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1 Overview

1.1 Scope

1.2 Purpose

1.3 PAR Summary

The scope of the PAR (listed in Item 12) is as follows:

“Specification of physical and medium access control layers of an air interface for interoperable mobile broadband wireless access systems, operating in licensed bands below 3.5 GHz, optimized for IP-data transport, with peak data rates per user in excess of 1 Mbps. It supports various vehicular mobility classes up to 250 Km/h in a MAN environment and targets spectral efficiencies, sustained user data rates and numbers of active users that are all significantly higher than achieved by existing mobile systems.”

In addition, a table (provided in Item 18) lists “additional information on air interface characteristics and performance targets that are expected to be achieved.”

Characteristic
Target Value

Mobility
Vehicular mobility classes up to 250 km/hr (as defined in ITU-R M.1034-1)

Sustained spectral efficiency
> 1 b/s/Hz/cell 

Peak user data rate (Downlink (DL))
> 1 Mbps* 

Peak user data rate (Uplink (UL))
> 300 kbps* 

Peak aggregate data rate per cell (DL)
> 4 Mbps* 

Peak aggregate data rate per cell (UL)
> 800 kbps* 

Airlink MAC frame RTT
< 10 ms

Bandwidth
e.g., 1.25 MHz, 5 MHz

Cell Sizes
Appropriate for ubiquitous metropolitan area networks and capable of reusing existing infrastructure. 

Spectrum (Maximum operating frequency)
< 3.5 GHz

Spectrum (Frequency Arrangements)
Supports FDD (Frequency Division Duplexing) and TDD (Time Division Duplexing) frequency arrangements

Spectrum Allocations
Licensed spectrum allocated to the Mobile Service

Security Support
AES (Advanced Encryption Standard)

* Targets for 1.25 MHz channel bandwidth. This represents 2 x 1.25 MHz (paired) channels for FDD and a 2.5 MHz (unpaired) channel for TDD. For other bandwidths, the data rates may change.
2 Services and Applications

The 802.20 Air-Interface (AI) should be optimized for high-speed IP-based data services operating on a distinct data-optimized RF channel. The AI should provide for compliant Mobile Terminal (MT) devices for mobile users, and should enable significantly improved performance relative to other systems targeted for wide-area mobile operation. The AI should be designed to provide improved performance attributes such as peak and sustained data rates and corresponding spectral efficiencies, system user capacity, air- interface and end-to-end latency, overall network complexity and quality-of-service management.

Applications : The AI shall support interoperability between an IP Core Network and IP enabled mobile terminals. This allows applications including, but not limited to, full screen, full graphic web browsing, e- mail, file upload and download without size limitations (e.g., FTP), video and audio streaming, IP Multicast, VPN connections, VoIP, instant messaging and on- line multiplayer gaming.

Always on: The AI should provide the user with “always-on” connectivity. The connectivity from the wireless MT device to the Base Station (BS) should be automatic and transparent to the user.

3 System Reference Architecture

3.1 System Architecture

The AI shall support a layered architecture and separation of functionality between user, data and control planes. The AI must efficiently convey bidirectional packetized, bursty IP traffic with packet lengths and packet train temporal behavior consistent with that of wired IP networks.

>>>Unclear what is meant by these planes.  If a user sends data, does it go over the user plane or the data plane?  Maybe we should say user, control and network management planes.  Or just forget planes since they tend to raise more issues than they solve, at least for data people.<<<
3.2 Definition of Interfaces

Open interfaces: The AI shall support open interfaces between any network entities in the AI that may be implemented by service providers and manufacturers as separate systems, sub-systems, or network entities. IETF protocols shall be considered and adopted in these open interfaces, if appropriate.
>>>Note: not clear what this means.  In any case, the IETF protocols are at a higher layer; we need to support them rather than adopt them.  Suggest that we rewrite or drop this paragraph<<<
4 System Requirements

>>>Note:  “system requirements” implies both functionality and performance.  Separate clauses for system requirements and functional requirements result in a lot of duplication and risk specifying the same thing inconsistently in the two places.  Suggest we have sections for Functional Requirements and Performance.<<<
4.1 System Aggregate Data Rates – Downlink & Uplink

In an aggregate 1.25 MHz channel bandwidth, the AI shall support peak aggregate data rate (user payload) per cell in excess of 4 Mbps in the downlink and in excess of 800 Kbps in the uplink.  In wider channels, the data rates shall be proportionate.
4.2 User Data Rates - – Downlink & Uplink

The AI shall support peak per-user data rates in excess of 1 Mbps on the downlink and in excess of 300 kbps on the uplink. These data rate targets are established without consideration of channel conditions, traffic loading, and system architecture. The peak per user data rate targets are less than the aggregate per cell data rate to allow for design and operational choices.

