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1. Introduction

The motivation for introducing multi-carrier architectures is to reduce hardware complexity and energy consumption and that introduction of multi-standard transceivers facilitates migration from GSM to recent radio access technologies such as UMTS and LTE, whilst keeping the same hardware. This allows operators to quickly migrate to advanced radio technologies while improving their return on investments on existing radio technologies. MCBTS systems have the potential to increase emissions in adjacent bands and hence it must be verified that no compatibility issue is introduced when deploying these systems in the Asia Pacific region.

2. Scope

Due to the expected widespread deployment of GSM MCBTS systems in the Asia Pacific region the Report will serve as a guideline to regulators, operators, and vendors as they deploy MCBTS systems in the region. The objective of this Report is to share information with administrations and operators in the Asia Pacific region so that they can assess any potential impact of the deployment of MCBTS systems in their territories networks.
3. Description of GSM MCBTS

Multicarrier transceiver technology in the case of GSM BTS allows several GSM carriers to be processed by a single transmitter and power amplifier in the downlink direction and by a single wideband receiver in the uplink direction.

3GPP has completed the specification (3GPP TR 45.050 http://www.3gpp.org/ftp/Specs/archive/45_series/45.050/ ) of GSM Multicarrier Base Stations (MCBTS) for the GSM 900 and 1800 frequency bands. GSM MCBTSs have relaxed specifications (as compared to Single Carrier Base Transceiver Stations (SCBTS)) in the area of intermodulation, spurious emissions (on the transmitter side) and blocking requirements (on the receiver side). Relaxed intermodulation and spurious emission requirements may potentially create additional interference to systems operating in adjacent bands.

Multicarrier transceiver technology in the case of GSM BTS allows several GSM carriers to be processed by a single transmitter and power amplifier in the downlink direction and by a single wideband receiver in the uplink direction. A comparison of the conventional architecture with such a new Multi Carrier Base Station (MCBTS) architecture is depicted below.
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MCBTS Architecture

Figure 1: Comparison of traditional and MCBTS Architectures

The MCBTS architecture has several advantages:

a) The analog RF components (mixers, amplifiers, oscillators, filters, etc.) are needed only once per antenna instead of once per carrier. The per-carrier circuitries are shifted to the digital part where they can be integrated into a few chips of silicon. 

b) The loss of energy in the passive TX combiner is avoided because the carriers are combined in the digital domain (by mathematical ADD operation on digitized carrier signals) and the multicarrier PA output goes directly to the antenna. This results in a better power efficiency of the BTS when multiple carriers are to be transmitted over one antenna (the more carriers per antenna the more efficient the improvement).

c) Operators benefit from higher integration level, that reduces site requirements, leads to higher power efficiency and to reduced complexity of the antenna systems.

4. Usage of the frequency bands (900 and 1800 MHz) in APT

900 MHz band

In APT countries, the frequency range 880 - 960 MHz is used mainly by mobile systems. There are also military radio relay links and aeronautical radionavigation systems.

The Radio Regulations reflect the following allocations for Region 3:

	Region 3

	610-890

	FIXED

MOBILE  5.313A  5.317A

BROADCASTING

5.149 5.305  5.306  5.307 5.311A  5.320


	Region 3

	890-942
FIXED

MOBILE  5.317A
BROADCASTING

Radiolocation

	

	

	5.327

	942-960
FIXED

MOBILE  5.317A
BROADCASTING

	5.320


5.305
Additional allocation:  in China, the band 606-614 MHz is also allocated to the radio astronomy service on a primary basis.

5.306
Additional allocation:  in Region 1, except in the African Broadcasting Area (see Nos. 5.10 to 5.13), and in Region 3, the band 608-614 MHz is also allocated to the radio astronomy service on a secondary basis.

5.307
Additional allocation:  in India, the band 608-614 MHz is also allocated to the radio astronomy service on a primary basis.

