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1. Scope of Nextwave Broadband’s WRAN Proposal
Nextwave Broadband intends to submit a WRAN proposal that is compliant with the IEEE802.22 Functional Requirements document (IEEE 802.22-05/0007r46).  The proposed system will consist of PHY and MAC protocols briefly described in Sections 2 and 3 plus additional functionality required to satisfy coexistence requirements, as briefly discussed in Section 4, to ensure reliable operation in the presence of and minimum interference to incumbent services.  The proposed PHY and MAC bear the following relationship to the IEEE802.16 standard:

· The proposed PHY/MAC 

= a subset of 802.16 PHY/MAC + enhancements required 

· The subset of 802.16 PHY/MAC 

= the subnet that supports the S-OFDMA PHY/MAC, as specified in the following references:

· IEEE Std 802.16-2004 [1]

· IEEE P802.16-2004/Cor1/D5 [2]

· IEEE P802.16e/D12 [3]

Figure 1 shows the proposed protocol reference model and the scope of this proposal.

This proposal targets the following applications:

a. Internet Access

b. VoIP

c. Broadcast Audio and Video services

The proposal will include appropriate QoS provisions for service mixes (see Sect. 3.1.6).
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Figure 1 Proposed 802.22 Protocol Reference Model and the Scope of the Standard

2. PHY Description

The following abridged PHY description is based on [4].  The concept of scalability was introduced to the IEEE 802.16 WirelessMAN Orthogonal Frequency Division Multiplexing Access (OFDMA) mode by the 802.16 Task Group e (TGe). A scalable physical layer enables standard-based solutions to deliver optimum performance in channel bandwidths ranging from 1.25 MHz to 20 MHz with fixed subcarrier spacing for both fixed and portable/mobile usage models, while keeping the product cost low. The architecture is based on a scalable subchannelization structure with variable  FFT sizes according to the channel bandwidth. In addition to variable FFT sizes, the specification supports other features such as Advanced Modulation and Coding (AMC) subchannels, Hybrid Automatic Repeat Request (H-ARQ), high-efficiency uplink subchannel structures, Multiple-Input-Multiple- Output (MIMO) diversity, and coverage enhancing safety channels, as well as other OFDMA default features such as different subcarrier allocations and diversity schemes.  The proposed WRAN PHY solution is based on a 5 MHz profile (i.e., FFT size = 512) to accommodate the spectrum of available TV channels.  The following table summarizes the main PHY parameters for this profile

Table 2.1   Summary of PHY parameters

	Channel Bandwidth
	5 MHz

	Modulation
	QPSK/16-QAM/64-QAM

	Coding
	Conv./Conv. Turbo

(r = 1/2, 2/3, 3/4)

	Duplex Method
	TDD 

	FFT Size
	512

	OFDMA Symbol Time
	100.8 µs (11.2 µs guard)

	Frame size(s)
	5 ms, 10 ms 

(49, 98 OFDM symbols, respectively)

	Diversity Scheme
	Space Time Coding (STC)

+ Beamforming 

(for enhanced coverage and range)


2.1 OFDMA Frame Description
There are three types of OFDMA subcarriers:

1. Data subcarriers for data transmission.

2. Pilot subcarriers for various estimation and synchronization purposes.

3. Null subcarriers for no transmission at all, used for guard bands and DC carriers.
Active subcarriers are divided into subsets of subcarriers called subchannels. The subcarriers forming one subchannel may be, but need not be, adjacent. Bandwidth and MAP allocations are done in subchannels.

The pilot allocation is performed differently in different subcarrier allocation modes. For DL Fully Used subchannelization (FUSC), the pilot tones are allocated first and then the remaining subcarriers are divided into data subchannels. For DL Partially Used subchannelization (PUSC) and all UL modes, the set of used subcarriers, that is, data and pilots, is first partitioned into subchannels, and then the pilot subcarriers are allocated from within each subchannel. In FUSC, there is one set of common pilot subcarriers, but in PUSC, each subchannel contains its own set of pilot subcarriers.