>>>How is this better than 3G?  Can we raise these numbers?  The PAR sets a lower limit but we can go higher.<<<
4.3 Spectral Efficiency (bps/Hz/cell or bps/Hz/sector)

Sustained spectral efficiency shall be in excess of 1 b/s/Hz/cell in a loaded network. Sustained spectral efficiency is computed in a network setting. It is defined as the ratio of the expected aggregate throughput (bits/sec) to all users in an interior cell divided by the system bandwidth. The sustained spectral efficiency calculation shall assume that users are distributed uniformly throughout the network and shall include a specification of the minimum expected data rate/user. Additionally, the AI shall support universal frequency reuse but also allow for system deployment with frequency reuse factors of less than 1 (e.g., using spatial diversity to reuse spectrum within a cell).
>>>Line 136: why just an interior cell?  How does it differ from a boundary cell?<<<
4.4 QOS

The AI shall support the means to enable end-to-end QoS within the scope of the AI and shall support a Policy-based QoS architecture. The resolution of QoS in the AI shall be consistent with the end-to-end QoS at the Core Network level. The AI shall support IPv4 and IPv6 enabled QoS resolutions, for example using SBM. The AI shall support efficient radio resource management (allocation, maintenance, and release) to satisfy user QoS and policy requirements.
4.5 Number of Simultaneous Sessions

4.6 Packet Error Rate

The physical layer shall be capable of adapting the modulation and coding so as to achieve a packet error rate of 10 –3 or better (based on a 1500-byte packet) for all mobile stations. Use of ARQ shall reduce the packet error rate to 10 –5 or better.
4.7 System Link Budget

The system link budget shall be appropriate for ubiquitous metropolitan area networks and capable of reusing existing infrastructure with cell sizes typical of macro-cellular wireless networks. Smaller cells shall also be supported to accommodate operational, deployment and capacity considerations. 
>>>Note: not clear what this means.  If “infrastructure” is towers, we  should say so.  We are unlikely to reuse electronic components from other types of networks.<<<
4.8 Receiver sensitivity, blocking and selectivity specifications shall be consistent with best commercial practice for mobile wide-area terminals. Air-link reliability

The AI shall support automatic selection of optimized user data rates that are consistent with the RF environment constraints and application requirements. The AI shall provide for graceful reduction or increase in user data rates, on the downlink and uplink, as a mechanism to maintain an appropriate frame error rate performance.

4.9 Max tolerable delay spread

4.10 Mobility 

Support of mobile terminals moving at up to 250 km/hr shall be possible.
4.11 Security

Provision shall be made for authentication of both base station and mobile terminal, for privacy, and for data integrity consistent with the best current commercial practice.

4.12 OA&M

4.13 Link Adaptation, Power Control, and Dynamic Bandwidth Allocation 

Link adaptation shall be used by the AI for increasing spectral efficiency, peak data rate, and cell coverage reliability. The AI shall support adaptive modulation and coding, adaptive bandwidth allocation, and adaptive power allocation.

4.14 Spectral Requirements

The system shall be targeted for use in TDD and FDD licensed spectrum allocated to mobile services below 3.5GHz. The AI shall be designed for deployment within existing and future licensed spectrum below 3.5 GHz. The MBWA system frequency plan shall include both paired and unpaired channel plans with multiple bandwidths, e.g., 1.25 or 5 MHz, etc., to allow co-deployment with existing cellular systems. Channel bandwidths are consistent with frequency plans and frequency allocations for other wide-area systems
The design shall be readily extensible to wider channels as they become available in the future.
4.15 Handoff

The AI shall provide inter-sector, inter-cell, and inter-frequency handoff procedures at vehicular speeds that minimize packet loss and latency for robust and seamless (i.e., without service interruption) IP packet transmission.