5.311A
For the frequency band 620-790 MHz, see also Resolution 549 (WRC‑07).     (WRC‑07)
5.313A
The band, or portions of the band 698-790 MHz, in Bangladesh, China, Korea (Rep. of), India, Japan, New Zealand, Papua New Guinea, Philippines and Singapore are identified for use by these administrations wishing to implement International Mobile Telecommunications (IMT). This identification does not preclude the use of these bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations. In China, the use of IMT in this band will not start until 2015.     (WRC‑07)

5.317A
Those parts of the band 698-960 MHz in Region 2 and the band 790-960 MHz in Regions 1 and 3 which are allocated to the mobile service on a primary basis are identified for use by administrations wishing to implement International Mobile Telecommunications (IMT). See Resolutions 224 (Rev.WRC‑07) and 749 (WRC-07). This identification does not preclude the use of these bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.     (WRC‑07)
5.320
Additional allocation:  in Region 3, the bands 806-890 MHz and 942-960 MHz are also allocated to the mobile-satellite, except aeronautical mobile-satellite (R), service on a primary basis, subject to agreement obtained under No. 9.21. The use of this service is limited to operation within national boundaries. In seeking such agreement, appropriate protection shall be afforded to services operating in accordance with the Table, to ensure that no harmful interference is caused to such services.

5.327
Different category of service:  in Australia, the allocation of the band 915-928 MHz to the radiolocation service is on a primary basis (see No. 5.33).

1800 MHz band

In APT countries, the frequency range 1710 - 1880 MHz is used mainly by mobile systems. 

The Radio Regulations reflect the following allocations for Region 3:

	Region 3

	1 710-1 930
FIXED


MOBILE  5.384A  5.388A  5.388B

5.149  5.341  5.385  5.386  5.387  5.388


5.384A
The bands, or portions of the bands, 1 710-1 885 MHz, 2 300-2 400 MHz and 2 500-2 690 MHz, are identified for use by administrations wishing to implement International Mobile Telecommunications (IMT) in accordance with Resolution 223 (Rev.WRC‑07). This identification does not preclude the use of these bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.  (WRC‑07)
5.385
Additional allocation:  the band 1 718.8-1 722.2 MHz is also allocated to the radio astronomy service on a secondary basis for spectral line observations.     (WRC‑2000)
5.386
Additional allocation:  the band 1 750-1 850 MHz is also allocated to the space operation (Earth-to-space) and space research (Earth-to-space) services in Region 2, in Australia, Guam, India, Indonesia and Japan on a primary basis, subject to agreement obtained under No. 9.21, having particular regard to troposcatter systems. (WRC‑03)
5.387
Additional allocation:  in Belarus, Georgia, Kazakhstan, Mongolia, Kyrgyzstan, Slovakia, Romania, Tajikistan and Turkmenistan, the band 1 770-1 790 MHz is also allocated to the meteorological-satellite service on a primary basis, subject to agreement obtained under No. 9.21.     (WRC-07)
5.388A
In Regions 1 and 3, the bands 1 885-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz and, in Region 2, the bands 1 885-1 980 MHz and 2 110-2 160 MHz may be used by high altitude platform stations as base stations to provide International Mobile Telecommunications‑2000 (IMT‑2000), in accordance with Resolution 221 (Rev.WRC‑03). Their use by IMT‑2000 applications using high altitude platform stations as base stations does not preclude the use of these bands by any station in the services to which they are allocated and does not establish priority in the Radio Regulations.     (WRC-03)
5.388B
In Algeria, Saudi Arabia, Bahrain, Benin, Burkina Faso, Cameroon, Comoros, Côte d’Ivoire, China, Cuba, Djibouti, Egypt, United Arab Emirates, Eritrea, Ethiopia, Gabon, Ghana, India, Iran (Islamic Republic of), Israel, the Libyan Arab Jamahiriya, Jordan, Kenya, Kuwait, Mali, Morocco, Mauritania, Nigeria, Oman, Uganda, Qatar, the Syrian Arab Republic, Senegal, Singapore, Sudan, Tanzania, Chad, Togo, Tunisia, Yemen, Zambia and Zimbabwe, for the purpose of protecting fixed and mobile services, including IMT‑2000 mobile stations, in their territories from co‑channel interference, a high altitude platform station (HAPS) operating as an IMT‑2000 base station in neighbouring countries, in the bands referred to in No. 5.388A, shall not exceed a co-channel power flux-density of ‑127 dB(W/(m2 · MHz)) at the Earth’s surface outside a country’s borders unless explicit agreement of the affected administration is provided at the time of the notification of HAPS.      (WRC-03)
5. Systems assessed
AWG examined the extensive compatibility studies already performed in Europe on the compatibility of GSM MCBTS and other services in the 900 and 1800 MHz bands. These studies were comprehensive in their consideration of multiple co-existent systems, which are relevant to the case of APT countries including:

· Aeronautical systems

· Tactical Radio Relay (TRR) links

· Aeronautical Radio Navigation Services (ARNS)
· High Capacity Spatial Division Multiple Access (HC-SDMA)

· Military systems

· Digital Enhanced Cordless Telecommunications (DECT)

· Global System for Mobile Communications - Railway (GSM-R) 
ECC Report 146, “Compatibility between GSM MCBTS and other services (TRR, RSBN/PRMG, HC-SDMA, GSM-R, DME, MIDS, DECT) operating in the 900 and 1800 MHz frequency bands”, was published in June 2010 by the Electronic Communications Committee (ECC) within the European Conference of Postal and Telecommunications Administrations (CEPT). This report reflects the results of: 
· coexistence studies between GSM MCBTS and Tactical Radio Relay (TRR) links in the 915 - 935 MHz band;

· coexistence studies between GSM MCBTS and ARNS (RSBN/PRMG) system operating in the 915 - 935 MHz band;

· coexistence studies between GSM MCBTS and HC-SDMA system operating in the 1787.5 - 1802.5 MHz;

· sharing and compatibility studies between GSM MCBTS and Aeronautical systems in 960 - 1215 MHz (DME);
· coexistence studies between GSM MCBTS and military systems above 960 MHz (MIDS);
· coexistence studies between GSM MCBTS and DECT in the band 1880 - 1990 MHz and
· studies on minimum distances between public GSM MCBTSs and GSM-R along railway tracks including interference mitigation technique between GSM networks using MCBTSs and GSM-R networks operating in the same geographical area.
Systems deployed in the bands and adjacent to the bands 900 and 1800 MHz have also been studied by the AWG. On the basis of the European studies it was concluded that the only additional consideration of relevance for the Asia Pacific region was for co-existent mobile systems in the 850MHz band. A sharing study was therefore completed by AWG on the impact of GSM 900 MHz MCBTS introduction on adjacent systems in the 850 MHz band in Asia Pacific.
6. Results of studies

The AWG supports the conclusions reached by ECC Report 146, which were presented in the Executive Summary of that document as follows: 

“The following conclusions can be drawn based on the analysis in this Report:

· For the TRR case there are no changes for MCBTS compared to SCBTS when it concerns the planning of the two systems adjacent to each other for carrier separation less than 1 MHz. For larger carrier separation site engineering is required together with a separation distance of 2-3 km to keep the TRR cell size as for the SCBTS case.

· Considering the worst case, the interference criteria for RSBN and PRMG are met when RSBN/PRMG is operated with at least 1 MHz carrier separation from the lowest carrier of MC BTS. Taking into account averaging effects (like GSM power control and DTX) the compatibility will improve considerably.

· The probability of interference from MCBTS to the nearest HC-SDMA channel is negligible.

· For the coexistence between GSM MCBTS and GSM-R, the MCL analysis indicates that under certain worst-case conditions the GSM-R network can experience interference, but also that the dominating interference effects are the blocking and adjacent channel performance of the GSM-R terminal. GSM-R terminals performances can be improved by additional filtering. The simulation analysis which also incorporates dynamic aspects of both networks show that the minimum required separation distances range between 20 meters and 55m, depending on the network assumptions. A carrier separation of 0.4 MHz (0.2 MHz between the edges of the channels) between GSM MC BTS and GSM-R as defined in ECC/DEC/(02)05 is thus sufficient to avoid harmful interference to GSM-R downlink due to unwanted emissions from a MCBTS, both class 1 and class 2.

· The interference between GSM MCBTS and DME has been studied for rural and urban scenarios. For current DME deployments, at 977 MHz and above, there will be no increase in interference from MCBTS in relation to SCBTS. This is due to the fact that for such an offset, the unwanted emissions from an SCBTS and an MCBTS have the same characteristics. 

In case DME is deployed below 977 MHz, a detailed analysis has been carried out. Realistic aspects such as power control for GSM and polarisation discrimination were considered in the simulations.

When power control is used, the result is that no additional isolation is needed for the unwanted emissions from MCBTSs for either the rural or the urban scenario, for both classes 1 and 2, for any altitude of an aircraft. 
When power control is not used in GSM downlink, the results are as follows:

· for BTS Class 1, no additional isolation is needed

· for BTS class 2:

· no additional isolation is needed when the DME frequency is above 962 MHz.