In a DL, subchannels may be intended for different (groups of) receivers while in UL, Subscriber Stations (SS) may be assigned one or more subchannels and several transmitters may transmit simultaneously. The subcarriers forming one subchannel may, but need not be, adjacent. Figure 2 shows the OFDM frame structure for Time Division Duplexing (TDD) mode. Each frame is divided into DL and UL subframes separated by Transmit/Receive and Receive/Transmit Transition (TTG and RTG, respectively) gaps. Each DL subframe starts with a preamble followed by the Frame Control Header (FCH), the DL-MAP, and a UL-MAP, respectively. The FCH contains the DL Frame Prefix (DLFP) to specify the burst profile and the length of the DL-MAP immediately following the FCH. The DLFP is a data structure transmitted at the beginning of each frame and contains information regarding the current frame; it is mapped to the FCH. 
According to the OFDMA specifications, a DL-MAP message, if transmitted in the current frame, shall be the first MAC PDU in the burst following the FCH. An ULMAP message shall immediately follow either the DL MAP message (if one is transmitted) or the DLFP. If Uplink Channel Descriptor (UCD) and Downlink Channel Descriptor (DCD) messages are transmitted in the frame, they shall immediately follow the DL-MAP and UL-MAP messages. Simultaneous DL allocations can be broadcast, multicast, and unicast and they can also include an allocation for another BS rather than a serving BS. Simultaneous ULs can be data allocations and ranging or bandwidth requests.
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Figure 2  OFDMA Frame Structure
2.2 Subcarrier Allocation Modes

There are two main types of subcarrier permutations: distributed and adjacent. In general, distributed subcarrier permutations perform very well in mobile applications while adjacent subcarrier permutations can be properly used for fixed, portable, or low mobility environments. These options enable the system designers to trade mobility for throughput.  Tables 2.2 and 2.3 show examples of distributed subcarrier permutations for Downlink and Uplink, respectively.  Table 2.4 shows a simplified example of adjacent subcarrier permutation that can be used for the Downlink and Uplink and would be suitable for fixed applications. For a more detailed discussion of these permutations, see [4].  Nextwave Broadband’s proposal will seek to optimize these permutations for WRAN applications, which are envisioned to be fixed and nomadic.
Table 2.2   Example of DL distributed subcarrier permutation
	BW = 5 MHz, NFFT = 512
	FUSC
	PUSC

	Number of Guard subcarriers
	86
	91

	Number of clusters/subchannels
	--
	30/15

	Number of used subcarriers
	426
	421

	Number of data subcarriers
	384
	360

	Number of pilot subcarriers
	42
	60

	Number of subchannels
	8
	15

	Subcarrier Permutation
	Type 1

(802.16-2004)
	Type 1

(802.16-2004)

	Cluster renumbering
	--
	Activated


Table 2.3   Example of UL distributed subcarrier permutation
	BW = 5 MHz, NFFT = 512
	PUSC
	OPUSC

	Number of guard subcarriers
	103
	79

	Number of tiles
	102
	144

	Number of used subcarriers
	409
	433

	Number of subchannels
	17
	24

	Tile permutation
	Type 2
	--

	Subcarrier permutation
	Type 3
	Type 4


Table 2.4   Example of adjacent UL subcarrier permutation
	BW = 5 MHz, NFFT = 512
	Subcarriers

	Number of Guard subcarriers
	79

	Number of used subcarriers
	433

	Number of data subcarriers
	384

	Number of pilot subcarriers
(Npilots)
	48

	Number of data subcarriers
	

	Number of bands
	12

	Number of bins per band
	4

	Number of subcarriers per bin (8 data +1 pilot)


	9

	Number of subchannels
	8

	Subcarrier Permutation
	None

	Pilot subcarrier index
	9k+3m+1,

for k=0,1,……, Npilots and

m=[symbol index] mod 3




3. MAC Description

The proposed MAC consists of a subnet of 802.16 MAC as the baseline and enhancements suggested for the 802.22 systems.
3.1 A Subset of 802.16 MAC as the baseline
The subnet of 802.16 MAC that is proposed as the baseline MAC comprises the MAC functions required to support the 802.16 OFDMA PHY, as defined in IEEE Std 802.16-2004 and as amended by IEEE P802.16-2004/Cor1/D5 and IEEE P802.16e/D12 in the sections listed as follows:

2) Section 5.2, 
3) Section 6, 
4) Section 7, 
5) Section 8.4, 
6) Section 8.5,

7) Section 9, 

8) Section 10, and 

9) Section 11
3.1.1 Baseline MAC Overview

The proposed baseline MAC consists of three sublayers, packet convergence sublayer (PCS), MAC Common Part Sublayer (CPS), and Security Sublayer, as shown in Figure 1. 
The Packet Convergence Sublayer (PCS) is an enhanced version of the 802.16 packet convergence sublayer as defined in Section 5.2 in the 802.16 standard specifications, while the proposed enhancements are described in Section 3)3.2.1 of this document.   The proposed PCS provides any transformation or mapping of external network data, received through the PCS service access point (SAP), into MAC SDUs received by the MAC Common Part Sublayer (CPS) through the MAC SAP. This includes classifying external network service data units (SDUs) and associating them to the proper MAC service flow identifier (SFID) and connection identifier (CID). It may also include such functions as payload header suppression (PHS). 

The MAC Common Part Sublayer (MAC CPS) provides the core MAC functionality of system access, bandwidth allocation, connection establishment, and connection maintenance. It receives data from the packet convergence sublayer, through the MAC SAP, classified to particular MAC connections. QoS is applied to the transmission and scheduling of data over the PHY. 
3.1.2 Network Topology 
The proposed baseline MAC is desgined to support two-way Point-to-Point (PtP) and two-way Point-to-MultiPoint (PtMP) network topologies in broadband wireless access systems. 
3.1.3 Connection-Oriented MAC

The proposed baseline MAC is connection-oriented. For the purposes of mapping to services on subscribers (SSs) and associating varying levels of QoS, all data communications are in the context of a connection. The MAC connections are unidirectional. Each connection has a 16-bit connection ID (i.e., CID), used in MAC PDU Header. A connection’s QoS parameters are defined by associating with Service Flow, and a connection’s security paratemers are defined by associating with Security association. Connections can be dynamically created, changed, or deleted. 
The multiple access control schemes include:
10) TDM (Time Division Multiplexing): It applies to Downlink (DL) only. The BaseStation (BS) multiplexes the data packets destined to multiple SubScribers (SSs) into the same PHY burst in a time division manner.
11) TDMA (Time Division Multiple Access): It applies to both Downlink (DL) and Uplink (UL). In DL, the BS transmits the data destined to different SSs in different PHY bursts in the same MAC frame in a time division manner. In UL, the SSs are allocated the transmission opportunities in a time division manner.
12) OFDMA (Orthogonal Frequency Division Multiple Access): It applies to both Downlink (DL) and Uplink (UL). In DL, the BS transmits the data destined to different SSs in different subchannels of OFDMA symbols in a frequency division manner. In UL, the SSs are allocated the transmission opportunities in different subchannels of OFDMA symbols in a frequency division manner. 
The access to the shared medium, i.e., the air link, is basically contention-free, through a BS centralized scheduling mechanism. The BS scheduler uses DL-MAPs and UL-MAPs to specify who, when, how, and how long to access the air link. However, there is still a small portion of UL subframe that is scheduled by the BS scheduler for contention-based access for the new SSs to conduct network entry or for the existing SSs to send bandwidth requests if no unicast UL transmission opportunities are provided. The contention-based access is managed by collision detection and collision resolution algorithms.
3.1.4 MAC PDU Format
The MAC Protocol Data Unit (PDU) Format is shown in Figure 3. The fields of the MAC PDU are defined in Table 3.1 and Table 3.2.
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Figure 3 MAC PDU Format
Table 3.1 Generic MAC Header Data Fields
	name
	Size (bit)
	Description

	HT 
	1
	Header Type. Shall be set to zero for GMH.

	EC
	1
	Encryption Control: 0 = Payload is not encrypted; 1 = Payload is encrypted

	type
	6
	This field indicates the subheaders and special payload types present in the message payload.

	ESF
	1
	Extended subheader field. If ESF = 0, the extended subheader is absent. If ESF=1, the extended subheader is present and will follow the GMH immediately.

	CI
	1
	CRC Indicator

1 = CRC is included in the PDU by appending it to the PDU Payload after encryption, if any

0 = No CRC is included

	EKS
	2
	Encryption Key Sequence

	LEN
	11
	Length. The length in bytes of the MAC PDU including the MAC header and the CRC if present.

	CID
	16
	Connection identifier

	HCS
	8
	Header Check Sequence


Table 3.2  Signaling Header Data Fields
	name
	Size (bit)
	Description

	HT 
	1
	Header Type. Shall be set to one for signaling header.

