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0 Executive summary

[short text]

1 Introduction

WGSE was invited by WGFM to study the impact of directional antenna (up to 12 dBi gain) compared to 0 dBi antenna gain for licence exempted applications of DECT taking into account existing and future services in adjacent bands. This document gives overview of the existing compatibility studies concentrating on the impact of the antenna gain of DECT equipment and investigates to what extent the DECT antenna gain specification up to 12 dBi would influence the compatibility between DECT and adjacent mobile services compared to 0 dBi.

2 Background

A number of radio compatibility studies including DECT and existing and new cellular services in adjacent bands have been published over the last 15 years in various ERC, ECC or CEPT Reports. The DECT systems considered include residential (single-cell) and enterprise (multi-cell) systems, as well as public WLL systems. In all these studies a power was specified by 24 dBm and no antenna gain were explicitly taken into account, except for above roof-top DECT WLL applications. 

Add something on DECT standard being the same since ERC (98) 22 as cerated.
This document investigates if and then to what extent the DECT antenna gain specification up to 12 dBi would influence the compatibility between DECT and adjacent mobile services compared to 0 dBi antenna gain used in earlier studies. This study addresses the relevant DECT residential and enterprise (multi-cell) systems and related relevant interference scenarios. 
3 DECT systems
3.1   Characteristics of the DECT systems 

The basic DECT service is a 3,1 kHz telephony service conveyed over a DECT link. With recent new developments such as CAT-iq, DECT now also offers wideband 7 kHz voice transmission and a super-wideband 14 kHz service and different data services. 

In many residents and enterprises DECT is the main system providing the telephony service. This DECT telephony service is designed to provide a quality and a Grade-Of- Service, GOS, comparable to a wired PSTN phone. This implies a GOS <1%, typically 0,1 %. The quality requirement on the DECT radio link is < 0,1 % bit error rate corresponding to < 1% slot error rate. Regarding the GOS requirement, dense traffic enterprise applications may locally utilise up to the entire DECT spectrum, while one residential system normally only occupies a small fraction of the DECT spectrum.

3.2   Basics on the DECT instant Dynamic Channel Selection (iDCS) feature
The mandatory Instant Dynamic Channel Selection messages and procedures provide effective co-existence of uncoordinated private and public systems on the common designated DECT frequency band and avoid any need for traditional frequency planning. Each device has access to all channels (time/frequency combinations). Ten DECT RF carriers are defined in the band 1880-1900 MHz and provide totally 120 duplex access channels. When a control channel or a connection is needed, the channel is selected, that at that instant and at that locality, is least interfered of all the common access channels. 

3.3   Residential systems (single cell)

The DECT residential systems are single cell systems, covering a flat, or a villa including its basement, main floor, upper floor and garden (medium size). Since the DECT system normally provides the main telephony service of the home, it is very essential that good coverage is provided everywhere within the premises of the home. 
3.4   Enterprise systems
DECT enterprise systems provide on-premises local mobility and full coverage through seamless handover between pico-cell base stations. The services offered are the wireless PBX telephony service and different low and medium rate data services for supervision, control, maintenance and alarms. The DECT local mobility pico-cell system is preferred when the cellular service is unable to provide the required quality, coverage, services or required integration with local key administrative and production systems.  

4 Relevant interference scenarios

The scenarios analyzed by former studies, including ERC REPORT 65, summarized in Annex 1. The scenarios taken into consideration for this assessment are described in the following subsections. 

4.1   Mobile terminals (of ECN) visiting a DECT indoor site

The review of existing reports shows that the most important scenario that need to be analysed is  when a cellular MS belonging to a macro cell enters a home or an enterprise with a DECT system deployed (cases 20 and 30 of Annex 1). With respect to the high gain antennas, case 20 has been analyzed only See section XX  for conclusion on the analysis of these cases. 

The assessment of existing reports shows that the important scenarios that need to be analysed are cases 20 (DECT RFP vs. UMTS MS) and 30 (DECT PP vs. UMTS MS) of ERC/REP 65, i.e. when a mobile terminal belonging to a macro cell enters a home or an enterprise with a DECT system deployed. With respect to the high gain antennas, case 20 has been analyzed only. 

4.2   Interference to outdoor ECN base stations

The review of existing reports shows that interference between DECT residential/enterprise systems and outdoor cellular base stations is not a critical case, but it is a very common case. Therefore the impact of DECT transmitters with directional antenna needs to be analysed for this case. See section XX for conclusion on the analysis of this case.
Interference between DECT and outdoor ECN base stations, case 1 (Annex 1 and 2) for WLL-like antenna configurations in DECT-enterprise environments, is a very common case. Therefore the impact of DECT transmitters with directional antenna needs to be analysed for this case. 

