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1 Overview

1.1 Scope

This document defines system requirement for the IEEE 802.20 standard devel opment project.
These requirements are consstent with the PAR (IEEE SA Project Authorization Request)
document (see section 1.3 below) and shall congtitute the top-level specification for the 802.20
standard. For the purpose of this document, an “802.20 system” condtitutes an 802.20 MAC
and PHY implementation in which at least one Mobile station communicates with a base sation
viaaradio ar interface, and the interfaces to externa networks, for the purpose of trangporting
| P packets through the MAC and PHY protocol layers.

1.2 Purpose

This document establishes the detailed requirements for the Mobile Broadband Wireless Access
(MBWA) systems.

1.3 PAR Summary

The scope of the PAR (listed in Item 12) isasfollows:

“ Soecification 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) ligs “additiona information on ar interface
characterigtics and performance targets that are expected to be achieved.”

Characteristic Target Value

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

Sustained spectral efficiency > 1 b/s/HZ/cell
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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., 1.25MHz 5 MHz

Cell Szes

Appropriate for ubiquitous metropolitan area
networ ks and capable of reusing existing
infrastructure.

Spectrum (Maxi mum operating
frequency)

< 35GHz

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.
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1 2 Overview of Services and Applications
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The 80220 Air-Interface (Al) shdl be optimized for high-speed IP-based data services
operating on a digtinct data-optimized RF channd. The Al dhdl support compliant Mobile
Termina (MT) devices for mobile users, and shdl enable improved performance rdative to
other systems targeted for wide-area mobile operation. The Al shdl be designed to provide
best-in-class performance attributes such as peak and sustained data rates and corresponding
10 goectrd efficiencies, sysem user capacity, ar- interface and end-to-end latency, overdl
11 network complexity and quality-of-service management. Applications that require the user
12 deviceto assumetherole of aserver, in aserver-client modd, shal be supported as well.

© 00 N O O

13 Applications: The Al dl shdl support interoperability between an IP Core Network and 1P
14  enabled mobile terminds and applications shall conform to open standards and protocols. This
15 dlows gpplications including, but not limited to, full screen video, full graphic web browsing, e-
16 mall, file upload and download without Sze limitations (eg., FTP), video and audio streaming,
17 |IP Multicast, Telematics, Location based services, VPN connections, Vol P, instant messaging
18 and on+ line multiplayer gaming.
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Always on: The Al shdl provide the user with “dways-on” connectivity. The connectivity from
thewirdessMT device to the Base Station (BS) dhdl be automatic and transparent to the user.

2.1 Voice Services

Cdl blocking is a higher leve Sprint would like to seit included as a comment even though the
higher leve will make the decision the MAC must be able to support the higher leve function.

The MBWA will support VOIP services. QOS will provide latency, jitter, and packet loss
required to enable the use of industry standard Codec's. When the bandwidth required for a
cdl cannot be reserved, the syssem will provide sgnaling to support cal blocking.

3 System Reference Architecture

3.1 System Architecture

The 802.20 systems must be designed to provide ubiquitous mobile broadband wireless access
in a cdlular like cdl architecture. The system architecture mugt be a point to multipoint system
that works from a base station to multiple devices in a non-line of sight outdoor to indoor
scenario. The system must be designed to enable a macro-cdlular architecture with alowance
for indoor penetration in a dense urban, urban, suburban and rura environment.
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The Al shall support a layered architecture and separation of functiondity between user, data
and control planes. The Al must efficiently convey bi-directiond packetized, bursty IP traffic
with packet lengths and packet train tempord behavior consgtent with that of wired IP
networks. The 802.20 Al shall support high-speed mobility. System Context Diagram

This section presents a high-level context diagram of the MBWA technology, and how such
technology mug “fit into” the overdl infrastructure of the network. It shdl include data paths,
wired network connectivity, AAA functiondity as necessry, and inter-sysem interfaces.
Magor System Interfaces shdl beincluded in this diagram.

3.2 Definition of Interfaces

Open interfaces. The Al shdl support open interfaces between the base dation and any
upstream network entities. The Al shdl support open interfaces between the base station and
any other upstream network ertities. Any interfaces that may be implemented shal use IETF
protocols as appropriate. Some of the possible interfaces are illustrated below.

MBWA Interfaces

Net wor k
I nterfaces User
10/ 100BT Air _ Interfaces
G gE ¢ _____—-1__—_' Air Ethernet
DS1 Interface Interface PCEJI\?CB:)IA
DS3 RF < 3.5GH Handset
oC3
Mobile Terminal

Base Station
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4 Functional and Performance Requirements

4.1 System
4.1.1 Link Budget

Link budget has been proposed at 150-170, 160-170 and removed.

The sysem link bud get shall be 160-170 dB for dl devices and terminds at the data rates
specified in the earlier section assuming best practices in terms of base station design, user
termina design, and deployment techniques.

4.1.2 Spectral Efficiency (bps/Hz/sector)

Rewriten to accommodate Michael Youssefmir comments along with perceived meaning and Sprints
contribution.