	EC
	1
	Always set to zero

	Type
	3
	Indicate the type of signaling header

	Header Content
	19
	The content of the signaling header

	CID
	16
	Connection identifier

	HCS
	8
	Header Check Sequence


3.1.5 MAC Management Messages
A set of MAC Management messages are defined. These messages shall be carried in the Payload of the MAC PDU. All MAC Management messages begin with a Management Message Type field and may contain additional fields, as shown in Figure 4. MAC management messages can only be transmitted on the MAC management connections. For each SS, two management connections, basic connection and primary connection, are established at the network entry.
The MAC management messages have two type of information fields: Fixed fields and TLVs. A TLV is a triplet (type, length, value), e.g.  the TLV for uplink center frequency is (5, 4, f), where f is the frequency in KHz, 5 is type, and 4 is the length of f in bytes.

[image: image5.emf]MAC mgmt msg payload

mgmt 

msg 

HD

8 bits


Figure 4  MAC Management Format
3.1.6 QoS

The QoS mechanism of the proposed baseline MAC consists of three basic components: Service flow QoS scheduling services, Dynamic service establishment, and Two-phase activation model (i.e., admit first, then activate).
The service flow QOS Scheduling services represent the data handling mechanisms supported by the MAC scheduler for data transport on a connection. Each connection is associated with a single data service type. Each data service type is associated with a set of QoS parameters which quantify aspects of its behavior. There are five different data service types supported: Unsolicited Grant Service (UGS), Real-time Polling Service (rtPS), Extended rtPS, Non-real-time Polling Service (nrtPS), and Best Effort (BE).

A service flow is a MAC transport service that provides unidirectional transport of packets either to uplink packets transmitted by the SS or to downlink packets transmitted by the BS. The concept of a service flow on a connection is central to the operation of the MAC protocol. Service flows provide a mechanism for uplink and downlink QoS management. In particular, they are integral to the bandwidth allocation process. A service flow is characterized by a set of QoS Parameters. The QoS parameters include Minimum Reserved Traffic Rate, Minimum Tolerable Traffic Rate, Maximum Sustained Traffic Rate, Maximum Traffic Burst, Max Latency, Tolerated Jitter, Traffic Priority, Request/Transmission Policy. The service flow can be dynamically created, changed, and deleted.
Two-phase activation model is similar to the activation model which is often utilized in telephony applications. In the two-phase activation model, the resources for a “call” are first “admitted,” and then once the end-to-end negotiation is completed (e.g., called party’s gateway generates an “off-hook” event), the resources are “activated.” Such a two-phase model serves the purposes a) of conserving network resources until a complete end-to-end connection has been established, b) performing policy checks and admission control on resources as quickly as possible, and in particular, before informing the far end of a connection request, and c) preventing several potential theft-of-service scenarios.
3.1.7 Bandwidth Allocation and Request Mechanisms
Air link bandwidth is allocated to BS and SSs by the BS scheduler in the form of scheduled transmissions. Each scheduled transmission is defined by Who to transmit, When to transmit, How long to transmit, How to transmit. The bandwidth allocation is based on bandwidth requirements collected at the BS and the QoS parameters of the active service flows. Different schemes are used by the BS to collect bandwidth requirements for DL and UL. For DL, the BS is the only transmitter and it learns the DL bandwidth requirements of SSs from the DL traffic loads. 

For UL, the BS collects the bandwidth requirements of SSs from the received bandwidth requests or implicitly by the type of service flow, e.g., UGS or extended-rtPS. An SS requests UL bandwidth on a per connection basis, so that the BS knows the traffic composition from the SS. There are two types of BW requests: Incremental and aggregate. The incremental bandwidth request is to add the new request to the perception of the bandwidth needs; while the aggregate bandwidth request is to replace its perception of the bandwidth needs with the new requested quantity. The self-correcting nature of the request/grant protocol requires that SSs shall periodically use aggregate Bandwidth Requests. In other words, the bandwidth request/grant protocol does not contain any acknowledgement scheme, since all the bandwidth request/grant errors are handled by periodically using aggregate bandwidth requests.
Bandwidth is granted by the BS to an SS as an aggregate of grants in response to per connection requests from the SS. This is called bandwidth grants per Subscriber Station (GPSS). The GPSS allows the SS to react to the real-time QoS needs by re-distributing the granted UL bandwidth among its active connections. It also reduces the MAC control overhead by using less UL MAP entries comparing to the grant per connection.
3.1.8 RF Link Management

