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1
Introduction

At WRC-07, Resolution 224 (WRC-2000) was revised with the addition of the following elements: 

“recognizing

…

n) 
that the compatibility of the mobile service with the broadcasting, fixed and aeronautical radionavigation service in the band referred to in recognizing k) and m) will need further study in ITU-R, ...”

“emphasizing
…

h)
that the identification of a band for IMT does not preclude the use of this band by other services or applications to which it is allocated; …”

“i)
that administrations should take into account the need to protect the existing and future broadcasting stations, both analogue and digital, in the 470-806/862 MHz band, as well as other primary terrestrial services; …”
“…

invites ITU-R

1
to study the potential use of the band 790-862 MHz in Region 1 and Region 3, the band 698-806 MHz in Region 2 and in those administrations mentioned in No. 5.YYY in Region 3 by new mobile and broadcasting applications, including the impact on the GE06 Agreement, where applicable, and to develop ITU-R Recommendations on how to protect the services to which these bands are currently allocated, including the broadcasting service and in particular the GE06 Plan, as updated, and its future developments; …”

At the first ITU‑R Working 5D Party meeting, Working Party 5 D assumed unilaterally that it is responsible to carry out all the studies addressed in Resolution 224 (Rev.WRC-07) and drafted a work plan for the full study period 2008-2011 (Document 5D/TEMP/11).
NDR and ZDF expressed their concern about this course of action and stated in the Chairman’s Report of Sub-Working Group “Sharing” attached to the Working Party 5D Chairman’s Report (Document 5D/TEMP/12): 

“Taking into account the difficulties ITU-R WP 8F had to take into account real DVB-T deployment and to apply advices received from Working Party 6E in order to adequately protect broadcasting services during the last study period, NDR and ZDF are of the view that the compatibility studies between DVB-T and IMT should be led by ITU‑R Working Party 6D, with the exception of the aspects addressed in JTG 5/6, broadcasting being the “victim” service.”

NDR and ZDF understand that the above elements of Resolution 224 (Rev.WRC-07) represent a call for activities for the broadcast service. 

In particular: 

1) 
the compatibility study between IMT (or new mobile applications) and digital terrestrial broadcasting services not to be addressed by JTG 5/6;

2) 
the studies on the impact of new mobile and broadcasting applications on the GE06 Agreement and on protection of the GE06 Agreement; 

3) 
the studies on the potential use of new broadcasting applications in the band 790-862 MHz;

4) 
the development of Recommendations on the above issues described in 1, 2 and 3.

Therefore, these activities should be led by Study Group 6, responsible for the broadcasting services, while other activities inherent to the mobile and fixed services in Resolution 224 (Rev.WRC-07) should be carried out within Study Group 5 (“Terrestrial services except broadcast”).

2
Discussion

Study on the compatibility between IMT and broadcasting services 

NDR and ZDF and other administrations have already pointed out the difficulties of ITU-R WP 8F to take into account real DVB-T deployments in sharing studies, as stated in a contribution to Study Group 8 (Document 8/201).

In its version submitted for approval to Study Group 8 the Report Document 8/190 “Draft new Report on compatibility studies between IMT‑2000 and digital terrestrial television broadcasting” contained a substantial Annex 8 with the title “Limitations and areas identified for further studies on compatibility between IMT-2000 and DTTB”. Our analysis of the content reveals that the limitations described (reproduced in the Annex for convenience) do not call for supplementary studies, but new studies are required to replace the studies contained in the report. This is the result of a serious lack of consideration taken by Working Party 8F of accumulated advice from Working Party 6E to Working Party 8F in the last study period. 
To prevent the same situation in the future again, NDR and ZDF invite administrations to consider an approach consistent with the scope of Study Group 6 in order to perform and finalize the compatibility studies as soon as possible. NDR and ZDF understand that many administrations would like to have the work achieved as soon as possible, in order to implement IMT rapidly in the band 790-862 MHz. 
ITU‑R Working Party 6E, in its liaison statement Document 8F/1250, explicitly stated:

“Working Party 6E believes [that] therefore the significant issues which need to be resolved toward addressing any potential co-existence between broadcasting and mobile in the frequency range 470‑862 MHz require the full competence of Working Party 6E to resolve, and as a result, any studies relating to the protection of the broadcasting services should be undertaken within Working Party 6E.”
NDR and ZDF understand that as a result of input contributions from administrations to its last meeting, Working Party 6E also believes that compatibility studies between IMT and DVB-T from the broadcasting perspective should be led by Working Party 6E (now Working Party 6D) resulting in Recommendations in Study Group 6. The above statement confirms NDR and ZDF’s view that the protection of broadcasting services requires substantial knowledge of broadcast services and on coverage calculation concepts and GE06 procedure (for Region 1).

Study on the potential use of new mobile applications

The studies of potential use by new mobile applications imply compatibility studies with services allocated to this band. Among these services, studies related to the broadcast services should be addressed at Working Party 6D in the same manner as compatibility studies between IMT and digital terrestrial broadcast. As this is specifically within the scope of Study Group 6, these studies should be undertaken in Working Party 6D.

Study on the potential use of new broadcasting applications

Potential use of new broadcasting applications should be logically studied in the Study Group 6 responsible for broadcast services, not in the study group responsible for mobile services and fixed services. In other words, studies on the potential use by new broadcast applications are obviously not within the mandate of Study Group 5 which is responsible for all terrestrial services except broadcast services.

Study on the impact of use of new mobile and broadcasting application on GE06 and protection of the GE06 plan

It is the responsibility of the administrations to ensure that any implementation of mobile services in the band does not lead to unacceptable inconsistencies in the GE06 plan and in the GE06 Agreement. An important guideline towards this objective is giving ITU‑R Working Party 6D the recognition of WP 6D’s (formerly WP 6E) scope and responsibility for such studies, since the GE06 plan is a plan for broadcasting services. 

3
Conclusion

Based on the above, NDR and ZDF are of view that the following studies should be conducted and led by Working Party 6D: 

1) 
compatibility studies on issues relating to IMT (or new mobile applications) and digital terrestrial broadcasting services not addressed by JTG 5/6;

2) 
the studies on the impact of new mobile and broadcast applications on GE06 Agreement and on the protection of the GE06 Agreement; 

3)
the studies of potential use and planning of new broadcasting applications in the band 790-862 MHz; and

4)
the development of Recommendations on the above issues described in 1, 2 and 3.

NDR and ZDF recognize fully that these studies should be developed in cooperation with other Working Parties of Study Group 5 and of Study Group 3. 

Other studies referred to in Resolution 224 (Rev.WRC-07) could be carried out by other Study Groups.

In any case, ZDF and NDR recognize that the studies referred to above should not overlap with the Terms of Reference of JTG 5-6. The above studies mentioned in these conclusions refer to complementary studies to the studies leading to Recommendations and not being conducted by JTG 5-6.

Annex:
1

Annex 1

(Reproduction of Annex 8 to Document 8/190)
Limitations and areas identified for further studies 
on compatibility between IMT-2000 and DTTB

A8.1
General comment on the studies

The first stage of sharing studies presented to date show that protection of mobile uplink services in the GE‑06 Plan is insufficient, since the maximum tolerated interference for DVB-T services is much higher than acceptable for mobile uplink services, especially for realistic cell sizes in the scenario geographical coverage improvement for IMT-2000 in low populated areas. In this respect, feasibility of sharing between IMT (2000) uplink and DVB-T in the actual GE-06 plan is extremely limited.

Preliminary studies on mutual interference between DVB-T transmitters and IMT-2000 base stations based on DVB-T show also significant difficulties regarding the protection of IMT-2000 uplink.

As one the option to be consider is to identify a dedicated band in 470‑862 MHz further studies are required.

In Region 1 the band 470-862 MHz is planned for broadcasting services by the GE-06 agreement. The band 470-862 MHz is subject to transition period until 2015.
Protection ratio “DVB-T interfered with by IMT” (n, n+1, n+2, …) should be clarified.