4.3   Interference to outdoor mobile terminals of ECN

Interference between DECT and outdoor ECN mobile terminals, not considered critical by ERC/REP 65, is additionally analysed in Annex 1 (case 4) for WLL-like antenna configurations in DECT-enterprise environments.

4.4    Summary on the scenarios for which the influence of DECT antenna gain needs to be   studied 

In all the existing reports 24 dBm transmit power and 0 dBi gain are assumed for residential and enterprise systems. 

From above it can be concluded that the interference scenarios that need to be investigated in relation to DECT-Systems for residential and enterprise environments using high gain antennas are:

· Outdoor ECN base stations,

· Outdoor ECN mobile terminals and 

· Mobile terminals visiting a home or an enterprise with a DECT system deployed

Table E4 in Annex 1 contains the required minimum separation distances for 0 dBi for residential and enterprise systems. 

The required minimum separation distances for the increased antenna gain of 12 dBi are calculated and listed for the most relevant scenarios 1, 4, 5, 16 and 20 in Table 2 of Annex 2. It is shown that the most critical scenarios, (DECT-Enterprise-Systems using high gain antennas installed outdoors and ECN- base stations) require separation distances of up to about 1600 m, even within the sub urban environment, assumed as most likely deployment scenario for this application, the separation distances are still up to 728 m.
5 Antennas used for DECT-SysTEMS        

5.1   Antennas for DECT handsets

DECT handsets have very small integral antennas. For physical reasons such antennas have a gain > 0 dBi. Due to the small size of the equipment the antenna gain does not exceed a limit of 3 dBi (normally 2 dBi).

5.2   Residential systems (single-cell)

Residential DECT base stations are not intentionally provided with specific antenna directivity. Residential base stations are small and have small integral antennas and their antennas behave similar to the antennas of the handsets, i.e. physically with a gain of up to 3 dBi. 

5.3   Enterprise systems

DECT enterprise systems shall cover every spot of the enterprise, including elevators and culverts and sometimes outdoors areas between buildings belonging to the enterprise. 

The enterprise handsets have the same antennas as the residential handsets.

The enterprise base stations are mounted on walls or in the ceiling. They are normally equipped with two integrated half-wave dipole antennas.  Enterprise base stations are larger and the antenna space is less encumbered than for residential base stations. The resulting antenna gain does not exceed the limit of 3 dBi.

5.4   High gain DECT antennas

There are few high gain antennas in operation in DECT networks, but they are important for the functionality and economy of DECT enterprise systems. About 5 % of the base stations have external antennas with 6-12 dBi. This corresponds to 0,04% of all DECT base stations, and 0,015 % of all DECT transmitters. Although the number of such base stations may be very limited, they are very important for meeting the requirements for coverage, cable access points and esthetical concerns.  Covering an elevator shaft, base station id forced from the central ceiling to the wall due to esthetical concerns and where transmission cables or power outlets are not generally available.  Besides, the wireless base stations (selective repeaters) and wireless synchronization links for IP base stations also benefit from use of 6-12 dBi directional antennas, sometimes most important as an outdoor base station to provide a wireless synchronization link to the bases in an adjacent building.

The figure below shows a summary of typical DECT antenna installations.
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Figure 1: DECT cells in residential and enterprise systems 

6 Methodology

6.1 Methodology based on ERC Report 65
This approach considers the parameters used by the ERC/REP 65 for the calculation of the minimum separation distances, but assuming Extended Hata
 as propagation model instead of free space propagation model assumed as more applicable for generalized mobile outdoor scenarios.

6.1.1 Calculation

The same parameters as defined by the ERC Report 65 on table E4 with N=0 (ANNEX 1) have been used for the calculations of the required separation distances in urban, suburban and rural environment.  Only the minimum separation distances are calculated based on the mean values of the path losses in order to get comparable results to ERC Report 65, Due to there is no differentiation between ‘above roof top’ and ‘below roof top’ on the mean values of the propagation model Extended Hata the wording “above roof top WLL RFP” has to be read as “DECT enterprise system in outdoor deployment”.

The results are shown in Table 6.1. 

	Szenario
	Propagation model
	Separation distance [m] a)
o dBi / 12 dBi

	
	
	urban

	sub urban

	rural


	1
	Extended Hata 
 

	238/521
	339/742
	413/1644

	4
	Extended Hata 

	56/73
	59/80
	146/319


Note: The wording “Above roof top RFP” on Table xx

Table 6.1

6.1.2 Discussion

Considering that 

· future cellular networks (ECN) are using technologies others then UMTS, i.e. most likely LTE,  

· the frequency range 1900 – 1920 MHz is allocated usually for TDD only,

· due to the required protection of the non synchronized adjacent TDD-channels their output power is limited down to 20 dBm e.i.r.p (see CEPT REP 39 clause 4.6.1.2),
· therefore the density of base station of these networks will significantly increase compared to UMTS macro-cells, 

the probability of a close vicinity of DECT enterprise systems using outdoor installed high gain antennas and ECN base stations will increase and, due to the required separation distance, consequently the probability of getting interfered each by each other.
The table below on the different interference scenarios is taken from ERC Report 65.