4.16 Latency

The AI shall minimize the round-trip times (RTT) and the variation in RTT for acknowledgements, within a given QoS traffic class, over the air interface. The RTT over the airlink for a MAC data frame is defined here to be the duration from when a data frame is received by the physical layer of the transmitter to the time when an acknowledgment for that frame is received by the transmitting station. The airlink MAC frame RTT, which can also be called the “ARQ loop delay,” shall be less than 10 ms. Fast acknowledgment of data frames allows for retransmissions to occur quickly,  reducing the adverse impact of retransmissions on IP packet throughput. This particularly improves the performance of gaming, financial, and other low latency transactions.

5 Functional Requirements

5.1 Layer 1 RF/PHY

5.1.1 Duplexing – FDD & TDD

· The 802.20 standard shall support both Frequency Division Duplex (FDD) and Time Division Duplex (TDD) frequency arrangements.  The MAC and PHY shall exhibit minimal differences between use in the two duplexing cases, with maximum commonality in terms of modulation and coding and in the control messages.
5.1.2 RF Channelization

5.1.3 Link Budget

5.1.4 Channel Characteristics

5.1.5 Adaptive Modulation

>>>Note: this item and the following one duplicate 4.1.3.  We should find a way to combine them.<<<
5.1.6 Adaptive Coding

5.1.7 Layer 1 to Layer 2 Inter-working

The interface between layers 1 and 2 is not an exposed interface; it may be handled at the implementer’s discretion.

5.1.8 Mobility and PHY

5.1.9 Space-Time Processing hooks & Multiple Antenna Capabilities

The AI shall support antenna diversity techniques to increase system capacity, cell sizes, and reliability.  Antenna diversity shall not be a requirement of the mobile station.
5.1.10 Encryption

The air interface shall support either block- or stream based cipher with shared secret keys.

5.1.11 Antenna Configurations

>>>This duplicates 5.1.9<<<

5.2 Layer 2 MAC

5.2.1 Adaptive Coding

>>>Coding is a PHY issue.  We’ve already addressed it.<<<

5.2.2 Scheduler

The AI specification shall not preclude proprietary scheduling algorithms, so long as the standard control messages, data formats, and system constraints are observed.

5.2.3 Cos/QoS Matched-Criteria

5.2.3.1 Protocol field mapping

5.2.3.2 Hardware mapping 

5.2.4 CoS/QoS Enforcement

5.2.4.1 Inter-packet delay variation

5.2.4.2 One-way, round-trip delay

5.2.4.3 Prioritization 

5.2.4.4 Error correction

5.2.4.5 Queuing

>>>Covered by scheduler, 5.2.2<<<

5.2.4.6 Suppression 

5.2.5 ARQ/Retransmission

>>>Done already<<<

5.2.6 MAC Error Performance

>>>Note: Error performance is really a PHY issue.  If an errored frame is received, the MAC initiates ARQ.<<<

5.2.7 Latency

5.2.8 Protocol Support
5.2.9 Addressing
5.2.10 Mobility

>>>We already said we would support mobility up to 250 km/hr.<<<

5.2.11 Additional IP Offerings

5.3 Layer 3+ Support

5.4 Authentication Functions

The AI shall provide messaging for mutual authentication of the MT and network, as well as supporting network authentication of the accessing user and measures to thwart MT cloning.

5.5 User State Transitions

The AI shall support multiple protocol states with fast and dynamic transitions among them. It shall provide efficient signaling schemes for allocating and de-allocating resources, which may include logical in-band and/or out-of-band signaling, with respect to resources allocated for end-user data. The AI shall support polling schemes for idle terminals to promote power conservation for MTs.

>>>Paging suggests trying to find an MT whose location is unknown.  In data networks the process of asking users if they have anything to send is generally referred to as polling.<<<
5.6 Resource Allocation

The AI shall support fast resource assignment and release procedures on the uplink and downlink for maximum utilization, especially for bursty IP applications.
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Appendix A

Definition of Terms

· Active users - An active user is a terminal that is registered with a cell and is using or seeking to use air link resources to receive and/or transmit data within a short time interval (e.g., within 100 ms).

· Airlink MAC Frame RTT - The round-trip time (RTT) over the airlink for a MAC data frame is defined here to be the duration from when a data frame is received by the physical layer of the transmitter to the time when an acknowledgment for that frame is received by the transmitting station.

