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Introduction

The TS25.104 definition of ancillary equipment and theTS25.106 “conducting connection” between base station and repeater in the donor link are overlapping. This was identified and discussed during the RAN4 meeting #20.

It has been suggested that the possibility to apply conducting connection in the donor link shall be disallowed in the specification in order to remove this overlap. Recognising the need to remove the overlap, Allgon believes that the mode of connection may not be the optimum delimiter between the two specifications.

This paper aims at demonstrating that conducting connection adds value to the UTRAN network, and that it has no negative impact on the system compared to the off the air connection of repeaters. Further it aims at finding a delimiter removing said overlap while maintaining the values in both specifications.

The usefulness of conducting connection in the repeater donor link

In the document (Tdoc R4020178) it is claimed that the application of repeaters with conducting connection donor links serve the purpose of micro (and pico) base stations. This is one possible application, but it is not the most common application used in other systems today. 

Repeaters are very often used in positions where the cell shape has to be modified in order to reduce the administrative load on the cell. Typical and common examples are different types of tunnel coverage. In the exemple of arranging coverage in a subway system, it is common to arrange base stations in the train stations, whereas repeaters distribute the signals in the tunnels. The coupling between repeaters and base station must in these cases many times be via conducting connection, both due to difficulties in arranging sufficient isolation between donor and service antennas in the tunnel, and because the donor signal will be blocked by the train when it passes the tunnel. Replacing the repeaters with micro base stations would increase the amount of handovers dramatically, since all the traffic arriving to the cell is on the same train. These applications are often already put in place and prepared for the arrival of UMTS. 

Disallowing conducting connection would prevent the reuse of existing infrastructure and delay the rollout in many common communication areas where early UMTS rollout could be expected. It would also limit the general application of reshaping the cell with repeaters to applications that can be accomplished with air-coupled repeaters.

The impact of replacing air coupled repeater donor link with conducting connection.

In the scenarios for simulations leading to the UTRA repeater specifications TS25.106 and TS25.143, only coupling loss was assumed. No prejudice was made on the mode of connection. The properties of a repeater as described in the specifications and the impact of replacing air-coupled connection with conducting connection in the donor link shall be discussed below.

Frequency bands and channels arrangements: Not affected by the mode of connection in the donor link.

Output Power: The power requirements are not affected by the mode of connection in the donor link. Further, the protection of the donor base station will function equally for an air-coupled connection and a cable with the same coupling loss.  The power adjustments stipulated in this paragraph are slow compared to the power control. Since the gain is varying slowly, the variation can be compared with fading, and the repeater is essentially transparent to the power control if installed properly (so that the ALC is not activated)

Frequency stability: Will be the same in both types of donor link connections. The stringent requirements make the performance of a BS in cascade with a repeater in this parameter equal to the donor base station itself for all practical purposes.

Out of band gain: In the down link, the signal to the repeater donor can be expected to have less interference in the case of conducting connection than in the case of air-couple connection. The resulting downlink signal at the repeater service port is hence potentially containing less interference in the case of conducting connection. In the uplink, the signal arriving in the base station from the repeater will be identical (given that the same noise margin is applied in the two connection cases. However, in the case of conducted connection, the interference impact on other cells than the donor cell will be reduced in the case of conducting donor link connection.

Unwanted emission: The downlink spectrum emission from the repeater will be identical in the two modes of connection discussed. Replacing air-coupled connection with conducting connection removes the emissions from the donor link into the air. The impact on the donor base station is identical. Further, the emission requirements for the repeater are identical to those of a base station of the same power class. Replacing the conducted connection coupled repeater with a base station will hence not change the total unwanted power emitted in the system.

Spurious emissions: In the downlink, the emitted spurious power emitted is independent of the mode of donor link connection. In the uplink, the emitted spurious will reach the air only in air coupled donor link case. Further, the downlink spurious requirements are identical to the requirements for a base station. Replacing a conducted connection coupled repeater with a base station will not change the total spurious emission in the system.