Sustained spectrd efficiency is computed in aloaded multiclular network setting. It is defined
as the ratio of the expected aggregate throughput (taking out al PHY/MAC overhead) to dl
users in an interior cdl divided by the sysem bandwidth. The sustained spectrd efficiency
caculation shdl assume that users are digtributed uniformly throughout the network and shdll
include a specification of the minimum expected data rate/user.

Downlink > 2 bps/Hz/sector
Uplink >1 bps/Hz/sector
4.1.3 Frequency Reuse

The Al shdl support universal frequency reuse but dso dlow for system deployment with
frequency reuse factors of less than or greater than 1.

4.1.4 Channel Bandwidths
The Al shdl support channd bandwidths in multiple of 5SMHz in downlink and the uplink.
4.1.5 Duplexing

The Al shdl support both Frequency Divison Duplexing (FDD) and Time Divison Duplexing
(TDD).

4.1.6 Mobility

Support different modes of mobility from pedestrian (3 knvhr) to very high speed (250 knvhr)
but not optimized for only one mode. As an example, data rate gracefully degrades from

pedestrian to high speed mobility.
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4.1.7 Aggregate Data Rates — Downlink & Uplink

Michael Youssefmir from Arraycomm asked the previous two tables be stricken. Sprint contributed the
following table for 5 MHz channels in line with the spectral efficiency above. Kei Suzuki believes the
numbers were not reflective of the Par. Shall the PAR be minimums?

The aggregate data rate for downlink and uplink shdl be consstent with the spectrd efficiency.
An example of a5MHz FDD channd is shown in Table 1 below.

Description Downlink Uplink
Outdoor to Indoor > 10 Mbps/Sector > 5Mbps/Sector
Average Aggregate Data
Rate

User Data Rates - — Downlink & Uplink

The Al 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 peak data rate targets are independent of channe
conditions, traffic loading, and system architecture. The pesk per user data rate targets are less
than the pesk aggregate per cdll datarate to alow for design and operational choices.

Average data rates in a loaded system shdl be in excess of 512K bps downlink and 128K bps
uplink. Thisshdl be true for 90% of the cell coverage or greeter.

Sprint added a definition.

4.1.8 Number of Simultaneous Sessions

> 100 sessions per carrier for a5Mhz system. “Simultaneous’ will be defined as the number
active-gtate Mobile Termina having undergone contention/access and scheduled to utilize Al
resources to transmit/Receive data within a 10 msec time interval.

4.1.9 Latency

The sysem dhdl have a one-way target latency of 20 msecs from the base Sation to the end-
device when the system is under load.

The Al ddl minimize the round-trip times (RTT) and the vaiaion in RTT for
acknowledgements, within a given QoS traffic class, over the air interface. The RTT over the
arlink for a MAC data frame is defined here 0 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 tranamitting sation. The airlink MAC frame RTT, which can dso be
cdled the “ARQ loop delay,” shdl be less than 10 ms. Fast acknowledgment of data frames
dlows for retransmissions to occur quickly, reducing the adverse impact of retransmissons on
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|P packet throughput. This particularly improves the performance of gaming, financid, and other
real-time low latency transactions.

4.1.10 Packet Error Rate

The physicad layer shadl be cgpable of adapting the modulation, coding, and power leves to
accommodate RF sgna deterioration between the BS and user terminas. The air interface shall
use gppropriate ARQ schemes to ensure that error rates are reduced to a suitably low levelsin
order to accommodate higher level IP based protocols (for example, TCP over IP). The
packet error rate for 512 byte IP packet shdl be less that 1 percent after error correction and
before ARQ.

4.1.11 Use of Multi Antenna Capabilities

Support will be provided a the Base Station and the Mobile Termina for advanced mullti
antenna technologies to achieve higher effective data rates, user capecity, cdl szes and
rdiability.

4.1.12 Network availability

It has been proposed this be deleted as an operator Sprint feelsit isaminimum target.
The end to end system availability shdl be 99.9%.
4.1.13 QOS

The Al shal support the means to enable end-to-end QoS within the scope of the Al and shal
support a Policy-based QoS architecture. The resolution of QoS in the Al shdl be consistent
with the end-to-end QoS at the Core Network level. The Al shall support IPv4 and IPv6
enabled QoS resolutions, for example usng Subnet Bandwidth Manager. The Al shall support
efficient radio resource management (alocation, maintenance, and release) to satisfy user QoS
and policy requirements

4.1.14 Security

Network security in MBWA systems is assumed to have gods smilar to those in cdlular or
PCS systems. These gods are to protect the service provider from theft of service, and to
protect the user’s privacy and mitigate againgt denial of service attacks. Provison shdl be made
for authentication of both base station and mobile termind, for privacy, and for data integrity
congstent with the best current commercia practice. 802.20 security is expected to be apartial
solution complemented by end-to-end solutions a higher protocol layers such as EAP, TLS,
SSL, IPSec, etc.

4.1.14.1 Access Control

A cryptographically generated chalenge-response authentication mechanism for the user to
authenticate the network and for the network to authenticate the user must be used.
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4.1.14.2 Privacy Methods

A method that will provide message integrity across the air interface to protect user data traffic,
aswdl as sgnaing messages from unauthorized modification will be specified.