The uplink RF link management scheme is ranging that is a process of acquiring the correct timing offset, and PHY parameters, such as, Tx power level, frequency offset, etc. so that the SS can communicate with the BS correctly. With the ranging process, the BS performs measurements and feedbacks; while the SS performs necessary adjustments at its transmitter. There are two types of Ranging for Fixed Applications: Initial ranging and Periodic ranging. The initial ranging is used for a new SS to join the system. The Periodic ranging is also called maintenance ranging, and it is used to dynamically maintain the UL RF link quality during the normal operations.
The DL RF link management is through the DL burst profile management. It requires the SS to monitor the DL RF link quality and reports the measurements back to the BS. Either BS or SS can initiate the process of changing DL burst profile (modulation, coding, etc.) for the SS.
3.1.9 ARQ and HARQ

Two link layer error control mechanisms are proposed in the baseline MAC: ARQ (Automatic Repeat request) and HARQ (Hybrid ARQ). Both mechanisms can be enabled/disabled on a per connection basis.
With the ARQ scheme, the MAC SDU is logically partitioned into fixed-size blocks for allowing different MAC PDU sizes for the retransmissions. On a connection with ARQ enabled, all its MAC PDUs shall have 32-bit CRC that is used for the receiver side to verify the received MAC PDUs. The block sequence number of the first block in a MAC SDU or a MAC SDU fragment shall be contained in the MAC PDU subheaders. The block sequence numbers are used to detect MAC PDU missing and out of order errors. The ARQ enabled connection receiver side shall signal acknowledgments (positive or negative) to the transmitter side. The acknowledgement schemes include selective, cumulative, selective and cumulative, and cumulative with group entries.
With the HARQ scheme, the transmission and retransmission unit is the HARQ packet which is encoded according to the PHY specifications. There are two basic HARQ variants: Chase Combining (CC) and Incremental Redundancy (IR). 
3.1.10 MAC Supports of PHY

The Duplexing mode that is supported by the proposed MAC is TDD (Time Division Duplexing). With TDD, the uplink and downlink transmissions occur at different times and usually share the same frequency. A TDD MAC frame has a fixed duration and contains one downlink and one uplink subframe. The TDD framing is adaptive in that the bandwidth allocated to the downlink versus the uplink can vary. The split between uplink and downlink is a system parameter and is controlled at higher layers within the system.
Adaptive burst profiles (Modulation, coding, and other PHY parameters) on both DL and UL is supported by the proposed MAC. 
The proposed MAC supports the OFDMA PHY as defined in section 8.4 in the 802.16 specifications.  
3.1.11 Procedures of Shared Frequency Band Usage

The proposed baseline MAC contains a set of procedures for shared frequency band usage, which may be used to reduce interference to/from other systems or services; and/or to facilitate coexistence of systems; and/or to be compliant with the regulatory requirements.

The defined procedures include:

a) Testing channels for other users including specific spectrum users 

b) Discontinuing operations after detecting other users including specific spectrum users

c) Detecting other users including specific spectrum users 

d) Scheduling for channel testing 

e) Requesting and reporting of measurements

f) Selecting and advertising a new channel
3.1.12 Security Support

The Security support provides subscribers with privacy across the broadband wireless network. It does this by encrypting connections between SS and BS. In addition, security provides operators with strong protection from theft of service. The BS protects against unauthorized access to these data transport services by enforcing encryption of the associated service flows across the network. Privacy employs an authenticated client/server key management protocol in which the BS, the server, controls distribution of keying material to client SS. Additionally, the basic privacy mechanisms are strengthened by adding digital-certificate-based SS authentication to its key management protocol.

There are two component protocols as follows:

a) An encapsulation protocol for encrypting packet data across the BWA network. This protocol defines (1) a set of supported cryptographic suites, i.e., pairings of data encryption and authentication algorithms, and (2) the rules for applying those algorithms to a MAC PDU payload.

b) A key management protocol (PKM) providing the secure distribution of keying data from BS to SS. Through this key management protocol, SS and BS synchronize keying data; in addition, the BS uses the protocol to enforce conditional access to network services.