EVM: In the downlink, the actual EVM from the repeater is the same if the repeater has an air coupled donor link connection, as if it is coupled via cable. However, the interference from other cells and signals may impact the downlink signal negatively in the case of air-coupled connection. In the uplink, the EVM performance is identical for the two modes of connection. If compared with a base station, it is clear that any EVM in the repeater will add (RSS) to the EVM in the donor signal from the base station. 

PCDE: In the downlink and in the uplink, the impact on the peak code domain error from the mode of operation is the same as it is in the case of EVM. When comparing with a base station, the peak code domain error of the repeater will add to that of the donor base station in both uplink and downlink. It should be noted that the requirements for the repeater is 2 dB lower than the requirements for base station, making this impact substantially smaller.

Input Intermodulation: This requirement, together with the out of band gain, describes the repeater “selectivity” and “blocking” properties. The type of connection between the repeater and its donor base station will not alter this property significantly. In the uplink, the performance will be identical, whereas in the downlink, the conducting connection eliminates the risk of interfering signals. The risk of such high signals levels on the donor port is however rather insignificant in normal mobile systems. Compared to the base station, the input intemodulation requirement can be said to be a much harder requirement than the blocking requirement on the base station (minimum coupling loss scenarios are in the repeater case 40 dB and in the base station case 70 dB, which would explain the difference).

This section has shown that for all repeater parameters specified, the system performance for a base station in cascade with a repeater using conducting connection in the donor link is equal or better than the same configuration using air coupled donor link.

Further, it has been shown that the impact from a system of a base station in cascade with a repeater using conducting connection donor link is comparable to the impact from two base stations, and hence that replacing a conducting connected repeater with a base station does not reduce the negative impact on other systems.

It has also been shown that the in band performance (i.e. the used carrier performance) can be better with two separate base stations than with one base station and a repeater - at least concerning the above described parameters.

The conclusion of the two above sections is that it is harmless and valuable to allow repeaters suitable for air connection to be connected to the donor base station via conducting connection.

Discussing suitable delimiters between ancillary equipment and repeaters.

When introducing the definition of a base station with the inclusion of ancillary equipment, it does not appear to have been the intention to exclude the use of repeaters of any mode of connection. The ancillary equipment in mind appears to have been tower mounted amplifiers and boosters, rather than repeaters.

When introducing repeaters, the intention was to introduce a network element that would increase the flexibility for the operator when designing a network. It was not the intention to include ancillary equipment in the specification. 

The use of mode of connection as a delimiter can create specific definition problems regarding antenna coupling. The position that the signal some must pass the air can create a market for devices like wave guides, or even air coupled capacitors to be used in order to overcome the air-coupled requirement in the repeater applications described above. This equipment will not add any functionality to the system if a proper delimiter between ancillary equipment and repeaters is used.

As demonstrated above, the mode of connection, currently suggested as a delimiter between ancillary equipment and repeaters is not ideal for this purpose. Ancillary equipment can be identified by the fact that it is comparatively close to the base station, whereas repeaters are typically far away from the base station. The coupling loss between the base station and the element could well be used as a delimiter. It is here foreseen that anything intended for connection to the base station with coupling loss below a certain value could be defined as ancillary equipment, whereas equipment intended for connection with a coupling loss above this value could be defined as repeaters, or at least would be allowed to be defined as repeaters. As demonstrated above, ancillary equipment has potentially better in-band performance, and it could be a value to have equipment with higher coupling loss compensation tested as ancillary equipment for this reason.

Applying this delimiter will still require a change in the repeater definition in TS25.106 and in TS25.143. It may also require a change in TS25.104 and TS25.141 regarding the definition of ancillary equipment. A requirement on minimum gain can be added to the repeater specifications if the coupling loss definition requires testing on an element basis.

Conclusion
Conducting coupling in the donor link between repeater and base station is a valuable possibility that offers no better alternative in certain applications in networks of today, and also of tomorrow.

Conducting coupling in the donor link between repeater and base station is providing better or equal performance regarding all regulated repeater parameters than does air coupled donor link.

Replacing a conducting connection repeater fulfilling TS25.143 with a base station fulfilling TS25.141 does not change the nominal emitted spurious power.

RAN4 delegates are kindly asked to consider coupling loss as a delimiter between repeaters and ancillary equipment being a part of a base station.