Encryption across the air interface to protect user data traffic, as well as signaling messages,
from unauthorized disclosure will be incorporated.

4.1.14.3 User Privacy
The system will prevent the unauthorized disclosure of the user identity.
4.1.14.4 Denial of Service Attacks

It shdl be possble to prevent replay attacks by minimizing the likeihood that authentication
sgnatures are reused.

It shadl be possible to provide protection against Denid of Service (DOS) attacks.
4.1.14.5 Security Algorithm

The authentication and encryption dgorithms shdl be publicly avalable on a far and non
discriminatory basis.

Nationd or internationa standards bodies shal have gpproved the dgorithms.

The dgorithms shdl have been extensvely andysed by the cryptographic community to ress dl
currently known attacks.

4.1.15 Handoff Support

Handoff methods are required in MBWA systemsto facilitate providing continuous service for a popul ation
of moving Mobile Stations. Mobile stations may move between cells, between systems, between
frequencies, and at the higher layer between IP Subnets. At the lowest layers, handoffs can be classified as
either soft or hard handoffs, depending on whether there is a momentary service disruption or not.

4.1.15.1 Soft Handoff

4.1.15.2 Hard Handoff

4.1.15.3 Hard Handoff Between Similar MBWA Systems

4.1.15.4 Hard Handoff Between Frequencies

4.1.15.5 IP-Level Handoff

Kei Suzuki Asked thisbe removed. Sprint would likeit to be considered even though it is above level 2.

Version by Michael Y oussefmir
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In supporting high speed mobility in an all IP network, the MBWA air interface shall be designed in a
manner that does not preclude the use of Mobilel P or of Simplel P for the preservation of |P session state as
asubscriber's session is handed over from one base station or sector to another.

Multiple I P addresses behind one termina may al so be supported.

In order to support high speed mohility in an dl IP network Mobile IP will have to be supported
a a higher levd. Integration of Foreign Agent or proxy Mohile IP into the base ation or
termina will be required to support a clientless solution. Multiple |P addresses behind a sngle
termind shdl also be supported.

4.2 PHY/RF
4.2.1 Receiver sensitivity

Blocking and sdlectivity specifications shdl be consstent with best commercid practice for
mobile wide-areaterminds.

4.2.2 Link Adaptation and Power Control

The Al shdl support automatic sdection of optimized user data rates that are consstent with the
RF environment congraints and gpplication requirements. The Al shdl provide for graceful
reduction or increasing user data rates, on the downlink and uplink, as a mechanism to maintain
an appropriate frame error rate performance. The Radio system shdl provide at least 99.9 link
rdiability.

Link adaptation shal be used by the Al for increasing spectra efficiency, pesk data rate, and
cdl coverage rdiability. The Al shdl support adgptive modulation and coding, adaptive
bandwidth alocation, and adaptive power alocation.

4.2.3 Max tolerable delay spread Performance under mobility

The sysem is expected to work in dense urban, suburban and rura outdoor-indoor
environments and the relevant channd modds shdl be agpplicable. The system shdl NOT be
designed for indoor only and outdoor only scenarios.

4.2.4 Duplexing — FDD & TDD
The 802.20 standard shall support both Frequency Divison Duplex (FDD) and Time Divison
Duplex (TDD) frequency arrangements.

4.3 Spectral Requirements

The system shall be targeted for use in TDD and FDD licensed spectrum dlocated to mobile
services bedow 3.5GHz. The Al shdl be desgned for deployment within existing and future
licensed spectrum below 3.5 GHz. The MBWA system frequency plan shdl include both paired
and unpaired channd plans with multiple bandwidths, eg., 1.25 or 5 MHz, €tc., to dlow co-
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deployment with exiging cdlular sysems. Channd bandwidths are consstent with frequency
plans and frequency dlocations for other wide-area systems

The design shdl be readily extensible to wider channels as they become available in the future.

4.3.1 Adaptive Modulation and Coding
The system will have adaptive modulation in both the uplink and the downlink

4.3.2 Layer 1to 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

4.4 Layer 2 MAC (Media Access Control)

4.4.1 Quality of Service and the MAC
Several submissions for QOS have been sent now.

Michael Y oussefmir wrote’

"The 802.20 air interface shall support standard Internet Differentiated
Services (DS) QoS to be conpatible with other npbile network standards
such as 3GPP2. In particular, 802.20 shall support the standard

Expedi ted Forwardi ng (EF), Assured Forwarding (AF), and Best Effort (BE)
DS Per Hop Behaviors (PHBs) as defined by the RFC 2597 and RFC 2598

802. 20 shall al so support configuration of the PHBs by a DS APl t hat
shall be based on a subset of the information nodel defined in RFC 3289

The 802.20 air interface will provide an APl to higher |layer entities
for the purpose of requesting QoS attributes on a per-session basis. The
APl will also provide a nechanismfor the air interface to inform higher

| ayer entities whether a particular QoS request is to be honored. It is
the responsibility of higher layer entities to take appropriate action
based on such nessages.”

