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Editor’s note - It has been noted that the current title is not completely aligned with the actual content of this working document towards a preliminary draft new Report. In fact, the document as it reads now includes radio interface standards for only one of the bands referred to in Resolution 646 (WRC-03).which includes the ranges 380-470 MHz in Region 1, 746-806 MHz and 806-869 MHz in region 2 and 406.1-430 MHz, 440-470 MHz and 806-824/851-869 MHz in Region 3. Contributions have been requested in order to address this issue.
Scope

This Report provides information on technologies that could be used in the range 746-806 MHz for public protection and disaster relief radiocommunications. 
1
Introduction

This Report provides information on standards that could be used for public protection and disaster relief operations in the range 746-806 MHz. These standards are composed of common specifications developed by standards development organizations (SDOs). Using this Report, manufacturers and operators should be able to determine the most suitable standards for their needs.

2
Relevant Recommendations and Reports

The existing Recommendations and Reports that are considered to be of importance in the development of this particular Report are as follows:

Draft new Recommendation ITU-R M.[LMS.PPDR.UHF] “Frequency arrangements for public protection and disaster relief operations in UHF bands in accordance with Resolution 646 (WRC-03)”.

Report ITU-R M.2033 – “Radiocommunication objectives and requirements for public protection and disaster relief”.

Report ITU-R M.2014 – “Digital land mobile systems for dispatch traffic”.

3
Acronyms and abbreviations

PPDR – public protection and disaster relief.

4
PPDR requirements

PPDR is defined in Resolution 646 (WRC-03) through a combination of the terms “public protection radiocommunication” and “disaster relief radiocommunication”. The first term refers to radiocommunications used by responsible agencies and organizations dealing with maintenance of law and order, protection of life and property and emergency situations, and the second term refers to radiocommunications used by agencies and organizations dealing with a serious disruption of the functioning of society, posing a significant widespread threat to human life, health, property or the environment, whether caused by accident, natural phenomena or human activity, and whether developing suddenly or as a result of complex, long-term processes.

In addition, Resolution 646 and Report ITU-R M.2033 describe a range of requirements for PPDR. It is recognized that there is a need for narrow-band, wideband and broadband applications, and Resolution 646 and Report ITU-R M.2033 provide general definitions of these terms applicable for PPDR. It is recognized, however, that other definitions of these terms exist in other ITU texts (such as Recommendation ITU-R F.1399) or in the rules of various individual administrations. As a result, the terms are defined in the Annexes to this Report in a manner appropriate for how they are used within this Report.

PPDR requirements from a user perspective are described in detail in Report ITU-R M.2033, specifically in Section 3.2 of Annex 1. These user requirements include priority access, grade of service/quality of service, coverage, a variety of capabilities (including push-to-talk, fast call set-up, hardened equipment that is capable of operating in harsh environments, interconnection to the PSTN, one touch broadcasting/group call capabilities), secure communications, interoperability and regulatory compliance. It is noted that individual administrations or PPDR organizations may have their own requirements for PPDR that go beyond those described herein, and that each standard would need to be evaluated on a case-by-case basis against those requirements.
A
Key capabilities of broadband systems relevant to PPDR organizations 

–
Advanced broadband data capabilities. Broadband data capability enables a broad range of applications. These basic capabilities allow end-users to retrieve information from databases, send information to central locations, such as control centres, and exchange information with other users in their own group or in other user groups. In addition, messaging services offered by SMS, EMS and MMS range from simple text messages to multimedia including transmission of pictures and photos, which is very effective in property protection and recovery operations. With MMS, real-time video transmission also is possible. Real-time video can be an efficient way for public safety users to communicate between the scene of an accident and central locations such as control centres and hospitals.

–
Interoperability. Open standards-based technology allows any manufacturer to provide equipment interoperable with equipment from any other manufacturer.

–
Economies of scale. As standard based technologies designed for carrier class commercial deployment are also used, economies of scale can be achieved. In addition to commercial off-the-shelf equipment, specialized PPDR devices or features required by some PPDR entities can be accommodated with modifications to commercial products and designs.

–
IP-based services. Fully compatible with IP-based services. 

–
Push-to-talk. This function allows predefined groups of users to communicate over a packet channel by pressing a special key when the network is not available. 