· For a DME frequency of 962 MHz: an isolation of 4 dB is needed for the urban scenario studied (for an aircraft altitude below 200m);  an isolation of 2 dB (below 200m) to 5 dB (above 1000m) is needed for the rural environment. For altitudes of 1000m and above, simulations considering average behaviour of base stations show that there is sufficient isolation. 

It should be noted that power control is a widely deployed technique in the mobile networks so that no specific measure would be necessary to GSM MC BTS so as to fulfil the interference criterion of DME. Additionally, a number of possibilities to improve the compatibility between DME and GSM MC that do not appear in the simulations results have been investigated in this Report.

· In the case of coexistence between MC BTS and MIDS, the protection distance between GSM MC base station and MIDS stations should be up to 1 km in the worst case (if the MIDS receiver is placed in the direction where the GSM MC base station antenna gain is maximum) to avoid any interference on each MIDS frequency above 1 GHz. However, the protection distance when the MCBTS sector is transmitting directly in the main lobe of the MIDS antenna is reduced if the real unwanted emission level of the GSM MC equipment is better than specified. An improvement of 12 dB compared to the 3GPP specification in the 1000 - 1206MHz MIDS band (corresponding to the 1-12.75GHz spurious band) ensures the compatibility and no additional separation distance is required to enable adjacent band sharing between MCBTS and the MIDS receiver. In the worst case (if the MIDS receiver is placed in the direction where the GSM MC base station antenna gain is maximum), for a separation distance greater than 1 km, no specific measure is needed. For other azimuths of antenna, the separation distance and the additional filtering requirements decrease. In this context, it should be noted that this study does not take into account the regulatory status of JTIDS/MIDS, which operates in the band 960 - 1215 MHz under the conditions of provision 4.4 of the Radio Regulations.
· Blocking of DECT is the dominating interference mechanism, is spite of increased unwanted emissions (intermodulation products and spurious) from MCBTS compared to single carrier GSM BTS. It can be concluded that the interference created by the GSM MC system would be the same to the interference created by GSM Single carrier. The conclusion is the same as for the previous study “Compatibility between certain Radio Communications Systems Operating in Adjacent Bands: Evaluation of DECT / GSM1800 Compatibility”, ERC Report 100, February, 2000., that no guard band is required between the 1800 and DECT allocations, provided that DECT is able to properly detect GSM interference on closest DECT carriers F9-F7 and escape to more distant carriers F6-F0.
· All the studies were done mainly using worst-case situations for the MCBTS network structure and channel plan, resulting in a pessimistic interference assessment compared to real network deployments. The baseline assumption in each co-existence study has been the GSM MCBTS specification. For some co-existence studies the specification has been used in conjunction with other agreed assumptions, to reflect realistic behaviour of GSM MCBTSs. The main source of interference from an MCBTS with an offset of 1.8 - 10 MHz are intermodulation products which means that the interference is not evenly spread out over this frequency range but rather consists of occasional peaks, decreasing in magnitude with increasing frequency offset.  Individual intermodulation products will be at a level not greater than that defined in the ETSI MCBTS specification. This need to be taken into account in certain scenarios, since assuming a constant interference level would seriously overestimate the interference generated. In particular, when a large number of base stations together are responsible for the interference, the analysis needs to reflect the statistical characteristics that results from this, as it would be incorrect to assume that all base stations are simultaneously interfering maximally over the whole interfered frequency interval. The methodology has been explained in detail in Annexes 1, 3, 9 and 10.
Concerning the interference from other systems to GSM MCBTS it can be concluded that the situation does not change compared to GSM SCBTS.”
From the AWG sharing study on the impact of GSM 900 MHz MCBTS introduction on adjacent systems in the 850 MHz band in Asia Pacific, it is concluded that introduction of MCBTS technology for GSM 900 MHz systems in the APT region, would pose negligible risk to the performance of existing Mobile systems in the 850 MHz band, and manageable risk to systems in the 900 MHz band moving from SCBTS to MCBTS technology.
7. Summary

This Report has assessed the potential impact on existing systems of the widespread deployment of GSM MCBTS with its multicarrier transceiver technology.  The introduction of multi-carrier transceivers will facilitate migration from GSM to more advanced radio access technologies such as UMTS and LTE, while keeping the same hardware.  The studies show that, while there may be some adaptations needed to accommodate the increased emissions in adjacent bands, there are no technical impediments to deploying these systems in the Asia Pacific region.
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