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The purpose of this ECC Report is to give support on the possible updating of ECC Decision (15)05 and present results for the technical compatibility studies related to the Private Mobile Radio in the 446-446.2 MHz (PMR 446): 
[followed by the results in bullet points]
In this ECC Report, there are studies for in-band compatibility between… [and also adjacent-band compatibility with…]
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LIST OF ABBREVIATIONS - see A3.2.3

	Abbreviation	Comment by Mincsovics Kornél: The table should be without any borders!
	Explanation (style: ECC Table Header red font)

	BER
	Bit Error Rate

	Cat
	Cathegory

	CEPT
	European Conference of Postal and Telecommunications Administrations

	Ch
	Channel

	Ch.sep
	Channel spearation

	DTM
	Digital Terrain Model

	ECC
	Electronic Communications Committee

	ERC
	European Radiocommunications Committee

	ETSI
	European Telecommunciations Standards Institute

	ETSI EN
	ETSI Harmonised Standards 

	ETSI TS
	ETSI Technical Specifications

	PTT
	Push-to-Talk

	RBw
	Receiver Bandwidth

	Rx
	Receiver

	SENS
	Sensitivity

	SINAD
	Signal-to-Noise And Distortion ratio

	Tx
	Transmitter

	<abbrev>
	<explanation – edit the table as necessary>

	
	

	
	

	
	

	
	


[bookmark: _Toc380056497][bookmark: _Toc380059748][bookmark: _Toc380059785][bookmark: _Toc396153636][bookmark: _Toc396383863][bookmark: _Toc396917296][bookmark: _Toc396917345][bookmark: _Toc396917407][bookmark: _Toc396917460][bookmark: _Toc396917627][bookmark: _Toc396917642][bookmark: _Toc396917747][bookmark: _Toc180578380]Introduction
PMR 446 has shown to be a widely used communication technology used license exempt by many citizens through the European Union. Applications vary from motorcycle intercom systems and other personal communication applications to semi professional use at, for example, building sites.	Comment by Mincsovics Kornél: Use consequently "PMR 446" in line with the ECC/DEC/(15)05.
/neither  written together nor with hyphen/
and as already appear in the other parts of this Report 
The PMR ecosystem has always been very strict in its technical requirements such as the mandatory integral antenna and relatively low power. For this reason PMR 446 has been successful for the current set of applications. The introduction of digital modulation at a later stage and more robust receivers has been part of this success. Regulation is in ECC Decision (15)05 approved in 2015 and amended in 2018
The discussions in SRD/MG and WGFM suggested to increase the power of PMR 446 and abandon the mandatory integral antenna to make PMR 446 also suitable for citizen communication in situations of distress were the normal cellular networks would be not available or overloaded. It should be noted that density of population in the EU varies a lot and the 500 mW ERP limitation is not always suitable for this. To give PMR 446 a little more headroom it was suggested to increase the power to 1 W ERP without integral antenna limitation.	Comment by Mincsovics Kornél: In the future we should eliminate the exact meeting number (not relevant).
WGFM decided to increase power to 1 W but not to abandon the integral antenna requirement if a study proves this has no or little effect on the current ecosystem. It was also explained the licence exempt status of PMR 446 will not change due to the power increased power and changed usage.
WGSE was requested to initiate a study of which the results are presented in this report.	Comment by Mincsovics Kornél: Made a comment from this  this sentence. No need in the Introduction part.
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	Term
	Definition

	ECC Table text
	ECC Table text

	ECC Table text
	ECC Table text

	ECC Table text
	ECC Table text

	
	

	


