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1
Introduction

This document contains a description of the Wideband Distribution Systems (WDSs), their relation with the standardisation of the base station (BS) classification, and their differences to the repeaters. It is to be considered an integration of [1] for a better understanding of the WDSs and their position in the 3GPP. We propose to integrate clause 4 of [1] with the text contained in this contribution. 
2
WDS Architecture

Figure 1 shows a block scheme of the WDS, each block contains a function of a WDS. On the left side are drawn the downlink (DL) and uplink (UL) interfaces between the WDS and a Base Station (BS), on the other side is shown the interface with the remote antenna connector. All functions of the WDS are presented: starting from the DL interface a pass band filter centred on the carrier in use separates the wanted power from the rest of the spectrum. After the filter a variable attenuator performs the automatic level control (ACL) on the signal. The ACL is connected to the passive distribution system of the WDS, that delivers the signal to a power amplifier (PA), that models how the WDS achieves the desired output signal level with minimum signal degradation. In a multi-carrier scenario, the PA is a multi-carrier PA (MCPA). At the antenna connector the signal is again filtered before being transmitted to the remote antenna. On the UL path, the antenna connector is followed by a filter, that is connected to a Low Noise Amplifier (LNA), which delivers the signal to the passive distribution network of the WDS. The signal then reaches the UL interface with the BS. Each remote head conveyed to a single sector increases the UL noise figure (NF) by 10log(N).

Let us call NFsist the noise figure of a WDS connected with one Node B and one antenna (fig. 2(a)), if the WDS connects the Node B to N remote radio frequency heads (RRFHs), then we have N parallel connections (fig. 2(b)), each of them has NFsist , the NF of the whole system is given by the sum of the single NF:

NFtot = NFsist + NFsist +…+ NFsist = N* NFsist
In dB

NFtot(dB) = NFsist(dB) + 10log(N)
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Figure 1
WDS RF ports
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Figure 2
(a) WDS connected to one Node B and One remote antenna; (b) WDS connected to N remote radio frequency heads.

3
WDS and Repeaters

A repeater is defined (TS25.106, V4.1.0) as a device that receives, amplifies and transmits the radiated or conducted RF carrier both in the downlink and in the uplink directions. The experience of GSM shows that repeaters are used to cover dark spots in the coverage area of the operators.

Because of the specific features and possibilities offered by the WDSs, they cannot be considered an integral part of Node B; on the other hand they are very different from repeaters and cannot be classified as such. Specific technical details are now presented. The WDSs are physically connected to Node B according to capacity and coverage planning requirements, and they are meant for larger network portions than the repeaters. They are NOT used on simulcasting configuration (a Node B connected to a WDS cannot be simultaneously directly connected to a local antenna), and therefore provide consistent and reliable performance as integral part of the access network, including minimisation of uncertainties in UE location. Because of the tight interface to Node B, WDSs have low or moderate RF gain. Therefore they do not need complex filtering techniques to provide control of in-band and out-of-band spurious emissions; additionally, WDSs allow for controlled and reliable performance in both single- and multi-vendor scenarios, leading to ease of planning. WDSs show quite large in-band Dynamic Range, in line with Node B performance and substantially larger than RF repeaters (see table 2).

The above listed items show the capability of WDSs of supporting Node B performance, and their substantial difference from repeaters as the latter are stand-alone devices with little network integration and critical deployment parameters to be considered, e.g. donor and coverage antenna isolation, adjacent channel rejection, co-channel interference amplification. WDSs are meant as radio interface remotisers for one or more dedicated Node B, while repeaters are meant for filling gaps and extending the coverage of existing cells.

Moreover in the RAN4 meeting #20 it was agreed that the WDS is a solution especially for micro/pico base stations, and that the positioning of the WDS in the 3GPP specifications should be hold as long as the TS in the pico/micro BS is not ready. This view was shared both by the operators and the OEMs. 

For all the above motivations, the WDS should be considered a standalone network element as long as the TS on the mico/pico BS is not ready, and then, based on that specification the standardisation of the WDS could be reconsidered.

4
Conclusions

In this document we have described the architecture and functions of the WDS; also the differences between WDSs and repeaters have been highlighted. The scope of this work is to improve the technical content of [1] and to provide a better understanding of the WDS network elements.