Bill Young Submitted
Quality of Service and Class of Service

This section describes the quality of service and cl asses of services
for 802.20 systens. Terninology is borrowed from I nternet Engineering
Task Force (I ETF) and the | EEE 802.16.3 functional requirenents.

802. 20 protocols nust support classes of service (COS) with various

qual ity of service guarantees. The 802.20 protocol standards nust define
the interfaces and procedures that that facilitates the requirenents for
the allocation and prioritization of resources. 802.20 protocols nust

al so provide the neans to enforce QoS contracts and Service Leve
Agreenents (SLA). Table 1 provides a summary of the QoS requirenents
that the PHY and MAC | ayers shall neet. Note that the parameters in the
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tabl e are nmeasured between the MAC i nput and the upper |ayer at the
transmt station and the MAC output at the upper |ayer of the receiving
station for information transm ssion. For exanple, delay does not

i nclude setup tinme, link acquisition, voice codec’s, etc.

For QoS based connectionl ess services, the 802.20 protocols nust support
resources negotiated on-demand. For exanple, the MAC protocol may

all ocate bursts of PDUs to services that require changes in resource

al l ocation. Such allocation, for connectionless services, is thus
performed in a seni-statel ess manner.

A connection-oriented service may require state information to be

mai ntai ned for the Iife of a connection. However, the 802.20 MAC | ayer
interface may provide a connection-less service interface that require
hi gher | ayer adaptation to maintain the state of the connection and
periodically allocate resources. For instance, the MAC may need to

mai ntain state information about the QoS data flow only for the duration
of an all ocati on.

Table 1: Services and QoS Requirenents

Service Maxi num Maxi num

Error Rate | Access Del ay
(One Way)

Full Quality Tel ephony (Vocoder MOS> 4.0) BER 10-4 20 ns

St andard Qual ity Tel ephony (Vocoder MOS < BER 10-3 40 ns

4.0)

Tinme Critical Packet Services BER 10-4 20 s

Non-time Critical Packet Services — best BER 10-3 Not

effort appl i cabl e

Not e: These paraneters shoul d be vetted by the group.
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Types and Cl asses of Service

The fundamental direction for the QS nodel is that will be exported to
MBWA endpoints will be IP based and conformto | ETF DiffServ QoS node
in conjunction with other |IP based protocols. The DiffServ QoS node
defines traffic for all services as foll ows:

Expedited Forwarding (EF): EF requires a constant periodic access to
bandwi dt h. The bandwi dth requirenents nay vary within a specific range,
but delay and delay variance linmts are specified. Exanples that fal
into this category are voice-over-IP (VolP), videoconferencing, video on
demand (VoD) and other nultinedia applications.

Assured Forwarding (AF): In AF the bandwi dth varies within a specified
range, but has | oose delay and del ay variance requirenents.
Applications, which are limted in their bandw dth usage, nmay fall in
this category. AF services allow the traffic to be divided into
different classes. Using this capability, an ISP can offer a tiered
services nodel. For exanple there could be four classes platinum gold,
silver and bronze with decreasing |levels of service quality as well as
maxi mum al | ocat ed bandwi dth, with platinumgetting the highs share of
resources and bronze getting |Iowest. This would facilitate prem um
priced service |evel agreenents.

Best Effort Service (BES): The bandwi dth varies within a wi de range and
is allowed to burst up to the maxi num |ink bandw dt h when EF and AF
services are not using bandwi dth. The bandw dth and del ay requirenents
may or may not be specified. H gher variations of delay nmay be
acceptabl e since applications that utilize BES allow for a | ower grade
of service due to preenption by EF and AS traffic. Current Internet
service is an exanple of best effort service.

Traffic Shaping For Service Level agreenents

The 802.20 protocols shall enable the provisioning and signaling of
paraneters for the guaranteeing of mninmum allocated bandw dth used by
applications as set by the SLA. This would be acconplished through
access throttling, discarding packets and dynam cally assigning
avai | abl e bandwi dth. The nunber of service levels, data rates and
congestion control paranmeters will be called out in the 802.20

speci fications.

Par anet er s

802. 20 protocols shall define a set of paraneters that preserve the
intent of the QoS paraneters for all |P based services supported.
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Service and QoS Mappi ng

The cl asses of service and QoS paraneters of all services shall be
translated into a conmon set of paranmeters defined by 802.20. A QoS base
| P network nmay enpl oy the Resource Reservation Protocol (RSVP) to signal
the allocation of resources along a routed IP path. If 802.20 is to be a
l[ink in the IP network, an IW nust interface with 802.20 to negotiate
resource all ocation.

The basi c nechani sm avail able from 802. 20 systens for supporting QS
requirenents is to allocate bandwi dth to various services. 802.20
protocol s should include a mechani smthat can support dynamically

vari abl e bandw dth channel s and paths (such as those defined for IP

envi ronnent s) .

Sprint submitted what is in the body before the other submn ssions.

The Sysem MUST support grouping of transmission properties into service classes, so enabling
upper layer entities and externa applications can be mapped to request transmission intervas
capable of exhibiting desired QoS parameters in a globaly condgstent manner. The QoS sub-
system will adopt a "Matched Criterid' and "Enforcement” methodology, such that packets and

flows characterigtics being fed into the system that match a pre-defined rule set will be enforced
accordingly.