–
Location-based services. Advanced technology solutions built into handsets and networks and often utilizing satellite signals such as GPS, can enable public safety officials to accurately locate an emergency situation or track a secure shipment. Advanced methods of location measurements from both satellite constellations and the terrestrial infrastructure are capable of sending information that can compute a device’s position and relay it back to a requesting entity.

–
Encryption. Encryption of voice and data can be provided in several ways, such as over the radio interface, which is standard in different network technologies, or between network equipment. End-to-end encryption of voice can be supported by special terminals or by carrying voice over an encrypted data channel.

–
Prioritization (in protocol level) of public safety services over commercial services in case of emergency. 

B
Key capabilities of narrow-band systems relevant to PPDR organizations 

–
Effective, efficient, and reliable intra-agency and inter-agency communications so organizations can easily implement interoperable and seamless joint communication in both routine and emergency circumstances.

–
Competition in system life cycle procurements so agencies can choose from multiple vendors and products, ultimately saving money and gaining the freedom to select from the widest range of equipment and features.
–
User-friendly equipment so users can take full advantage of their radios’ lifesaving capabilities on the job – even under adverse conditions – with minimal training.
–
Radio spectrum efficiency so networks will have enough capacity to handle calls and allow room for growth, even in areas where the spectrum is crowded and it is difficult for agencies to obtain licenses for additional radio frequencies.
–
System designs that provide effective and efficient one-to-many communications throughout a PPDR organization’s coverage area, reconfiguration of dispatch talk groups, as well as specialized communications configurations at an incident scene when required.

5
Radio interface standards that could be used for PPDR in the range 746-806 MHz 

Annex 1 to this Report provides information on broadband standards that could be used for PPDR operations in the range 746-806 MHz in Region 2 and some countries in Region 3. Annex 2 to this Report provides information on narrow-band standards that could be used for PPDR operations in the range 746-806 MHz in Region 2 and some countries in Region 3. References are provided to ITU texts which contain more detailed descriptions of these standards and their capabilities. It is recognized that these standards may not fulfil all the user requirements described in Section 4, and that each administration and its PPDR organizations will have to analyse the information and determine which standard is most appropriate for their purposes.

Annex 1

[Part of Annex 5 to Document 5A/601]

Descriptions of radio interface standards that could be used for broadband
 public protection and disaster relief operations in the 746-806 MHz band 
in Region 2 and some countries in Region 3

1
Technology “A”
Technology “A” corresponding to the IMT-2000 CDMA-MC technology is developed within 3GPP2 (3rd Generation Partnership Project 2). A full description is available in Annex 2 of Recommendation ITU-R M.1801. For additional information, also see § 5.2 of Recommendation ITU R M.1457. 

2
Technology “B”
Technology “B” corresponding to IMT-2000 CDMA-DS is developed within 3GPP (3rd Generation Partnership Project). A full description is available in Annex 2 of Recommendation ITU-R M.1801. For additional information, also see § 5.1 of Recommendation ITU R M.1457. 

3
Technology “C”
Technology “C” corresponding to OFDMA TDD WMAN is developed within the IEEE. A full description is available in Annex 2 of Recommendation ITU-R M.1801. For additional information, also see § 5.6 of Recommendation ITU R M.1457. 
4
Technology “D”
Technology “D” corresponding to TDMA-SC is developed within the 3GPP (3rd Generation Partnership Project). A full description is available in Annex 2 of Recommendation ITU-R M.1801. For additional information, also see § 5.4 of Recommendation ITU R M.1457. 

5
Technology “E”
Technology “E” corresponding to IMT-2000 CDMA TDD technology is developed within 3GPP (3rd Generation Partnership Project). This radio interface is called the Universal Terrestrial Radio Access (UTRA) time division duplex (TDD), where three options, called 1.28 Mchip/s TDD, 3.84 Mchip/s TDD and 7.68 Mchip/s can be distinguished. A full description is available in Annex 2 of Recommendation ITU-R M.1801. For additional information, also see § 5.3 of Recommendation ITU-R M.1457. 