References

[1]
3GPP TR25.867 v1.0.0 “Feasibility Study for Wideband Distribution systems in 3rd Generation Networks”

……Clauses 1, 2, and 3 unchanged……………………….
4
Definition of WDS in FDD UTRAN

4.1
Introduction

UTRAN FDD Base Stations can sometime include Ancillary Equipment like masthead amplifiers or remote radio heads, that may add flexibility and reduce cost of installation. These solutions are embedded in the BS as ancillary RF amplifiers and are therefore seen as integral part of it in a single-vendor deployment scenario. In order to improve the flexibility of the radio access network solutions, a new type of equipment, called Wideband Distribution System, is proposed here. The WDSs are, altogether similar devices, capable of remotisation of BS RF interface, and of offering flexible and multiple RF interfaces to one or more BS or sub-equipped BS. The so-defined WDS shall include one or multiple RF front-ends, RF transmission, and interfaces capable of supporting one or multiple BS. The WDS may be designed to operate in any full UTRA FDD paired or TDD bands according to regional requirements. Similar definitions are possible in TDD scenarios and may be considered as part of further work, and analysis of the TS 25.105  UTRA (BS) TDD specification has not highlighted any parameters that suggest WDS would not comply in a TDD environment. The degree of performance impact shall be assessed in this document  to understand the effect on multi-carrier WCDMA signals in order to maintain compliance to the relevant standard in the coverage area. The test and simulation scenarios in this report are made with the assumption that of no impact from any passive distribution system. Therefore the results are of an ideal nature and may need to be adjusted to suit the class of base station utilised for deployment.

4.2
WDS Architecture

Figure 4-1 shows a block scheme of the WDS, each block contains a function of a WDS. On the left side are drawn the downlink (DL) and uplink (UL) interfaces between the WDS and a Base Station (BS), on the other side is shown the interface with the remote antenna connector. All functions of the WDS are presented: starting from the DL interface a pass band filter centred on the carrier in use separates the wanted power from the rest of the spectrum. After the filter a variable attenuator performs the automatic level control (ACL) on the signal. The ACL is connected to the passive distribution system of the WDS, that delivers the signal to a power amplifier (PA), that models how the WDS achieves the desired output signal level with minimum signal degradation. In a multi-carrier scenario, the PA is a multi-carrier PA (MCPA). At the antenna connector the signal is again filtered before being transmitted to the remote antenna. On the UL path, the antenna connector is followed by a filter, that is connected to a Low Noise Amplifier (LNA), which delivers the signal to the passive distribution network of the WDS. The signal then reaches the UL interface with the BS. Each remote head conveyed to a single sector increases the UL noise figure (NF) by 10log(N).

Let us call NFsist the noise figure of a WDS connected with one Node B and one antenna (fig. 4-2(a)), if the WDS connects the Node B to N remote radio frequency heads (RRFHs), then we have N parallel connections (fig. 4-2(b)), each of them has NFsist , the NF of the whole system is given by the sum of the single NF:

NFtot = NFsist + NFsist +…+ NFsist = N* NFsist
In dB

NFtot(dB) = NFsist(dB) + 10log(N)
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Figure 4-1
WDS RF ports
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Fig.4-2(a)
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Fig. 4-2(b)

Figure 4-2
(a) WDS connected to one Node B and One remote antenna; (b) WDS connected to N remote radio frequency heads.

The key attribute of WDS is its capability to enable the radio interface of a number of BS to be remote, and hence support a distributed multi-carrier and multi-operator network. The WDS is in general an active device and includes, but is not limited to, one or multiple RF front-end (LNA, MCPA) and RF transmission interfaces capable of supporting one or multiple BS. Other ancillary functions may be included as required for best system integration. It also includes O&M facilities and interfaces in order to fulfil any supervision requirements.
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Figure 4-3
Network Configuration with WDS.

The WDSs generally include a number of functions that are required for correct operation. Those functions are listed and described in Table 4-1 here below:

Table 4-1
WDS functions breakdown

	Function Definition
	Function Description

	Centralised multi-operator RF interface
	It provides RF independent interface to multiple BS belonging to different networks. It must include provisions such as RF isolation (>30dB), power threshold detectors, and ALC to prevent that any malfunctioning at one network may affect other networks. Transmit RF power at BS interface can be as low as a fraction of a Watt

	Transmission 
	It provides the proper wideband link to a number of remotely placed sites that host suitable RF amplifiers and other devices (RF front-end) 

	RF transmit MCPA
	It amplifies all available RF channels in the downlink direction, and therefore shall offer suitable signal level and separation in a multi-carrier scenario. 

Power classes can be defined on a wide range, and amplifier technology shall accordingly change to maintain best efficiency

	RF receive LNA
	It amplifies uplink signals before they are fed back to BS receivers. Its dimensioning is basic in order to optimise uplink dynamic range (NF, Intermods, Blocking)

	RF filtering/diplexing
	It provides a common TX/RX antenna connector at the remote site, and includes proper selectivity for achieving interference protection as required in the various deployment scenarios

	Other functions
	Other functions shall be included if applicable, e.g. diversity and O&M


4.3
WDS and Repeaters

A repeater is defined (TS25.106, V4.1.0) as a device that receives, amplifies and transmits the radiated or conducted RF carrier both in the downlink and in the uplink directions. The experience of GSM shows that repeaters are used to cover dark spots in the coverage area of the operators.