4.4.1.1 Cos/QoS Matched-Criteria

The sysem must be able to fingerprint ingress traffic based upon the maiched criterias as
defined below. The system shdl be designed such that one or multiple (as many as 8) matched
criterias can be placed into an enforcement policy.

4.4.1.2 Protocol Field Mapping

Hexible bit-based masking of multiple fields & every layer MUST be made avalable for
purposes of identifying packets. These matched criterionsinclude but are not limited to:

L4 Protocol fidld (UDP/TCP port number)
L4 Header length

L4 TCPflags

L4 TCP options (if present)

L3 Protocol fied

L3 Source address/network

L3 Degtination address/network

L3 Totd length
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L3 Fragmentation (Initid 4 bits of two-byte fied)

L3 DiffServeTOSfidd (to include ECN)

L2 Ethernet hardware address (two groups, 3 bytes each / entire 6 byte address)

L2 Ethertype

L2 802.1Q/p

L7 Unencrypted HTTP verson 1.x protocol fingerprinting (desired)

4.4.1.3 Hardware Mapping

The system dhdl be able to differentiate policies bound to groups of Mobile Stations.

4.4.1.4 Additional Criteria

Additiond criterion must be evaluated by both Mobile and Base Station: Ingress How rates
(source/destination | P address and port numbers) Ingress Aggregate data rates

Data tonnage-based L 3 resource usage quotas

Airtime utilization-based PHY resource usage quotas

4415 CoS/QoS Enforcement

The following "ENFORCEMENT" actions will be avalable to handle matched-criteria
Prioritization

The sysem mugt make available no less than eight node-based priority queues. Mobile Nodes
provisoned with the highest priority will have a more heavily weighted probability for service.
Conversdly, Mobile Nodes provisoned for the lowest available priority wil only be given
saviceif PHY/MAC resources are available.

Error Correction

Higher coding / ARQ: The sysem mug have the ability to increase the probability of a
successful packet trangmission.

Queuing

The sysem must make available no less than sixteen fow-based operator-defined priority
queues. Latency, priority, jitter, error-correction, maximum throughput and queue depths will
be considered for the development of these queues.

Suppression
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Hard drop: The sysem MUST be able to block matched packet prior to transmisson over
ether uplink or downlink air interfaces.

Resarvation

When requested a fixed amount of bandwidth must be dlocated for use. If the reservation
request can't be fulfilled the MAC must sgnd back o it can be handled at higher layer.

4.4.1.6 Aggregate Bandwidth Partitioning

Patitioning: The sysem mugt dlow for partitioning of the aggregate bandwidth pipe. While the
base station equipment is operating in a resource under-utilized state, any unused bandwidth
must be made available to Mobile Stations requiring the resources regardless of which partition
the CPE has been provisoned for (soft partitioning).

4.4.1.7 Interface Binding

Policy enforcement shdl be implemented on CPE packet input and base station packet outpu,
as applicable, such that PHY/MAC resources are not unnecessarily utilized. Packet-queuing
and queue-depths must be configurable for both base station WAN ingress and mobile station
LAN ingressinterfaces. Queue depth configuration will be available in increments of datagrams
andtime.

4.4.1.8 Packet Mangling

Packet/Frame manipulation: |P Diffserve/TOS field modification to any predetermined operator
vaue. For customer redirection, the destination address of 1P packets shdl be modified to any
predetermined operator vaue (captive porta, acceptable usage policy violation, etc). For
bridged environments, the sysem MUST possess the ability to modify the 802.1p priority field
to any predetermined operator specified vaue. Marking will take place at either the Mobile or
Base Station, as appropriate.

4.4.1.9 Resource Scheduling

PHY/MAC resource scheduling: System must possess ability to starve a Mobile Station's
resource alocation of PHY resources for an operator specified time vaue, with resolution of
10ms increments.

4.4.1.10 Rate-limiting

Throughput rate limiting:  System must alow for an endpoint node egress to be rate limited in
increments of 8kbs, with classfications for pesk and best-effort minimum resource dlocation.
During under-load conditions, unused bandwidth must be made available to satisfy active CPE
bursting requirements.
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4.4.1.11 ARQ/Retransmission

The Al shdl support ARQ/retransmisson. The systerm must not induce more than 10ms latency
for the retransmission of alost block of data. Dropped data segments shdl not hinder the timely
delivery of any subsequent datagrams (successfully reconstructed datagrams shdl not wait in
queue for the reconstruction of datagrams that encountered dropped packets and are waiting to
be re-sent).

4.41.12 MAC Error Performance

The packet error rate (PER), after application of appropriate error correction mechanism (eg.,
forward error correction) but before ARQ, delivered by the PHY layer to the MAC layer, must
meet a requirement of 1% for tests conducted with 512 byte packets. The ratio of MAC
protocol services becoming avallable to unavailable must e 99.9% of the time, provided the
system and radlios receive adequate power 100% of thetime.