6
Technology “F”
Technology “F” corresponding to E-UTRA (LTE) technology is developed within 3GPP (3rd generation partnership project).  This radio interface is called the evolved universal terrestrial radio access (E-UTRA) also referred to as the 3GPP work item on the long-term evolution (LTE). LTE supports scalable carrier bandwidths, from 20 MHz down to 1.4 MHz and supports both frequency division duplexing (FDD) and TDD. For additional information, see § 5.1 and § 5.3 of Recommendation ITU-R M.1457.  

7
Additional information
The following sub-sections provide examples of frequency arrangements and associated technologies for the bands 758 to 768 MHz and 788 to 798 MHz in Region 2 for broadband PPDR.
7.1
Example frequency arrangement “A” for Technology A
This frequency arrangement uses paired frequencies with base station transmitters in the frequency band 758-768 MHz and mobile station transmitters in the frequency band 788-798 MHz. Certain channels have also been identified for interoperability purposes. The arrangement includes only wideband channels for public protection and disaster relief operations with two channelling plans (“A1” and “A2”).

For systems corresponding to frequency arrangement “A1”, a total of 200 channels are defined. Each channel raster is 50 kHz wide, while the carrier bandwidth of the technology is 1.25 MHz, composed of 25 50 kHz channels. The centre frequencies for channelling plan “A1” are defined in Table A-1 below, where n is the channel number:

Table A-1 

Channel raster for frequency arrangement A1
	Transmitter
	Channel
number
	Centre frequency for
channel (MHz)

	Access terminal
	20 ≤ n < 220
	787.000 + 0.050 n1

	Access network
	20 ≤ n < 220
	757.000 + 0.050 n

	1
For example, for channel number 45, the centre frequency of the 50 kHz wide channel is 757 + 0.05 ( 45 = 759.25 MHz (access network) and 787 + 0.05(45 = 789.25 MHz (access terminal).


Table A-2 shows the valid, invalid and, conditionally valid channels for the “PPDR A” and PPDR broadband blocks. The transmit frequency band is composed of the centre frequencies of the relevant valid channels. For example, for PPDR A the transmit frequency band 789.250‑791.750 MHz (access terminal) corresponds to the centre frequencies of channel numbers 45 and 95 respectively.
Table A-2 

Possible channels for different channel bandwidths for frequency arrangement A1

	Block
designator
	Channel validity1
	Channel
number
	Transmit frequency band (MHz)

	
	
	
	Access terminal
	Access network

	PPDR A
(5 MHz)
	Not valid
Valid
Cond. valid
	20-44
45-95
96-119
	788.000-789.200
789.250-791.750
791.800-792.950
	758.000-759.200
759.250-761.750
761.800-762.950

	PPDR B broadband
(5 MHz)
	Cond. valid
Valid
Not valid
	120-144
145-195
196-219
	793.000-794.200
794.250-796.750
796.800-797.950
	763.000-764.200
764.250-766.750
766.800-767.950

	1
Channel validity based on 1.25 MHz bandwidth. Different bandwidths would imply different valid channels. Note that certain channel assignments are not valid and others are conditionally valid. Transmission on “conditionally valid channels” is permissible if the adjacent block is allocated to the same licensee or if other valid authorization has been obtained.


For channelling plan “A2”, the centre frequencies of the channels are defined in Table A-3 below, where n is the channel number. Each channel raster is 50 kHz wide, while the carrier bandwidth of the technology is 1.25 MHz, composed of 25 50 kHz channels.

Table A-3 

Channel raster for frequency arrangement A2
	Transmitter
	Channel
number
	Centre frequency for
channel (MHz)

	Access terminal
	8 192 ≤ i1 < 8 432
	787.0384 +( (((0.050 
(i – 8 192))/0.0096) + 0.5( ( 0.0096)

	Access network
	0 ≤ n < 240
	757.0384 +( (((0.050 n)/0.0096) 
+ 0.5( ( 0.0096)

	1
i = n + 8 192, where n is the access network channel number.


