE 802.16m supports both types of deployments, but more efficient spectrum usage across tiers using time/frequency/spatial domain is required.
Single Carrier Case

Due to the overlaying architecture, when macrocell and the overlaid small cells, such as pico and femto, are deployed on the same channel, interference management across tiers becomes an important design aspect that must be addressed,
There are many scenarios that lead to interferences. One particular scenario is of small cells (such as femto supporting CSG) which are overlaid by a macrocell. In this case the device connected to a macrocell may fall under a coverage hole caused by a nearby strong interfering small cell if the device is not a subscriber of the small cell. The device connected to the macrocell may not even detect the control channel of the macrocell due to a strong interference from the small cell, while the device cannot handover to the small cell since it is not its subscriber (i.e., not part of the CSG). Another scenario can be of small cells (such as picos) interfered by the overlaying macrocell, while the device connected to the pico cell is impacted by such interference, hence the pico offloading traffic capability is weakened. Current IEEE 802.16m has limited solutions for the co-channel small cells overlaid by a macrocell, especially for the control channel design (for example, the synchronization channel and superframe header collide in the time domain for small cells and overlaying macrocell, which may cause an outage to devices connected to a macrocell impacted by interference from the small cell).
Advanced interference management solutions for both control channel and data channel are needed to enable such deployment. Some of the control channels of IEEE 802.16m may need to be re-designed to support this deployment. Enhanced schemes to improve the data channel coverage and throughput need to be investigated.  
The deployment can use smart resource (power, time, frequency, space, etc.) allocation. For example, the combination of the efficient resource allocation across tiers and fractional frequency reuse (FFR) can enhance the cell capacity. Appendix A compares the performance of a femto cellular network deployment with that of a macro-only network and illustrates the issues and additional performance possible through single frequency deployments.  As can be seen, single frequency deployments when coupled with smart interference management schemes are effective in providing improved data rates for indoor users, while retaining macro-cellular throughput performance.  Further investigation related to efficient resource allocation is needed to support a co-channel deployment.
The deployment can use coordinated multi-cell transmission technologies, such as multi-cell joint scheduling, coordinated beamforming, single-cell precoding with multi-cell coordination. With coordinated multi-cell transmission technologies applied on multiple cells across tiers, resource (power, time, frequency, space, etc.) allocation can be made more effectively. IEEE 802.16m has provided support for multi-cell related technologies, so as to have better system performance such as increasing the cell-edge throughput. However, the main focus there is addressing macrocells, while multi-tier networks are not in focus. With multi-tier deployment, multi-cell technologies need to be revisited, so that the design can be taking into account the multi-tier networks with large cells overlaying small cells, especially addressing resource allocation for interference and mobility management.
Multiple Carriers Case

Large cells, such as macrocells, and small cells, such as femto or pico cells, can be deployed over the distinct set of carriers to avoid inter-tier interference. Large cells and small cells can also be deployed over the same set of carriers or having carriers overlapped, where resource (carrier, power, time, space, etc.) allocation can be made, to avoid or mitigate the inter-tier interference. With good design of resource allocation, the coverage hole problem caused by the small cell to the non-member mobile station can be solved. For cells of the same tier, resource (carrier, power, time, space, etc.) allocation can also be made in order to better manage intra-tier interference. 
One particular scenario is a deployment of multi-carrier cells. For example, a Carrier Aggregation (CA) method can be used, where the carriers can be aggregated to cover a larger band, and by doing so the system can have more resources and more flexibility to properly allocate the resources. IEEE 802.16m has provided support for multi-carrier cells, however, the main focus there is addressing macrocells while multi-tier networks is not in focus. With multi-tier deployment, multi-carrier technologies need to be revisited, so that the design can be taking into account the multi-tier networks with large cells overlaying small cells, especially addressing resource allocation for interference and mobility management. For example, to support co-existing picocells and femtocells, there is a need to further study the advanced design of multi-carrier systems in combination with SON algorithms,




	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



In distinct frequency/carrier multi-tier deployments, the carrier management schemes among tiers may be applied. For example, base stations of multi-tiers may use respectively different carriers among multi-carriers based on the measurement of interference from other base stations. Or the different region of time/frequency resource in multi-carriers is allocated to DL/UL control channels of each base station for robust transmission of control channels, respectively.

As mentioned in both single carrier and multi-carrier cases, advanced interference mitigation scheme needs to achieve cell throughput enhancement. For example, the interference by the signal of CSG femto is critical to devices in macro cell. The efficient spectrum reuse is considered to avoid the interference among tiers. And the interference cancellation/ mitigation techniques of transmitter/receiver such as enhanced MIMO scheme (PMI coordination, etc) or the signaling/ feedback methods between base station of infrastructure tiers and/or devices can be considered. The techniques and methods are not fully addressed by the IEEE 802.16m standard.
2.1.1.3 

Appendix A: An example of Smart Resource Allocation in Multi-tier Networks
Currently, multi-tier deployments are possible for both 

a) Single frequency/carrier across tiers

b) Multiple frequencies/carriers across tiers

IEEE 802.16m supports both types of deployments, but more efficient spectrum usage across tiers using time/frequency/spatial domain is required. For example, in single frequency/carrier multi-tier deployments, the combination of the efficient resource allocation across tiers and fractional frequency reuse (FFR) makes the cell capacity enhanced.  REF _Ref266439154 \h 
 Comparing performance of a femto cellular network deployment with that of a macro-only network illustrates the issues and shows how additional performance is possible through single frequency deployments.  As can be seen single frequency deployments when coupled with smart interference management schemes are effective in providing improved data rates for indoor users, while retaining macro-cellular throughput performance.  The provided results use intelligent resource management and combine fractional frequency reuse (FFR) in macro cells with femto free zoning (FFZ) to reduce network interference. Further investigation of these ideas is warranted for both control and data channels.
	Transmission Scheme
	Outdoor Outage (%)
	Indoor Outage (%)
	50% Outdoor rate (Mbps)
	50% Indoor rate (Mbps)

	FFR + NO Femto AP on 10 MHz
	3.0
	17.0
	0.07
	0.03

	FFR Macro on 5 MHz, Femto on different 5 MHz
	3.0
	0.2
	0.06
	10.7

	FFR + FFZ + 0dBm Femto AP power on 10 MHz
	3.0
	0.5
	0.06
	11.3


Table 2: Performance improvements for indoor and out-door users with overlay femto-cell networks, utilizing intelligent interference management schemes.  FAP refers to femto access points [3]. See Appendix B for the methodology used for the simulation.
Appendix B: Multitier Evaluation Methodology
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