4.4.1.13 Latency

Delays are derived from filters frame dignment, time-dot interchange, switch processing,
propagation, packetization, forward error correction, interleaving, contention/access, queue
depths, or any other Igpse in time associated with transmisson on the wirdess medium.
Synchronous services, such as TCP gpplications or VolP require short, predictable (i.e,
constant) delay.

4.4.1.13.1 End to End Latency

The MAC protocol must guarantee periodic access to the medium. PHY resources dedicated
for this function must not impact system goodput capacity by more than 5%. The contention
access mechanism must not incur more than 15 msec sysem deay, excluding the time the
system is in a blocking state due to over-capacity on the contention medium. The first packet
pass-through initiated by the subscriber, while the mobile gation is not in an active state, must
incur less than 20 msec one-way delay (inclusve of contention/access latencies). The firg
packet pass-through initiated by the base station, while the mobile gation is not in an active
date, must incur less than 20 msec one-way delay, exclusive of regular active-tate latencies.
64-byte packet pass-through must comply with a maximum round trip delay of less than 20
msec, exclusive of input or output queue depth and contention delay.

4.4.1.13.2 End to End Latency Variation

Contention/access delays must remain congtant, regardless of the number of mobile stations
dready in an active Sate.

4.4.1.14 Protocol Support

The systerm must support transport of variable length Internet Protocol packets ranging from 46
to 1500 bytes. Segmentation and re-assembly techniques may be used to arrange traffic on the
medium.
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The sysem must be able to support the optiond suppresson of any and al L2 and L3
broadcasts, as applicable, at the Mobile or Base Stations (see QoS section Matched Criteria).

The system must be capable of passing IPSec traffic (RFC2401), and as such, be capable of
functioning with off-the-shelf VPN software and hardware. The system must be capable of
passing additiona encapsulation protocol types: GRE (RFC1701), L2TP (RFC2261), PPTP
(RFC2637).

4.4.1.15 Addressing

For externd Mobile Stations with Ethernet adapters, the syssem must be cgpable of limiting the
number of customer hardware MAC addresses learned by the Mobile Station. This vaue must
be configurable per Mobile Station and in red-time without reboots.

4.4.1.16 Support/Optimization for TCP/IP

The MAC protocol shdl provide an efficient method of TCP acknowledgement transmission in
such away that does not hinder the ability of a system to deliver peak per-user capacity.

In the event the Base Station terminates the last-mile IP session, the TCP stack must support
Explicit Congestion Notification as defined by RFC3168. At no time will the Base Station
block packets classified with the ECN flag.

4.5 Layer 3+ Support
The system must support both [Pv4 and IPv6.
451 OA&M Support

The following vaues must be made avalladle in red-time with redisplay intervas of no lessthan
1000 msecs, with the option to be displayed in both cumulative and delta modes:

Aggregate base gtation bytes served at each coding/modulation configuration
Correctable and uncorrectable block errors

Identity of specific Mobile Stations which exhibit a higher than average packet error rate
PHY/MAC/NET based usage consumption gtatistics per Mobile Station

Successful and failed service requests for both up and downlink directions

Unique number of active Mobile Stations, as well as which specific sations are active, for both
up and downlink directions

Number of ungraceful session disconnections
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4.5.2 Scheduler

The Al specification shdl not preclude proprietary scheduling agorithms, so long as the
standard control messages, data formats, and system constraints are observed.

45.3 MAC Complexity Measures

To make the MBWA technology commercially feasible, it is necessary the complexity is minimized at the
MAC, consistent with the goals defined for the technologies. This section defines complexity measuresto
be used in estimating MAC complexity. \

4.6 User State Transitions

The Al shdl support multiple protocol states with fast and dynamic trangtions among them. It
will provide efficent Sgnding schemes for dlocating and de-dlocating resources, which may
indude logicd in-band and/or out-of-band signaling, with respect to resources dlocated for
end-user data. The Al shal support paging polling schemes for idle terminas to promote power
conservation for MTs.

47 Resource Allocation

The Al shal support fast resource assgnment and release procedures on the uplink and
Duplexing— FDD & TDD

5 References

802.20 - PD-02: Mohile Broadband Wirdess Access Systems. Approved PAR
(02/12/11)

802.20 - PD-03: Mobile Broadband Wireless Access Systems: Five Criteria (FINAL)
(02/11/13)

C802.20-03/45r1: Desired Characteristics of Mobile Broadband Wireless Access Air
Interface (Arif Ansari, Steve Dennett, Scott Migaldi, Samir Kapoor, John L. Fan, Joanne
Wilson, Reza Arefi, Jm Mollenauer, David S. James, B. K. Lim, K. Murakami, S. Kimura
(2003-05-12))

C802.20-03/47r1: Terminology in the 802.20 PAR (Rev 1) ( Joanne Wilson, Arif Ansari,
Samir Kapoor, Reza Arefi, John L. Fan, Alan Chickinsky, George Iritz, David S. James, B.
K. Lim, K. Murakami, S. Kimura (2003-05-12))




{May 29, 2003} | EEE P802.20-PD<number >/V <number>

Appendix A Definition of Terms and Concepts
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Active users - An active g is atermind that is regisered with a cdl and is usng or
seeking to use air link resources to receive and/or transmit data within a short time interva
(e.g., within 200 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 physica
layer of the tranamitter to the time when an acknowledgment for that frame is received by
the tranamitting Sation.