3.2 Suggested Enhancements
There are two suggested enhancements in this proposal for the MAC: the generic packet convergence sublayer and specific procedures for sharing 802.22 Frequency Band.
3.2.13 Generic Packet Convergence Sublayer

Instead of using the 802.16 service specific packet convergence sublayer as defined in section 5.2, we would like to propose a Generic packet CS, as shown in Figure 5.

[image: image6.emf]802.22 PHY

IPv4 

over 

22

802.22 MAC 

common part sublayer

Ethernet

over 22

abc 

over 

22

...

IP

Ethernet

abc 

...

Upper 

layers

802.22 

MAC

802.22 MAC GPCS

Multiple 

protocols over 

22

X Y Z

...

SAP

802.22 MAC 

security sublayer

802.22 

scope


Figure 5 Protocol Structure with the proposed Generic Packet Convergence Sublayer (GPCS)
4. Coexistence with Incumbent Services

A key component of Nextwave Broadband’s proposal is the inclusion of procedures for shared frequency band usage to 
a. Reduce interference to/from other systems or services; and/or

b. Facilitate coexistence of systems; and/or

c. Comply with applicable regulatory requirements.
These procedures include:

· Testing channels for other users including specific spectrum users 

· Discontinuing operations after detecting other users including specific spectrum users

· Detecting other users including specific spectrum users 

· Scheduling for channel testing 

· Requesting and reporting of measurements

· Selecting and advertising a new channel
The proposal is intended to be compliant with the requirements set forth in Sect. 15 of the IEEE 802.22 Functional Requirements Document to eliminate or mitigate interference on TV broadcasts and Part 74-licensed devices.
5. Expected Performance of Proposed Solution

Nextwave Broadband’s proposal will include performance metrics on spectral efficiency, achievable peak and average data rates for envisioned scenarios and a typical deployment scenario demonstrating expected cell dimensions and network layouts.   For the proposed PHY/MAC described in the previous sections, it is expected that system performance  can achieved as follows:
· Spectral Efficiency: up to 3 bps/Hz


Achieved through the use of spatial and time diversity techniques (MIMO/H-ARQ)
· Data rates: 15 Mbps (peak) in both directions (5 MHz)

Achieved through the use of high order modulation in moderate-to-good channel conditions (w. diversity). The effect of  a maximum CPE EIRP of 4 W (36 dBm) will naturally limit both the data rate and the cell size that can be achieved.  A key goal of the proposal will be to achieve graceful degradation towards cell edge.
· Range Extension through MIMO/Beamforming and Repeaters

Typical cell radii (in the order of < 10 Km) can be extended through the use of MIMO and/or Beamforming techniques as well as a distributed repeater architecture.  Because of the uplink limitation imposed by the CPE EIRP, it is expected that the base station will require significantly more sophisticated diversity techniques than at the CPE, which is envisioned to be designed for low-to-moderate cost
.
Diversity techniques can have a significant effect on throughput and coverage, as shown in Figures 6 and 7 for an 802.16d system (for fixed applications) [5].  For these results 3- and 6-sector cells are compared with frequency reuse factors of 1/1 and 1/3 using a frequency selective channel model as adopted in 3GPP.  For the proposed WRAN system, Nextwave Broadband intends to quantify the degree of improvement obtained by employing several diversity techniques to arrive at an effective compromise between cost and performance using applicable channel models as developed by the WRAN study group (i.e., IEEE802.22-05/0055r7).
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Figure 6  Percentage of cell area with data rates less than 1.5 Mbps
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Figure 7 Maximum throughput of Space-Time Coding/Spatial Multiplexing techniques with precoding
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Abstract


This document contains an outline of Nextwave Broadband’s WRAN proposal, which is intended to be fully compliant with the IEEE802.22 WRAN Functional Requirements Document (22-05-0007-0046-0000).














� Note that in Table 2.1, the over-sampling factor used is 8/7.  By setting the value to 1/8 of an OFDM


symbol, a maximum of 11.2 µs delay spread can be tolerated with an overhead of around 10%.





� A diversity scheme of four and two antennae at the BS and CPE, respectively, is envisioned to be quite feasible for this application by the time a WRAN system is deployed.
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