The studies may be revisited depending on the appropriateness of the propagation models ITU‑R P.1546 and “Extended Hata Model”.
A8.2
Study without channel rearrangement in GE-06 plan 
Further studies are required in the case of coverage extension: with higher antenna gains, higher antennas heights (up to 100m) and larger cells for base stations covering large areas (up to 40 km) and propagation characteristics for wide coverage cells. Resulting interference from IMT-2000 to DVB-T may be higher due to higher antenna gains and higher antenna heights may lead to worse results.

Software mechanisms may be required in order to avoid a co-channel interference in a defined allotment.

In the case of geographical coverage extensions for low populated areas (40 km for IMT-2000 cell size), the height correction factor for 105 m (see Rec. ITU-R P.1546) and a 18 dBi antenna gain (with 3 dB Feeder loss) have to be applied. This leads to respectively to 24.8 dB for RPC1, 59.3 dB for RPC2 and 62.3 dB for RPC3 above noise floor. 

In the case of geographical extensions for low populated areas, the high interference level leads to the conclusion that in band 470-862 MHz, the interference level is too high to base stations. Bands already identified for IMT-2000 lead to higher performance regarding coverage extensions due to the higher interference in the band 470-862 MHz. 

The GE06 implementation

The reference networks and the reference planning configurations of the RRC-06 were used as a basis in one part of the studies addressing the implementation of IMT-2000 in the GE-06 Plan.

However, the compatibility analysis should take into account the implementation of the GE06 Plan. In particular:

(i) 
Assignments in GE06 were not taken into account

Assignments of high power transmitters form an important part of the GE06 Plan. In some cases they are part of a Single Frequency Network (SFN) structure, and at the other extreme many countries planned only using such assignments. These have to be taken into account when assessing the compatibility between broadcasting services and mobile services based on IMT-2000 technology. The initial Plan from the Conference only includes the higher power assignments. There will also be large numbers of additional lower power assignments added to the Plan as it evolves, providing local infill broadcasting service repeaters. These repeaters can be either in isolation or become part of an SFN, and usually require good guaranteed reception of an incoming broadcast signal, which is then re-transmitted.

(ii) 
Increased and variable interference level in the GE06 Plan has not been taken into account

During the RRC-06, a high number of coverage layers (7-8) were obtained. This was achieved at the price of a higher level of interference, which was compensated by a higher required transmit power. Therefore, in several areas, the assumed maximum level of interference caused by surrounding allotments and assignments may be much higher than assumed in the working document “Sharing studies between IMT-2000 and terrestrial digital broadcasting in the 470‑806/862 MHz band” WP 6E would also like to stress the fact that some GE06 entries are still subject to negotiations between administrations for their implementation. 

(iii) 
Non-regular SFN structures 

In several administrations in Regions 1 and 3, the major part of broadcast networks use SFNs. Therefore, analysis with single frequency networks should be included in the compatibility analysis.

SFNs may have non regular structures. 

(iv) 
Portable reception was only taken into account for co-channel compatibility assessment 

WP 6E regrets that the DVB-T portable reception scenario has been studied for the assessment of interference caused by IMT-2000 to DVB-T reception only in the co-channel case. Due to the potential small distance between IMT-2000 terminals and DVB-T reception antenna, the cases “portable indoor” and “portable outdoor” may lead to critical results.
A8.3
Variations in GE-06 Plans.

The compatibility analysis should take into account the real implementation of the GE-06 Plan. In particular:

a) 
Assignments in GE-06 were not taken into account.
Assignments of high power transmitters form an important part of the GE-06 Plan. In some cases they are part of an SFN structure, and at the other extreme many countries planned only using such assignments. These have to be taken into account when assessing the compatibility between broadcasting services and mobile services based on IMT-2000 technology. The initial Plan from the Conference only includes the higher power assignments. There will also be large numbers of additional lower power assignments added to the Plan as it evolves, providing local infill broadcasting service repeaters. These repeaters can be either in isolation or become part of an SFN, and usually require good guaranteed reception of an incoming broadcast signal, which is then re-transmitted.
b) 
Increased and variable interference level in the GE-06 Plan has not been taken into account. 
During the RRC-06, a high number of coverage layers (7-8) were obtained. This was achieved at the price of a higher level of interference, which was compensated by a higher required transmit power. Therefore, in several areas, with respect to the assumed maximum level of interference caused by surrounding allotments and assignments may be much higher than assumed in this study it should be stressed that some GE-06 entries are still subject to negotiations between administrations for their implementation. 
c) 
Non-regular SFN structures. 
In several administrations in Regions 1 and 3, the major part of broadcast networks uses SFNs. Therefore, analysis with single frequency networks should be included in the compatibility analysis. SFNs may have non regular structures. 
d) 
Portable reception was only taken into account for co-channel compatibility assessment. 
The DVB-T portable reception scenario has been studied for the assessment of interference caused by IMT-2000 to DVB-T reception only in the co‑channel case. Due to the potential small distance between IMT-2000 terminals and DVB‑T reception antenna, the cases “portable indoor” and “portable outdoor” may lead to critical results.
e) 
Compatibility studies for non colocated base station with DVB-T transmitters
Section 2.2 of this report shows that there may be some significant difficulties in the adjacent channel for compatibility between IMT-2000 and DVB-T.

In future studies, the propagation models, co-existence scenarios and system parameters such as antenna heights, cell ranges, etc. need to be reviewed.

f) 
Compatibility studies for the special case of the collocated base station with DVB-T transmitter

By considering DVB-T and IMT-2000 are two independent networks who have different cell sizes, it is difficult to collocate all IMT-2000 base stations with DVB-T transmitters. The compatibility study with statistical approach presented in the section 2.3 considered only the co-location case with a single DVB-T transmitter. The interference from surrounding DVB-T transmitters to IMT-2000 has not been taken into account.    

In this study, in several co-existence scenarios, the IMT-2000 base station antenna height of 30 m was used as assumption. Higher IMT-2000 BTS antenna height is usually considered as more efficient solution for coverage improvement in low populated rural area. The assumption of IMT‑2000 base station antenna height of 30 m does not reflect the cases of higher IMT-2000 base station antennae. 

Further studies are needed to address co-located case with higher IMT-2000 BTS antenna heights and the uncolocated cases taking into account different antennas heights

A8.4
Establishing a framework for studies

· ITU-R DTTB System A (ATSC) and System C (ISDB-T) to complement the previously reported sharing scenarios for ITU-R DTTB System B (DVB-T). This study considers only 8 MHz broadcasting channels, further studies are required in order to analyse mutual effects considering 6 MHz ISDB-T channels.

· The size of the guard band and geographic separation required for co-existence in adjacent bands between IMT-2000 and ITU-R DTTB Systems A, B and C.

· Studies taking scenarios with studies of each IMT-2000 radio interface alongside each broadcasting system.

· Large IMT-cell sizes (up to 100 kilometre radius
) and high power (up to 1 250 kW)/highly elevated (e.g. 550 metres above average terrain) broadcasting transmission sites for scenarios involving low population density areas and rural wide coverage.

· Frequency separations for adjacent channel operations for wide area coverage UHF DVB-T television systems as characterised by a high power DVB-T transmitter feeding low power translators and gap fillers. Such systems are not part of a single frequency network because of the technical limitations associated with SFN deployments.

· Consideration of IMT-2000 technologies including different modulation and multiplexing techniques such as OFDM and more particularly active antenna techniques in rural sharing study scenarios. Such techniques alter the nature of the interference by increasing the probability of interference for short periods of time into a reduced set of broadcasting service receivers. Conversely these techniques may provide some mitigation against mutual interference in the case of both IMT-2000 and broadcasting services.

For mobile and base stations there will be multiple interferers so The following needs to be considered:

· For both mobile and base stations there will be power control (uplink and downlink) so how is the interfering power quantified? 

· In case of mobile the position of the source will not be known so how is this modelled? 

· Increasingly beam forming and AAS (adaptive antenna systems) will be used so how is this modelled? 