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

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

Cell sizes — The maximum distance from the base ation to the mohile termina over which
an acceptable communication can maintained or before which a handoff would be triggered
determinesthe size of acdl.

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

Interoperable — Systems that conform to the 802.20 specifications should interoperate with
each other, eg., 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 an 802.20 FDD system.)

Licensed bands below 3.5 GHz — This refers to bands that are dlocated to the Mobile
Searvice and licensed for use by mobile cdlular wirdess systems operating below 3.5 GHz.

MAN — Metropolitan Area Network.

Mobile Broadband Wireless Access systems — This may be abbreviated as MBWA and is
used specificaly to mean “802.20 systems’ or systems compliant with an 802.20 standard.

Optimized for IP Data Transport — Such an air interface is designed specificaly for
carying Internet Protocol (1P) data traffic efficiently. This optimization could involve (but is
not limited to) increasing the throughput, reducing the system resources needed, decreasing
the transmission latencies, ic.
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Peak aggregate data rate per cell — The peak aggregate datarate per cell isthe total data
rate transmitted from (in the case of DL) or received by (in the case of UL) a base dtation in
acdl (or in a sector, in the case of a sectorized configuration), summed over dl mobile
terminals that are Imultaneoudy communicating with thet base steation.

Peak data rates per user (or peak user data rate) — The peak data rate per user isthe
highest theoretical data rate available to applications running over an 802.20 air interface
and assignable to a sngle mobile termind. The pesk data rate per user can be determined
from the combination of modulation congtellation, coding rate and symbol rate thet yids the
maximum data rate.

Soectral efficiency — Spectra efficiency is measured in terms of bits'sHz/cdll. (In the case
of asectorized configuration, spectrd efficiency is given as bitys/Hz/ sector.)

Sustained spectral efficiency — Sustained spectrd efficiency is computed in a network
setting. It is defined as the ratio of the expected aggregate throughput (bits/sec) to dl users
in an interior cel divided by the system bandwidth (HZ). The sustained spectrd efficiency
cdculation should assume that users are digtributed 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 aloaded system. The evaduation of
the sustained user data rate is generdly a complicated caculation to be determined that will
involve condderation of typica channd modds, environmenta 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 pared channds for FDD systems or a single 2.5 MHz channd for TDD systems.
This is established to provide a common bass for measuring the bandwidth-dependent
characterigtics. The targets in the table indicated by the agterisk (*) are those dependent on
the channel bandwidth. Note that for larger bandwidths the targets may scae proportionaly
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:

o Stationary (0 km/h),

0 Pededtrian (up to 10 km/h)

o0 Typicd vehicular (up to 100 knvh)

0 High speed vehicular (up to 500 km /h)

0 Aeronautica (up to 1 500 knvh)
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o Saedlite (up to 27 000 km/h).
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Appendix B Unresolved issues
Coexistence and I nterference Resistance

Since MBWA technology will be operative in licensed bands some of which are currently being utilized by
other technologies, it is important that coexistence and interference issues be considered from the outset,
unlike the situation in unlicensed spectrum where there is much more freedom of design. Of particular
interest is adjacent channel interference; if MBWA is deployed adjacent to any of anumber of technologies,
the development effort should evaluate potential effects.

Interference can be grouped as co-channel and adjacent channel interference; evaluation of all combinations
of technologies likely to be encountered should be part of the 802.20 processes. Furthermore, 802.20
technology is described in the PAR to encompass both TDD and FDD techniques. These should be
evaluated separately, and requirements provided below.

5.1 Coexistence Scenarios
FDD Deployments

In this section, scenarios should be developed with 802.20 deployed as FDD, following the
FDD “rules’ for each of the 2G and 3G technologies likely to be encountered in practice.

802.20 and AMPS
802.20 and 1S-95
802.20 and GSM

802.20 and LMR
802.20 and CDMA 2000
802.20 and WCDMA
802.20 and 1IXEVDO
802.20 and HSDPA
802.20 and 1IXEV/DV
5.1.2 TDD Deployments

In this section, scenarios should be devel oped with 802.20 deployed as TDD, following any
TDD “rules’ for each of the 2G and 3G technologies likely to be encountered in practice.
Since the mgority of existing technologies are deployed as FDD solutions, some new
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ground is being explored here, and it will be necessary to make sure that the 802.20

technology will not serioudy impact the existing services.

802.20 and AMPS

802.20 and 1S-95

802.20 and GSM

802.20 and LMR

802.20 and CDMA 2000
802.20 and WCDMA

802.20 and 1IXEVDO

802.20 and HSDPA

802.20 and 1XEV/DV
Adjacent Channedl Interference
Definitions and Characterigtics
Requirements

Co-channd Interference
Definitions and Characteristics

Requirements

TDD Interference in Traditiondly FDD Bands

Since 802.20 is listed as being both TDD and FDD, it should be evauated in a scenario
where TDD 802.20 technology is deployed in atraditionally FDD frequency band. 802.20
should develop appropriate scenarios and requirements so that the new technology meets al
necessary coexigtence requirements that may be placed upon it.