[bookmark: _Toc180578382][bookmark: _Toc380056499][bookmark: _Toc380059750][bookmark: _Toc380059787][bookmark: _Toc396153638][bookmark: _Toc396383865][bookmark: _Toc396917298][bookmark: _Toc396917347][bookmark: _Toc396917409][bookmark: _Toc396917462][bookmark: _Toc396917629][bookmark: _Toc396917644][bookmark: _Toc396917749][bookmark: _Toc76450126]PMR 446 technical parameters
Note on chapter content
This chapter gives overview of technical and operational parameters of PMR 446 equipment relevant for the technical studies. For e.g. it could contain channel arrangements, Tx parameters, Rx parameters, protection thresholds, acceptable data loss. As report should study impact of PMR 446 power increase, technical parameters should present parameters of standard PMR 446 and PMR 446 with increased power.
Sources: SE7(24)005R1, SE7 discussions
PMR 446 equipment is hand portable (no base station or repeater use); short range peer to peer mode; uses integral antennas only; effective radiated power not exceeding 500 mW and angle modulated.
[bookmark: _Toc180578383]Frequency range and channel plan
The band from 446.0 MHz to 446.2 MHz is designated for the use of analogue PMR 446 with a channel plan based on 12.5 kHz spacing where the lowest carrier frequency is 446.00625 MHz. 
The band from 446.0 MHz to 446.2 MHz is designated for the use of digital PMR 446 with a channel plan based on 6.25 kHz and 12.5 kHz spacing where the lowest carrier frequencies are 446.003125 MHz and 446.00625 MHz respectively as of 1 January 2018.
[image: ]
Figure 1: PMR 446 channel arrangement in the frequency band 446.0 – 446.2 MHz


[bookmark: _Toc180578384]Parameters of existing PMR 446 terminals
These characteristics are extracted from ETSI documents, particularly EN 303 405 v.1.1.1 [2].
Table 1: Tx parameters
	Parameter 
	Value
	Source

	Frequency band
	446.0 – 446.2
	ECC/DEC/(15)05 [1]

	Channel separation / spacing
	6.25 kHz – 32 channels
12.5 kHz – 16 channels
	ETSI EN 303 405 v.1.1.1 [2] - Ch. 7.1.3

	Operation
	simplex handheld
	

	Modulation
	4FSK
	ETSI TS 102 490 [4]; ETSI TS 102 361-1 [5]

	Private codes
	Analogue – 219 codes
Digital 64 colour codes
	

	Effective radiated power (e.r.p.)
	500 mW
	ETSI EN 303 405 v.1.1.1 [2]
- Ch. 7.2.3

	Antenna Height
	1.5 m
	

	Adjacent channel power
	max({60,0 dB below the transmitter carrier power,  RBw 100 Hz}, 0.20µW)
	ETSI EN 303 405 v.1.1.1 [2]
- Ch. 7.4.3

	Alternate channel power
	max({70,0 dB below the carrier power, RBw 100 Hz}, 0.20µW)
	ETSI EN 303 405 v.1.1.1 [2]
- Ch. 7.4.3

	Unwanted emissions in the spurious domain
	See Table 2
	ETSI EN 303 405 v.1.1.1 [2]
- Ch. 7.5.3

	Maximum Tx time 
	< 180 s
	ETSI EN 303 405 v.1.1.1 [2]
- Ch. 7.7.3



Table 2: Unwanted emissions in the spurious domain [2]
	Frequency offset from carrier
	Value (dBm)
	RBW (kHz)

	250% of the CSP – 100 kHz
	-36
	1kHz

	100 – 500 kHz
	-36
	10 kHz

	500 kHz – 5 MHz
	-36
	100 kHz





Table 3: Rx parameters
	Parameter 
	Value
	Source

	Frequency band
	446.0 – 446.2
	ECC/DEC/(15)05 [1]

	Channel separation / spacing
	6.25 kHz – 32 channels
12.5 kHz – 16 channels
	ETSI EN 303 405 v.1.1.1 [2] - Ch. 7.1.3

	Operation
	simplex handheld
	

	Modulation
	4FSK
	ETSI TS 102 490 [4]
ETSI TS 102 361-1 [5]

	Private codes
	Analogue – 219 codes
Digital 64 colour codes
	

	Antenna Height
	1.5 m
	

	Average usable sensitivity
analogue
	Cat A & D:  31.5 dB uV/m 
for SINAD ratio of 20 dB

Cat B & C:  26.5 dB uV/m 
for SINAD ratio of 20 dB

(note 1)
	ETSI EN 303 405 v.1.1.1 [2] - Ch. 8.1.3.1

	Average usable sensitivity
digital
	26 dB uV/m (4800 bits/s)
for BER 10-2

29 dB uV/m (9600 bits/s)
for BER 10-2
	ETSI EN 303 405 v.1.1.1 [2] - Ch. 8.1.3.2

	Co-channel rejection
	(SENS - 12.0 dB) to SENS (Ch.sep 12.5 kHz - analogue and digital).