Because of the specific features and possibilities offered by the WDSs, they cannot be considered an integral part of Node B; on the other hand they are very different from repeaters and cannot be classified as such. Specific technical details are now presented. The WDSs are physically connected to Node B according to capacity and coverage planning requirements, and they are meant for larger network portions than the repeaters. They are NOT used on simulcasting configuration, and therefore provide consistent and reliable performance as integral part of the access network, including minimisation of uncertainties in UE location. Because of the tight interface to Node B, WDSs have low or moderate RF gain. Therefore they do not need complex filtering techniques to provide control of in-band and out-of-band spurious emissions; additionally, WDSs allow for controlled and reliable performance in both single- and multi-vendor scenarios, leading to ease of planning. WDSs show quite large in-band Dynamic Range, in line with Node B performance and substantially larger than RF repeaters (see table 5-1).

The above listed items show capability of WDSs of supporting Node B performance, and their substantial difference from repeaters as the latter are stand-alone devices with little network integration and critical deployment parameters to be considered, e.g. donor and coverage antenna isolation, adjacent channel rejection, co-channel interference amplification. WDSs are meant as radio interface remotisers for one or more dedicated Node B, while repeaters are meant for filling gaps and extending the coverage of existing cells.

Moreover in the RAN4 meeting #20 it was agreed that the WDS is a solution especially for micro/pico base stations, and that the positioning of the WDS in the 3GPP specifications should be hold as long as the TS in the pico/micro BS is not ready. This view was shared both by the operators and the OEMs. 

For all the above motivations, the WDS should be considered a standalone network element as long as the TS on the mico/pico BS is not ready, and then, based on that specification the standardisation of the WDS could be reconsidered.

4.4
Practical Deployment Examples of WDS

Two examples are given only for information and topology understanding purposes of practical deployment for WDS, with reference to previous functions listing in table 4-1 Additional indications will require further study on a dedicated Technical Report on WDS Deployment Scenario.

4.4.1
In-building Deployment 

A standard layout is shown, where 2 centralised BS belonging to 2 different networks feed a WDS with 24 Remote Low Power RF Heads, with all RF channels distributed throughout the building (or part of it) in one single cell. The case could be easily expanded to a higher number of networks without affecting the concept.

In this deployment case coverage antennas are often fed by means of a small passive distribution network, i.e. 5 to 20 metres coaxial cable and RF splitters/couplers, for maximum losses in the range of 10dB at UMTS frequencies. This loss adds up to the RF path loss.  The number N of Remote Heads being conveyed on a single sector would increase UL NF by 10 Log N, and this will require further consideration in possible WDS specification and deployment scenarios.
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Figure 4-4
4.4.2
Outdoor Deployment for Small Cells

A possible layout is shown, where two centralised BSs feed a WDS with 1 Remote RF Head, with dedicated RF channels to each of the small outdoor cells that may be possible with WDS. The case could be easily expanded to a higher number of networks without affecting the concept. In this deployment case receive diversity path has been added. Hence uplink time delay and RF gain inequality control must be considered as a possible requirement.
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Figure 4-5
4.5
Benefits of WDS 

4.5.1
Technical and Deployment Aspects

Because of its very principle, WDS may bring technical and economical advantages as summarised here:

1.
Possible BS and RNC co-location in centralised equipment locations allowing shared facilities, increased implementation flexibility and trunking efficiency.

2.
Distributed RF wideband microcellular heads, with lower RF transmission power to cope with most stringent environmental compatibility and scalable traffic capacity requirements. 

3.
Better and easier flexibility in network planning and upgrading, and on capacity and location systems implementation

4.
Sharing opportunities, leading to cost reduction and reduced visual impact for cell sites with the added possibility of increased protection from co-channel and adjacent channel (intra-networks) interference

5.
Faster and easier network rollout and maintenance in currently established transmission infrastructures

6.
Enabling network manufacturers to ship base stations and other network elements more quickly

4.5.2
Standardisation Aspects

A standardisation process of WDS in the UMTS UTRA scenario is envisaged for:

1.
Removing technical uncertainty risks from operators and prevent from integration surprises

2.
Reducing the burden of additional responsibility for operators in defining their own specifications for WDS

3.
Enabling fulfilment of EU recommendations on network sharing in specific scenarios by providing a common radio distribution solution 

…………………………………………..

rest of the TR remains unchanged
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