Definition and Characteridtics

Requirements

Interworking: The Al 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.[Dan Gal
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dgal @lucent.com] : Thisissue is quite critical to the successful deployment of 802.20 systems in existing
and future markets worldwide. The purpose of defining Coexistence requirements in this document is to
assure that 802.20 systems would not cause interference to or be susceptible to interference from other
wireless systems operating in the same geographical area. Detailed quantitative RF emission limits need to
be specified as well as received interference levels that the 802.20 receivers would have to accept and
mitigate.

5.1.1 MBWA-Specific Reference Model

To facilitate a layered approach, the 802.20 specification shal incorporate a reference
partitioning model conggting of the MAC and PHY. This layered approach shdl be generdly
consgtent with other IEEE 8)2 standards and shdl remain generdly within the scope of other
|EEE 802 standards as shown in figures 1 & 2.
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5.1.2 MBWA-Specific Reference Model

To ad the discussion in this document and in the 802.20 specifications, a straw man Reference
Partitioning of the 802.20 functiondity is shown in Figure 1. This reference partitioning modd is
smilar to those used in other 802 groups.

The 802.20 reference modd condsts of two mgor functiond layers, the Data Link Layer
(DLL) and the Physicdl Layer (PHY).

The Data Link Layer is functionaly respongble for a mobile station’s method of gaining access
to the over-the-air resource. The Data Link Layer conggts of the MAC Sub layer, and the
MAC Management Sub layer. The MAC Sub layer is responsible for the proper formetting of
data, as well as requesting access to the over-the-air resource. The MAC Management Sub
layer is respongble for provisoning of MAC Layer Parameters and the extraction of MAC
monitoring information, which can be of use in network managemert.

The Physical Layer consds of the Physicd Layer Convergence Protocol, the Physicd Medium
Dependent, and the Physicd Layer Management Sub layers. The Physical Layer Convergence
Protocol Sub layer is responsible for the formatting of data received from the MAC Sub layer
into data objects suitable for over the air transmission, and for the deformaiting of data received
by the sation. The Physcad Medium Dependent Sub layer is responsible for the transmisson
and reception of data to/from the over-the-air resource. The Physical Layer Management sub
layer is responsible for provisoning of the Physica Layer parameters, and for the extraction of
PHY monitoring information that can be of use in network management.
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Data Link MAC_SAP
atalin
S MAC
Layer MAC Manage-
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i PHY_SAP
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PHY Layer Sublayer PHY
—PMD_SAPp=—{ Manage-
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MAC_SAP: MAC Service Access Point

PHY SAP: PHY Service Access Point
PLCP: PHY Layer Convergence Protocol, contains FEC
PMD: Physical Medium Dependent (radio)

Figure 1 — Reference partitioning

2. Interworking

[Dan Gal dgal @lucent.com: Interworking between 802.20 systems and other wireless systems is highly
desirable and may give it a competitive edge. Systems that have disparate physical layers can still interwork
viathe higher protocol layers. Current interworking solutions exist for CDMA2000/802.11b and for GSM -
GPRS/802.11b. Multi-mode devices, such as 802.11b+802.11a or more recently, 802.11b/g are now available.

13
14
15

16
17

Existing applications (such as Windows XP mobility support) provide for transparent roaming across
systems, automatically handling the applications’ reconfiguration so as to keep sessions working

seamlessly.

Building support for interworking in 802.20 — right from the first release of the standard — would add

significantly to its market appeal.
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To ad the discussion in this document and in the 802.20 specifications, a straw man Reference
Partitioning of the 802.20 functiondity is shown in Figure 1. This reference partitioning modd is
smilar to those used in other 802 groups.

The 802.20 reference modd condsts of two mgor functiond layers, the Data Link Layer
(DLL) and the Physicdl Layer (PHY).

The Data Link Layer is functiondly responsible for a mobile station’s method of gaining access
to the over-the-air resource. The Data Link Layer consgts of the MAC Sub layer, and the
MAC Management Sub layer. The MAC Sub layer is responsible for the proper formatting of
data, as well as requesting access to the over-the-air resource. The MAC Management Sub
layer is respongble for provisoning of MAC Layer Parameters and the extraction of MAC
monitoring information, which can be of use in network managemerntt.

The Physicd Layer congsts of the Physicadl Layer Convergence Protocal, the Physcd Medium
Dependent, and the Physicd Layer Management Sub layers. The Physical Layer Convergence
Protocol Sub layer is respongble for the formatting of data received from the MAC Sub layer
into data objects suitable for over the air transmission, and for the deformatting of data received
by the sation. The Physicad Medium Dependent Sub layer is responsible for the transmisson
and reception of data to/from the over-the-air resource. The Physical Layer Management sub
layer is responsible for provisoning of the Physical Layer parameters, and for the extraction of
PHY monitoring information that can be of use in network management.
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Figure 1 — Reference partitioning
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