· In the case of TDD how is this factored into the equation? 

· For CDMA and OFDMA respectively the instant power changes constantly while the mean power is constant depending on the composite structure of the data being transmitted or for example the number of code words and sub-carriers respectively. How is this modelled?

Further compatibility studies are needed with respect to:

· how the separation distances and guard bands have to be increased as the mobile transmitters for the UMTS/IMT-2000 mobile services are not co-located with TV transmitters, given that this is the most practical scenario that many administrations will have to consider – i.e. directly adjacent IMT-2000 mobile services with the existing broadcasting service?

· how the guard bands and separation distances are affected if the terrestrial television broadcasting service employs other technologies such as ISDB-T, ATSC or MediaFLO, etc., in place of DVB-T or DVB-H to deliver fixed or mobile terrestrial TV broadcasting in these bands? and

· what are the disruptive impacts and the changes to the operating constraints administrations may have to consider?

A8.5
Considerations for further sharing studies
A8.5.1
Compatibility criteria for Digital Terrestrial Television Broadcasting (DTTB)

In inter-service compatibility studies in the ITU-R such as for instance those dealing with the case of IMT-2000 compatibility with the broadcast service (BS), a clear distinction is made between the allowance for intra-service interference and inter-service interference, with the allowance for inter-service interference typically significantly far less than the intra-service allowance. This is reasonable because intra-service interference can be taken into account as part of fundamental BS network planning and so is under the control of the BS, whereas other than by means of regulatory protection, no control can be exercised over external interference and any external interference will erode the margin set aside for intra system interference.

An acceptable inter-service I/N allowance of –10 dB for compatibility between the broadcast service and the mobile service (IMT-2000) may be taken into account. Other sources of non Digital Terrestrial Television Broadcast and non IMT-2000 interferences have not been taken into account.

A8.5.2
Minimum field strengths for which protection may be sought in planning a television service
In considering the planning for digital terrestrial television television services many administrations have recognised Recommendation ITU-R BT.1368 Planning criteria for digital terrestrial television services in the VHF/UHF bands. 

A8.5.3
Transmission and reception characteristics of DTTB

The existing channel arrangements for digital terrestrial television television services for some administrations have been developed on the assumptions of co-sited transmissions and reception with fixed outdoor antennas. 

The minimum signal level required to deliver an acceptable service is dependent on the minimum receiver sensitivity and the additional allowances need to accommodate factors including location variability, time variability, antenna gain, receiver noise figure and height gain/loss. 

A8.5.4
Antenna discrimination in directivity and polarisation

Studies for planning of broadcasting services make use of Recommendation ITU-R BT.419.

A8.5.5
Protection ratios required for DVB-T protection

In the studies, the protection ratio is assumed to be equal to C/N of DVB-T. However, in comparison with DVB-T, which is one OFDM signal, IMT-2000 (at least non-LTE) is CDMA based. The CDMA signal may have several different signals structures which may lead to different protection ratios. Three different aspects have hereby to be taken into account:

a) 
The resulting IMT-2000 signal is the aggregation of many different signals.

The resulting signal of IMT-2000 services is the physical aggregation of several signals for different users or different channels. A common characteristic parameter to describe the effect is the so called “crest factor”. It is defined as the ratio between maximal instant power and the mean power of a signal. 

b) 
The time variability of one single IMT-2000 signal.

If the power level of the interfering signal is not constant the measured minimum C/I can not directly be used for establishing the protection ratio. In the compressed mode, mobile IMT-2000 terminals carry out measurements in order to switch to different frequencies. During these periods of measurements, no signal is transmitted. In order to obtain the same data capacity, the transmit power is increased and the error correction is decreased. The mean power of the “compressed” signal is constant, while the instant power (during transmission) is increased. In this case, it is obvious that protection ratio is higher than in the case with continuous operation.

A TDMA (Time Division Multiple Access) signal of IMT-2000 (i.e. UTRA TDD) leads also to this effect, as the mobile/base station only transmits during a limited time slot. With a constant mean power, the instant power increases with reduction of the time-slot duration. The higher instant transmit power leads to a higher required protection ratio depending on the duration of the time-slot. 