Table A-4 

Possible channels for different channel bandwidths for frequency arrangement A2
	Block
designator
	Channel validity1
	Centre frequency carrier channel
number
	Centre frequency and transmit frequency band (MHz)

	
	
	
	Access terminal
	Access network

	PPDR A
(5 MHz)
	Preferred
	45
	789.293

(788.668-789.918)
	759.293

(758.668-759.918)

	
	
	70
	790.543

(789.918-791.168)
	760.543

(759.918-761.168)

	
	
	95
	791.793

(791.168-792.418)
	761.793

(761.168-762.418)

	PPDR B broadband
(5 MHz)
	Preferred
	120
	793.043

(792.418-793.668)
	763.043

(762.418-763.668)

	
	
	145
	794.293
(793.668-794.918)
	764.293
(763.668-764.918)

	
	
	170
	795.543
(794.918-796.168)
	765.543
(764.918-766.168)

	
	
	195
	796.793
(796.168-797.418)
	766.793
(766.168-767.418)

	1
Channel validity based on 1.25 MHz bandwidth. Different bandwidths would imply different preferred set channels.


Interoperability channels provide for coordination of tactical communications between different PPDR agencies or within the same PPDR agency, or for other similar emergency communications. 

The following wideband paired channels have been identified as PPDR interoperability channels only, in support of the associated designation.
	Interoperability channel number1

	45, 70, 95, 120, 145, 170

	[1]
For channelling plan “A2”, these channel numbers specify the base station transmit channels. For base station transmit channel n, the corresponding mobile station transmit channel is 8 192 + n.


7.2
Example frequency arrangement “B” for Technology F (FDD)

This broadband frequency arrangement uses paired frequencies with base station transmitters in the frequency band 758-768 MHz and mobile station transmitters in the frequency band 788-798 MHz
. 

For systems corresponding to frequency arrangement “B”, the complete channel raster (all possible channel centre frequencies) is given in Table B-1, where n is the channel number. Table B-2 gives the valid channels for the specified channel bandwidths (1.4 MHz, 3 MHz, 5 MHz and 10 MHz).

Table B-1 

Channel raster for frequency arrangement B
	Transmitter
	Channel
number
	Centre frequency for
channel (MHz)

	Mobile station
	18 280 ≤ n ≤ 18 379
	788.000 + 0.1(n − 18 280)

	Base station
	5 280 ≤ n ≤ 5 379
	758.000 + 0.1(n − 5 280)


Table B-2 

Possible channels for different channel bandwidths for frequency arrangement B

	Block
designator
	Bandwidth
(MHz)
	Channel validity1
	Base station
	Mobile station

	
	
	
	Channel number 
	Channel number

	PPDR A
(5 MHz)
	1.4
	Not valid
	5 280-5 286, 5 337-5 379
	18 280-18 286, 18 337-18 379

	
	
	Valid
	5 287-5 323
	18 287-18 323

	
	
	Cond. valid
	5 324-5 336
	18 324-18 336

	
	3
	Not valid
	5 280-5 294, 5 345-5 379
	18 280-18 294, 18 345-18 379

	
	
	Valid
	5 295-5 315
	18 295-18 315

	
	
	Cond. valid
	5 316-5 344
	18 316-18 344

	
	5
	Not valid
	5 280-5 304, 5 355-5 379
	18 280-18 304, 18 355-18 379

	
	
	Valid
	5 305
	18 305

	
	
	Cond. valid
	5 306-5 354
	18 306-18 354

	PPDR B  broadband
(5 MHz)
	1.4
	Not valid
	5 280-5 323, 5 374-5 379
	18 280-18 323, 18 374-18 379

	
	
	Valid
	5 324-5 336
	18 324-18 336

	
	
	Cond. valid
	5 337-5 373
	18 337-18 373

	
	3
	Not valid
	5 280-5 315, 5 366-5 379
	18 280-18 315, 18 366-18 379

	
	
	Valid
	5 345-5 365
	18 345-18 365

	
	
	Cond. valid
	5 316-5 344
	18 316-18 344

	
	5
	Not valid
	5 280-5 305, 5 356-5 379
	18 280-18 305, 18 356-18 379

	
	
	Valid
	5 355
	18 355

	
	
	Cond. valid
	5 306-5 354
	18 306-18 354

	Joint block

(10 MHz)
	10
	Not valid
	5 280-5 329, 5 331-5 379
	18 280-18 329, 18 331-18 379

	
	
	Valid
	5 330
	18 330

	1
Different bandwidths imply different valid channels. Note that certain channel assignments are not valid and others are conditionally valid. Transmission on “conditionally valid channels” is permissible if the adjacent block is assigned to the same licensee or if other valid authorization has been obtained.