· Bandwidth or Channel bandwidth - Two suggested bandwidths are 1.25 MHz and 5 MHz, which correspond to the bandwidth of one channel (downlink or uplink) for paired FDD spectrum.

· Cell - The term “cell” refers to one single-sector base station or to one sector of a base station deployed with multiple sectors.

· Cell sizes – The maximum distance from the base station to the mobile terminal over which an acceptable communication can maintained or before which a handoff would be triggered determines the size of a cell.

· Frequency Arrangements – The frequency arrangement of the spectrum refers to its allocation for paired or unpaired spectrum bands to provide for the use of Frequency-Division Duplexing (FDD) or Time-Division Duplexing (TDD), respectively.  The PAR states that the 802.20 standard should support both these frequency arrangements.

· Interoperable – Systems that conform to the 802.20 specification should interoperate with each other, e.g., regardless of manufacturer. (Note that this statement is limited to systems that operate in accordance with the same frequency plan. It does not suggest that an 802.20 TDD system would be interoperable with a 802.20 FDD system.)

· Licensed bands below 3.5 GHz – This refers to bands that are allocated to the Mobile Service and licensed for use by mobile cellular wireless systems operating below 3.5 GHz.

· MAN – Metropolitan Area Network.

· Mobile Broadband Wireless Access systems – This may be abbreviated as MBWA and is used specifically to mean “802.20 systems” or systems compliant with a 802.20 standard.

· Optimized for IP Data Transport – Such an air interface is designed specifically for carrying Internet Protocol (IP) data traffic efficiently. This optimization could involve (but is not limited to) increasing the throughput, reducing the system resources needed, decreasing the transmission latencies, etc.

· Peak aggregate data rate per cell –  The peak aggregate data rate per cell is the total data rate transmitted from (in the case of DL) or received by (in the case of UL) a base station in a cell (or in a sector, in the case of a sectorized configuration), summed over all mobile terminals that are simultaneously communicating with that base station.

· Peak data rates per user (or peak user data rate) – The peak data rate per user is the highest theoretical data rate available to applications running over an 802.20 air interface and assignable to a single mobile terminal.  The peak data rate per user can be determined from the combination of modulation constellation, coding rate and symbol rate that yields the maximum data rate.

· Spectral efficiency – Spectral efficiency is measured in terms of bits/s/Hz/cell. (In the case of a sectorized configuration, spectral efficiency is given as bits/s/Hz/ sector.)

· Sustained spectral efficiency – Sustained spectral efficiency is computed in a network setting. It is defined as the ratio of the expected aggregate throughput (bits/sec) to all users in an interior cell divided by the system bandwidth (Hz). The sustained spectral efficiency calculation should assume that users are distributed uniformly throughout the network and should include a specification of the minimum expected data rate/user.

· Sustained user data rates – Sustained user data rates refer to the typical data rates that could be maintained by a user, over a period of time in a loaded system.  The evaluation of the sustained user data rate is generally a complicated calculation to be determined that will involve consideration of typical channel models, environmental and geographic scenarios, data traffic models and user distributions.
· Targets for 1.25 MHz channel bandwidth – This is a reference bandwidth of 2 x 1.25 MHz for paired channels for FDD systems or a single 2.5 MHz channel for TDD systems. This is established to provide a common basis for measuring the bandwidth-dependent characteristics. The targets in the table indicated by the asterisk (*) are those dependent on the channel bandwidth. Note that for larger bandwidths the targets may scale proportionally with the bandwidth.
· Various vehicular mobility classes – Recommendation ITU-R M.1034-1 establishes the following mobility classes or broad categories for the relative speed between a mobile and base station:
· stationary (0 km/h),
· pedestrian (up to 10 km/h)
· typical vehicular (up to 100 km/h)
· high speed vehicular (up to 500 km /h)
· aeronautical (up to 1 500 km/h)

· satellite (up to 27 000 km/h).

Appendix B  

Unresolved issues

Coexistence

Interworking: The AI should support interworking with different wireless access systems, e.g. wireless LAN, 3G, PAN, etc. Handoff from 802.20 to other technologies should be considered and where applicable procedures for that hand-off shall be supported.
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