(SENS - 15.0 dB) to SENS for BER 10-2 (Ch.sep. 6.25 kHz - digital, 4 800 bits per second).
	ETSI EN 303 405 v.1.1.1 [2] - Ch. 8.3.3.

	Adjacent channel selectivity
	60 dB for Ch.sep 12.5 kHz

50 dB for Ch.sep 6.25 kHz
	ETSI EN 303 405 v.1.1.1 [2]  - Ch. 8.4

	Spurious response rejection
	70 dB
	ETSI EN 303 405 v.1.1.1 [2] - Ch. 8.5

	CoChannel protection requirement

C/N+I
	12 dB 
(for Ch.sep 12.5 kHz)

15 dB 
(for Ch.sep 6.25 kHz)
	ETSI EN 303 405 v.1.1.1 [2]  - Ch. 8.3

	Note 1:
Category A: equipment having an integral antenna fully within the case. 
Category B: equipment having an extractable or fixed integral antenna, with an antenna length not exceeding 20 cm external to the case.
Category C: equipment having an extractable or fixed integral antenna, with an antenna length exceeding 20 cm external to the case. 
Category D: equipment not covered by category A, B or C.


As defined in ECC/DEC/(15)05 [i.6] [1] all analogue and digital PMR 446 radio equipment should have reception capability and equipment having Push-To-Talk (PTT) functionality capable of being latched 'on' should apply a 180 seconds maximum transmitter time-out; equipment having no Push-To-Talk (PTT) functionality should apply a 180 seconds maximum transmitter time-out and VOX (Voice activation exchange) control.
[bookmark: _Toc180578385]Parameters of PMR 446 terminals with increased e.r.p. under consideration
Characteristics of PMR 446 terminals with increased e.r.p. are similar to the characteristics of existing terminals described in the previous section, with the exception of an e.r.p. of 1 W.




[bookmark: _Toc180578386]Methodology to calculate capacity of PMR 446
Note on chapter content
As WG FM indicated that of particular interest is to show how the overall capacity of PMR 446 in an observed area may change depending on partial use of PMR 446 equipment with increased power. This chapter could present methodology of calculating overall capacity of PMR 446 and how to estimate capacity / data loss. 

Sources: SE7(24)005R1, SE7 discussons
[bookmark: _Toc180578387]Worst case MCL calculation
The purpose is to compare the separation distance between two 0.5 W terminals with the separation distance between two 1 W terminals.

[bookmark: _Toc180578388]Statistical analysis with SEAMCAT
The purpose is, given a probability of interference of 5%, to calculate a number of users, in a particular area. The capacity can be calculated e.g. as No.Users / (km2*ch) for easier comparison of different scenarios results.



[bookmark: _Toc180578389]Simulation scenarios
Note on chapter content
This chapter gives presentation of simulation scenarios used in the studies presented in the Report. For e.g. it could contain use cases with different mix of PMR 446 and PMR 446 with increased power, co-existence scenarios of PMR 446 with normal and increased power, coverage and simulation radius, propagation models for wanted and interference links, consideration of various local environments. 
[bookmark: _Toc180578390]Statistical analysis with SEAMCAT
[bookmark: _Toc180578391]Environments
Urban (1 km2), sub-urban (4 km2) and rural environments (25 km2) are considered, as well as DTM if available.
[bookmark: _Toc180578392]Propagation model
Preferably Okumura-Hata (EHata), if needed possible to consider ITU-R Recommendation P.452 with ITU-R Recommendation P.2108, or ITU-R Recommendation P.1411.
[bookmark: _Toc180578393]Groups of users
’Pairs of users, small groups of 5 users and large groups of 10 users

[bookmark: _Toc180578394]PMR 446 evolution (power increase) studies
Note on chapter content
This chapter elaborates the relevant studies for PMR 446 evolution on the increased power up to 1 W e.r.p., including impact on PMR 446 ecosystem as a whole and continued coexistence between PMR 446 users. It elaborates on specific settings of the scenario not presented in previous chapters, elaborate methodology and presents results of the studies. It presents results how the overall capacity of PMR 446 in a given area may change. It may contain sensitivity analysis on change of some parameters.
[bookmark: _Toc180578395]Study 1


[bookmark: _Toc180578396]Study 1Simulation results
[bookmark: _Toc180578397]Study 2
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