RFP means “Radio Fixed Part”, equivalent to a DECT base station; CTA means “cordless terminal adaptor”, i.e. fixed subscriber unit; PP means “Portable Part”.

.

	Cellular

DECT
	Above roof-top macro BTS 
	Below roof-top micro BTS 
	Indoor pico BTS 

	Outdoor MS
	Indoor MS

	Above roof-top WLL RFP

	1

	2

	3

	4

	5


	Above roof-top WLL CTA

	6

	7

	8

	9

	10


	Below roof-top outdoor RFP
	11
	12
	13
	14
	15

	Indoor RFP


	16
	17
	18
	19
	20

	Outdoor PP


	21
	22
	23
	24
	25

	Indoor PP


	26
	27
	28
	29
	30


 The cases in bold are the most important
 Table 1: Possible interference scenarios defined in ERC/Rep 65
ERC Report 65, Table E4 - MSD calculations, UMTS is the victim due to blocking 

	Case
	EIRP
(dBm)

	UMTS Tx carrier
(MHz)
	Receiver  antenna gain (dB)
	Receiver BLO interference level (dB). (Margin N)
	MCL 
(dB)
	Propagation Model
	MSD 
(m)



	1a, 6a
	36
	1902.5
	14.5
	-52
	102.5
	Free space
	1 680

	1b, 6b
	36
	1902.5
	14.5
	-42 (N=10 dB)
	92.5
	Free space
	530

	1c, 6c
	36
	1907.5
	14.5
	-40
	90.5
	Free space
	420

	1d, 6d
	36
	1907.5
	14.5
	-30 (N=10 dB)
	80.5
	Free space
	130

	1e, 6e
	36
	1912.5
	14.5
	-30
	80.5
	Free space
	130

	1f, 6f
	36
	1912.5
	14.5
	-20 (N=10 dB)
	70.5
	Free space
	42

	21a
	24
	1902.5
	14.5
	-52
	90.5
	Free space
	420 

	21b
	24
	1907.5
	14.5
	-40
	78.5
	Free space
	106 

	12a,22a
	24
	1902.5
	0
	-52
	76
	Free space
	80

	12b,22b
	24
	1907.5
	0
	-40
	66
	Free space
	25

	18a,28a
	24
	1902.5
	0
	-42 (N=10 dB)
	66
	Indoor mod.
	16

	18b,28b
	24
	1907.5
	0
	-30 (N=10 dB)
	54
	Indoor mod.
	6

	4, 9
	36
	1902.5
	0
	-51(N=10 dB)
	87
	Free space
	280

	20a,30a
	24
	1902.5
	0
	-61 
	85
	Indoor mod.
	47

	20b,30b
	24
	1902.5
	0
	-51 (N=10 dB)
	75
	Indoor mod.
	27

	20c,30c
	24
	1907.5
	0
	-51
	75
	Indoor mod.
	27

	20d,30d
	24
	1907.5
	0
	-41 (N=10 dB)
	65
	Indoor mod.
	15

	20e,30e
	24
	1912.5
	0
	-39
	63
	Indoor mod.
	13

	20f,30f
	24
	1912.5
	0
	-29 (N=10 dB)
	53
	Indoor mod.
	5.6

	14a,24a
	24
	1902.5
	0
	-61
	85
	Free space
	220

	14b,24b
	24
	1907.5
	0
	-51
	75
	Free space
	71













 

6.2 Methodology based on impact of antenna gain in typical DECT NLOS environment

The approach used below is a generic methodology, which for relevant scenarios makes delta assessments of the influence on the interference from different antenna gains. It was chosen because it well matched the actual performance and usage of license exempt DECT systems. It does not need new MSD calculations, besides these available in existing reports.   

All DECT residential and enterprise systems are compliant with the power specification of the DECT Harmonized Standard EN 301 406 [1] and earlier TBR6, where the RF power is specified as: 

Maximum 24 dBm terminal power (NTP) and maximum 12 dBi antenna gain.  
The DECT antenna gain provision does not increase the total radiated power, but only redirects it. See figure below:
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Figure 2: Coverage of DECT with different antenna radiation patterns 

As a contrast to above rooftop public DECT WLL systems, the DECT residential and enterprise systems are installed and used below roof top and indoors. This is basically a non line of sight, NLOS, reflective environment. 

In a reflective NLOS environment, it is the sum of all reflections that create the interference to a victim. The sum of all reflections is basically dependent on the terminal power (250 mW), and not very much on the shape of the passive antenna pattern.  