7.3
Example frequency arrangement “C” for Technology C (FDD)

This broadband frequency arrangement uses paired frequencies with base station transmitters in the frequency band 758-768 MHz and mobile station transmitters in the frequency band 788-798 MHz as detailed in Table C-1
. 

Table C-1

Band Class Group (BCG) information for different channel bandwidths of technology C
	Band Class Group (BCG)
	Frequency range UL (MHz)
	Frequency range DL (MHz)
	Channel bandwidth (MHz)
	Duplex mode
	Comments

	7.C
	788-793, 
793-798
	758-763, 
763-768
	2x5
	FDD
	The bandwidths are applicable to both the MS and BS.

	7.D
	788-798
	758-768
	2x10
	FDD
	


Table C-2 specifies the channel raster corresponding to the Band Class groups of Table C-1. More specifically, Table C-2 provides the set of RF channel centre frequency numbers for the Band Class Groups. From Table C-2, the RF channel centre frequencies can be derived as a function of RF channel centre frequency numbers using the following equation.
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Table C-2

RF channel centre frequency numbers for the band class groups in Table C-1

	Band class group
	Channel BW (MHz)
	Frequency range (MHz)
	RF channel centre frequency number set

	
	
	Uplink 
	Downlink
	Uplink
	Downlink

	7.C
	2x5
	788-793, 793-798
	758-763, 763-768
	(15 810, 15 910, 2)
(15 910, 15 910, 2)
	(15 210, 15 310, 2)
(15 310, 15 310, 2)

	7.D
	2x10
	788-798
	758-768
	(15 910, 15 910, 2)
	(15 310, 15 310, 2)


Annex 2
[Part of Annex 5 to Document 5A/601]

Description of radio interface standards that could be used for narrow-band
 
public protection and disaster relief operations in the 746-806 MHz band 
in Region 2 and some countries in Region 3

1
Technology “A”
Technology “A” corresponds to Project 25. 

2
Origin

Recognizing the need for common standards for first responders and homeland security/emergency response professionals, representatives from the Association of Public Safety Communications Officials International (APCO), the National Association of State Telecommunications Directors (NASTD), selected federal agencies and the National Communications System (NCS) established Project 25, a steering committee for selecting voluntary common system standards for digital public safety radio communications. TIA TR-8 facilitates such work through its role as an ANSI-accredited Standards Development Organization (SDO) and has developed in TR-8 the 102 series of technical documents. 

3
Description

Interoperability among first responders is a key initiative of many countries. Project 25 (“P25”) subscriber equipment can communicate in analogue mode with legacy radios and in either digital or analogue mode with other P25 radios. The deployment of P25-compliant systems allows a high degree of equipment interoperability, compatibility and economy of scale. 
Project 25-compliant technology is being deployed in several phases. Phase I FDMA P25-compliant products and systems provide a full suite of standardized conventional and trunked radio services and facility specifications. A rigorous compliance assessment programme will ensure that any manufacturer’s compliant subscriber radio has access to the services described in such specifications. Abilities include backward compatibility and interoperability with other systems across system boundaries, regardless of system infrastructure. In addition, the P25 suite of standards provides an open interface to the radio frequency (RF) subsystem to facilitate interlinking of different vendors’ systems.

P25 Phase II implementation involves time and frequency modulation schemes (e.g. TDMA and FDMA), with the goal of improved spectrum utilization. Significant attention is also paid to interoperability with legacy equipment, interfacing between repeaters and other subsystems, roaming capacity and spectral efficiency/channel reuse. 

In addition, Phase II work involves console interfacing between repeaters and other subsystems, and man-machine interfaces for console operators, which would facilitate centralized training, equipment transitions and personnel movement.
4
Additional information

4.1
Technical and operational characteristics
More information on the technical and operational characteristics of Project 25 can be found in Report ITU-R M.2014 and Volume 3 of the Land Mobile Handbook. 
4.2
PPDR band 769-775/799-805 MHz
Project 25 technology has been adopted by some administrations in Region 2 as the narrow-band interoperability standard for the 700 MHz (746-806 MHz) public safety band. In particular, the band 769-775/799-805 MHz is used for PPDR applications that provide narrow-band voice and low-speed data services.
Within the narrow-band frequency block, Project 25 is mandated for the following narrow-band paired channels that have been identified as PPDR interoperability channels only, in support of the associated designation
.

