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The Text Proposal on Single RAT in HN Study Report

Jinyoung Chun, Inuk Jung, Kiseon Ryu, Youngsoo Yuk, Jin Sam Kwak, Bin-Chul Ihm
LG Electronics
Introduction

In the last meeting, the study report about the heterogeneous network was made, but there is a little description about multi-tier in single RAT. Therefore I suggest clarifying and adding the text and the figure about single RAT in HN study report. The main changes are as below.
· Clarify the name in part of single RAT. Changes ‘infrastructure tiers’ to ‘multi-tier networks’ and clarify ‘access point’ and ‘base station (BS)’ and ‘APs’ to ‘base station (BS)’ which is a generic name of macro base station, micro base station, pico base station, femto base station, relay base station, etc.
· Modify Figure 2 to an example of deployment including all base stations in single RAT.
· Move the text about key advantages of a single RAT multi-tier to the section 4 (Key Features and Requirement).
· Clarify the text in section 2.1.1.2 (Spectrum Usage across Tiers) to support the advanced schemes in not only single frequency/carrier across tiers but also distinct frequencies/carriers across tiers.
· Add the text about interference mitigation because it is an important factor to enhance capacity as well as spectrum usages among tiers in single RAT.
Text proposal
Proposed text has been underlined in blue and deleted text has been struck through in red. Existing text is shown in black.
------------------------------------------------   Text Start  -----------------------------------------------------------
2 Usage Models  

2.1 Single Radio Access Technology 

2.1.1 Infrastructure Tiers Multi-tier Networks
Multi-tier networks refer to a hierarchical or overlay deployments of cells which may have increasingly base stations of smaller sizes: macro cells base station, micro base station, pico base station, and more recently femto base station, and relay base station (Figure 2). A relay may also be part of this hierarchy to extend the range of the network.  Typical deployment would consist of the tiers operating on the same radio access technology (RAT).  Note that femto overlay networksFemto and relay are included as a part of the IEEE 802.16m specification [‎2]. Spectrum allocation and interference mitigation across the multiple tiers is are an important aspects of multi-tier network design. Aggressive reuse of spectrum and advanced interference mitigation schemes across the tiers is are critical to achieving the capacity enhancements promised by multi-tier network architectures and it is not fully enabled in IEEE 802.16m. In particular, multi-tier deployments affect the areal capacity (bps/Hz/square meters) of the system due to the deployment of significantly more cells in a given area. The highest tier macro cells are still needed to provide broader coverage and seamless mobility.
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Figure 2: An example of Single RAT Hierarchical (Multi-tier) Architecture Framework
[Editors note: 
1. Please clarify role of the relay in the figure
2. This picture is not intended to imply a strict hierarchical deployment and that all tiers are always present.

]

The key advantages of a single RAT multi-tier deployment may be summarized as follows: 

· Gains in areal capacity:  Preliminary performance evaluation of multi-tier femto cell deployments with full spectrum reuse, indicate that the areal capacity increases linearly w/ increasing number of femto cells [‎4]
· Favorable cost structure: significant cost benefits are available for smaller lower-cost base-stations, as well as reduced capex and opex from base-station site development and maintenance. For example femto cells are user deployed in home and use existing backhauls [‎5].
· Improved coverage: coverage is substantially improved as the base-station move closer to the users.  This improvement is especially needed for indoor deployments, where the signal from the macro base station may be weaker and an in-home device like the femto can significantly improve coverage.
The key attributes or use cases for multi-tier deployments are indicated in the following sections.
2.1.1.1 Multi-Tier Deployment Scenarios

As indicated, small base stations different lower tier access points may be used in a hierarchical network deployment. The type and location of these base stations access points 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.
2.1.1.2 Spectrum Usage across Tiers
As mentioned, spectrum allocation across multiple tiers is an important aspect of deployment and use of hierarchical architectures. Currently, multi-tier deployments are possible for both 

a) Single frequency/carrier across tiers
b) Distinct frequencies/carriers across tiers
Most network operators are capacity constrained due to limited spectrum, therefore cannot afford to deploy separate carriers across tiers. Hence, “intelligent” single frequency multi-tier deployments, where a single carrier is judiciously used across tiers, are critical to the success of hierarchical architectures. While IEEE 802.16m supports both types of deployments, significantly more work is needed to fully enable single frequency deployments at a scale where reasonable density of femto base stations may be supported.
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. Table 1 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. The results shown 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 1: 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 A for the methodology used for the simulation.
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.
2.1.1.3 Interference Mitigation across Tiers
As mentioned, 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.
2.1.1.4 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. 
2.1.1.5 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. 
------------------------------------------------   Text End  -----------------------------------------------------------
------------------------------------------------   Text Start  -----------------------------------------------------------
3 Key Features and Requirements 

3.1 Single Radio Access Technology

The key advantages of a single RAT multi-tier deployment are summarized as follows: 

· Gains in areal capacity: Preliminary performance evaluation of multi-tier cell deployments with full spectrum reuse, indicate that the areal capacity increases linearly w/ increasing number of cells

· Favorable cost structure: Significant cost benefits are available for smaller lower-cost infrastructure tiers, as well as reduced capex and opex from base-station site development and maintenance. For example, femto cells are user deployed in home and use existing backhauls [‎5].

· Improved coverage: Coverage is substantially improved as the base-station move closer to the users.  This improvement is especially needed for indoor deployments, where the signal from the macro base station may be weaker and an in-home device like the femto can significantly improve coverage.

To fully achieve the advantages, we have to consider the below points.
· For limited client access to Multi-tier networks, the level of network access shall be selectively provided by the network in terms of client membership to the IEEE802.16 network.

· Access triggering conditions shall be distinguished for each tiers within the IEEE802.16 network. 

· An IEEE802.16 device communicating with another IEEE802.16 device for Single-RAT CC shall be controlled by IEEE 802.16 BS.
· IEEE 802.16 system supporting single-RAT CC shall minimize the hardware change of the IEEE 802.16 BS; An IEEE 802.16 BS supporting single-RAT CC shall be able to configure the candidate set for a certain source device. The candidate set consists of single-RAT CC-capable devices.

· Interference between devices and/or BSs in different tiers shall be mitigated.
------------------------------------------------   Text End  -----------------------------------------------------------
------------------------------------------------   Text Start  -----------------------------------------------------------
4 Standards Implications 

4.1 Single Radio Access Technology
· The framework for direct link communication between a source device and a cooperative device shall be defined, e.g., frame structure in MS-side, scheduling information, HARQ feedback, and channel measurement and feedback for direct link communication.

· Enhanced interference mitigation is may be required during data transmission between base stations, between cooperative devices, and as well as between BS base station and cooperative devices.

· Capability of single-RAT CC for IEEE 802.16 devices can be negotiated through network (re-)entry procedure and it can be updated after the network (re-)entry in a certain condition. 
------------------------------------------------   Text End  -----------------------------------------------------------
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