Therefore, the protection ratio for digital terrestrial television is dependent on the signal structure of IMT-2000 signals. A comprehensive set of measurements is needed in order to provide a sufficient basis for compatibility assessment between DVB-T and IMT-2000.

c) 
System bandwidth 

C/N is defined for the system bandwidth. Since the system bandwidth is generally not equal for the interfering and interfered system the measured minimum C/I value can not directly be used to establish a protection ratio. In case the interfering signals have smaller bandwidth compared with the wanted signal the possibility of multiple interferences must be reflected in the protection ratio. The possibility of multiple interference will increase the required protection ratio compared to single entry minimum C/I values. Similarly we will have take into account where signals are partially overlapping.

Studies on compatibility assessment between DVB-T and IMT-2000 do not necessarily remain valid with the evolution of IMT-2000 (or IMT-Advanced). Additional studies are then required.
d) 
The GE06 implementation

WP 6E notes that the reference networks and the reference planning configurations of the RRC-06 were used as a basis in one part of the studies addressing the implementation of IMT-2000 in the GE06 Plan.

However, the compatibility analysis should take into account the real implementation of the GE06 Plan. In particular:

(i) 
Assignments in GE06 were not taken into account

Assignments of high power transmitters form an important part of the GE06 Plan. In some cases they are part of a Single Frequency Network (SFN) structure, and at the other extreme many countries planned only using such assignments. These have to be taken into account when assessing the compatibility between broadcasting services and mobile services based on IMT-2000 technology. The initial Plan from the Conference only includes the higher power assignments. There will also be large numbers of additional lower power assignments added to the Plan as it evolves, providing local infill broadcasting service repeaters. These repeaters can be either in isolation or become part of an SFN, and usually require good guaranteed reception of an incoming broadcast signal, which is then re-transmitted.

(ii) 
Increased and variable interference level in the GE06 Plan has not been taken into account

During the RRC-06, a high number of coverage layers (7-8) were obtained. This was achieved at the price of a higher level of interference, which was compensated by a higher required transmit power. Therefore, in several areas, the assumed maximum level of interference caused by surrounding allotments and assignments may be much higher than assumed in the working document “Sharing studies between IMT-2000 and terrestrial digital broadcasting in the 470‑806/862 MHz band” WP 6E would also like to stress the fact that some GE06 entries are still subject to negotiations between administrations for their implementation. 

(iii) 
Non-regular SFN structures 

In several administrations in Regions 1 and 3, the major part of broadcast networks use SFNs. Therefore, analysis with single frequency networks should be included in the compatibility analysis.

SFNs may have non regular structures. 

(iv) 
Portable reception was only taken into account for co-channel compatibility assessment 

WP 6E regrets that the DVB-T portable reception scenario has been studied for the assessment of interference caused by IMT-2000 to DVB-T reception only in the co-channel case. Due to the potential small distance between IMT-2000 terminals and DVB-T reception antenna, the cases “portable indoor” and “portable outdoor” may lead to critical results.

e) 
SEAMCAT for interference assessment

The whole description of the usage of SEAMCAT software tool are described in the ERC Report 68 (www.ero.dk).

A8.6
Conclusions and proposals for future studies

As IMT-2000 is a globalize system, any compatibility studies should not be limited to the systems and the RNs/RPCs used by RRC‑06, but should instead encompass all potential network configurations likely to be used by broadcasting services ranging from – sparse high power multi-frequency networks broadcasting to fixed outdoor antennas, to more dense single frequency networks broadcasting to mobile devices. The collection of systems data on all ITU-R digital terrestrial television television and multimedia broadcasting systems specified in Recommendation ITU-R BT.1306 should be considered.

A review should be undertaken of relevant ITU-R Recommendations and referenced standards in a course of any future study.

In the future studies, the propagation models, co-existence scenarios, system and network parameters, such as antenna heights, cell range, etc, need to be reviewed.

______________






� 	This representative value could apply in a rural (low population density) coverage scenario.
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