	Narrow-band interoperability channel pairing

	Base/mobile
	to
	Base/mobile
	Designation
	
	Base/mobile
	to
	Base/mobile
	Designation

	23/983
	to
	24/984
	Interoperability
(I/O)
	
	641/1 601
	to
	642/1 602
	I/O

	39/999
	to
	40/1 000
	I/O Calling
	
	657/1 617
	to
	658/1 618
	I/O

	63/1 023
	to
	64/1 024
	I/O
	
	681/1 641
	to
	682/1 642
	I/O Calling

	79/1 039
	to
	80/1 040
	I/O
	
	697/1 657
	to
	698/1 658
	I/O

	103/1 063
	to
	104/1 064
	I/O
	
	721/1 681
	to
	722/1 682
	I/O

	119/1 079
	to
	120/1 080
	I/O
	
	737/1 697
	to
	738/1 698
	I/O

	143/1 103
	to
	144/1 104
	I/O
	
	761/1 721
	to
	762/1 722
	I/O

	159/1 119
	to
	160/1 120
	I/O
	
	777/1 737
	to
	778/1 738
	I/O

	183/1 143
	to
	184/1 144
	I/O
	
	801/1 761
	to
	802/1 762
	I/O

	199/1 159
	to
	200/1 160
	I/O
	
	817/1 777
	to
	818/1 778
	I/O

	223/1 183
	to
	224/1 184
	I/O
	
	841/1 801
	to
	842/1 802
	I/O

	239/1 199
	to
	240/1 200
	I/O
	
	857/1 817
	to
	858/1 818
	I/O

	263/1 223
	to
	264/1 224
	I/O
	
	881/1 841
	to
	882/1 842
	I/O

	279/1 239
	to
	280/1 240
	I/O
Low-speed data
	
	897/1 857
	to
	898/1 858
	I/O

	303/1 263
	to
	304/1 264
	I/O
	
	921/1 881
	to
	922/1 882
	I/O
Low-speed data

	319/1 279
	to
	320/1 280
	I/O
	
	937/1 897
	to
	938/1 898
	I/O


These channel numbers correspond to the channelling arrangement of the narrow-band frequency block. Narrow-band channels are based on a 6.25 kHz grid for a total of 1 920 6.25 kHz channels
. The frequencies corresponding to the lower and upper band edge of the channel number are defined by the following formulas, where n is the channel number:
	Channel number
	Lower channel edge (MHz)
	Upper channel edge (MHz)

	n = 1 to 960
	fn = 769.0 + (0.00625) ( (n − 1)
	fn = 769.0 + (0.00625) ( (n)

	n = 961 to 1 920
	fn = 799.0 + (0.00625) ( (n − 961)
	fn = 799.0 + (0.00625) ( (n − 960)


�	The use of the term “broadband” in this Annex means indicative data rates in the order of 1�100 Mbit/s with channel bandwidths dependent on the use of spectrally efficient technologies (from Resolution 646 (WRC�03) and Report ITU�R M.2033). It is recognized that other definitions of this term exist in other ITU texts (such as Recommendation ITU�R F.1399) or in the rules of various administrations. 


�	Editorial note: This information for E-UTRA is taken from 3GPP TS 36.101 V8.2.0 (2008-05) (“3rd generation partnership project; technical specification group radio access network; evolved universal terrestrial radio access (E-UTRA); user equipment (UE) radio transmission and reception (Release 8)”).


�	Editorial note: This information is taken from WiMAX Forum mobile radio specification �(“WMF-T23-005-R015v04”).


�	In the context of PPDR, narrow-band is defined in Resolution 646 (WRC�03) as “supporting voice and low data-rate applications, typically in channel bandwidths of 25 kHz or less”.


�	Interoperability channels provide for coordination of tactical communications between different PPDR agencies or among the same PPDR agency, or for other similar emergency communications.


�	Channel aggregation of contiguous channels into 12.5 kHz or 25 kHz wide channels is allowed. Narrow-band channels may also be consolidated into wider channels of 50 to 150 kHz. The latter, however, requires a limited waiver process in some administrations.
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