Regarding interference to outdoor cellular base stations, the most relevant case is where an outdoor DECT base station uses a high gain antenna. The usual application is to provide synchronization to a close by second building. The common relevant position of such a DECT base station is shown in the figure below.

The figure shows a typical example where it is the total emitted power (250 mW), and not the antenna gain, that is relevant for the interference assessment to outdoor cellular base stations. 
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Figure 3

Regarding interference to mobile terminals visiting a DECT site, the probability for interference is hardly affected by the DECT antenna gain. There are several reasons for this, but the most obvious is the low number of base stations with high antenna gain .

This assessment results that  using 24 dBm (250 mW) and 0 dBi as power notation for DECT is a valid approximation for analyzing the compatibility between DECT residential/enterprise systems and cellular systems operating on frequencies adjacent to the DECT band. This applies for indoor systems and outdoor transmitters below rooftop.
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Figure 4: Basic interference cases between DECT and public cellular systems
7 Discussion and Conclusions
[BNetzA provisional conclusions:]
In the ERC Reports (31, 65, 100 and others) the used DECT parameters for the interference studies are 24 dBm transmit power and 0 dBi gain for residential and enterprise systems while 24 dBm transmit power and  12 dBi gain is assumed for the public WLL systems.
The assessment of the abovementioned reports and further studies shows that coordination measures are to be taken into consideration to ensure the compatibility between DECT-Systems and mobile services in outdoor scenarios.
For the current assessment, it is assumed that DECT- Systems equipped with antenna sockets are intended for the use of high gain antennas up to 12 dBi within indoor- and outdoor deployment scenarios depending on the demand of the user.

Indoor scenarios are less critical, because of the fact the side owner has the control over the mobile terminals within his premises. 

The most critical scenarios, (DECT-Enterprise-Systems using high gain antennas installed outdoors and ECN- base stations)  require separation distances of up to about 1600 m, even within the as most likely assumed sub urban environment still up to 728 m (see ANNEX 1 and 2). These scenarios are associated typically with DECT-Enterprise-Systems equipped with antenna sockets for the use of external high gain antennas.  

In this case, it is also to consider that it is up to the user to decide on the usage of external antennas and their position. Consequently, all deployment scenarios are to be taken into consideration for DECT-Enterprise-Systems equipped with antenna sockets for the use of external antennas. 
It is also confirmed by several other studies, inter alia CEPT REP 39, that outdoor deployment scenarios with adjacent ECN-TDD-Systems (for the purpose of this study DECT-Enterprise-Systems and adjacent ECN-TDD-Networks) are the most critical scenarios and require mitigation measures. 

Considering that 

· future cellular networks (ECN) are using technologies others then UMTS, i.e. most likely LTE,  

· the frequency range 1900 – 1920 MHz is allocated usually for TDD only,

· due to the required protection of the non synchronized adjacent TDD-channels their output power is limited down to 20 dBm e.i.r.p (see ANNEX 3),
· therefore the density of base station of these networks will significantly increase compared to UMTS macro-cells, 

the probability of a close vicinity of DECT enterprise systems using outdoor installed high gain antennas and ECN base stations will increase and, due to the required separation distance, consequently the probability of getting interfered each by each other.
Even if formally outside the scope of this technical paper it has to be emphasized that the complete frequency range allocated to DECT is protected according to ERC/DEC (94), i.e. also the impact of ECN systems on DECT systems has to be taken into account when assessing mitigation measures. 
[Dect Forum Conclusions:]
This document investigates if and to what extent the DECT antenna gain specification up to 12 dBi influences the interference probability compared to 0 dBi antenna gain used in earlier studies for the DECT. The study is made for relevant DECT (licence exempt) residential and enterprise systems and related relevant interference scenarios. 

· The conclusion is that the usage in existing studies of 250 mW and 0 dBi antenna gain is a valid approximation for analyzing relevant below rooftop and indoor license exempt DECT systems implementing directive antenna up to 12 dBi in line with the DECT Harmonized Standard EN 301 406.
It is obvious from existing studies that license exempt DECT equipment is not supposed to be installed above rooftop in line of sight with cellular base stations, no matter if the antenna gain is  0 or 12 dBi. To serve the purpose to cover a local site, DECT license exempt residential and enterprise systems install base stations indoors, and the few that are installed outdoors are installed below rooftop, e.g. to cover pathways between buildings. It can be been shown, see annex z,  that the risk that a license exempt DECT base station will be installed above roof top so that a cellular base station is interfered is very, very low, because in this case the DECT base will be exposed to considerably more severe interference than the cellular base. 

�








� See ERC/REP 68


� Antenna height UMTS BS = 30 m


� Antenna height UMTS BS = 30 m


� Antenna height UMTS BS = 60 m


� see ERC/REP 68


� Antenna height DECT BS = 10 m 


� Antenna height UMTS MS = 1.5 m
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