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1. Introduction

This paper is addressing the CRs from Ericsson in the TDoc numbers R4-011385 and R4-011386. It gives some more details to the reasons for the Repeater definition, and it does include conducted emissions as well.
2. Repeater Definition

The history of the Repeater definition is coming from the GSM past and defines the Repeater as a device that 

„A Repeater receives amplifies and transmits simultaneously both the radiated RF carrier in the downlink direction (from the Base station to the mobile area) and in the uplink direction (from the mobile to the Base station).“ (GSM 05.05)

This definition clearly states that the coupling to the Base station has to be implemented through an antenna. The applications of Repeaters showed that for some implementations such as in-house coverage as well as for tunnel applications a direct coupling to the base station is of advantage to the network operators. This is the reason why in some countries a direct coupling to the Repeater has been allowed in addition to the coupling via an antenna. 

In the UTRA Repeater specification TS25.106 both has been considered in detail: the base station specification and the specifics of the UTRA Repeater as a bi-directional amplifier. 

For a detailed discussion the specifications has to be divided into off-channel and on-channel part. For off-channel requirements such as the unwanted emission the UTRA Repeater specifications are similar to the values of the base station. It is obvious that the on-channel performance will be slightly degraded. This has been discussed in detail before and a summary of that can be found in the system analysis part of TR25.956. 

Detailed discussion

In order to address the concerns in the change request from Ericsson we need to look at two scenarios:

A. Base station – Ancillary equipment   -    UE

B. Base station – Repeater    -    UE

In the case A the combination of base station and ancillary equipment has to be compliant to the specifications TS25.104 and TS25.141. 

As soon as we are looking at scenario B the base station will still have to be compliant to the specifications TS25.104 and TS25.141 but the Repeater has to be compliant to TS25.106 and TS25.143. In this case the network operator will always have to refer to the performance of a combination of both a base station compliant to TS25.104 and a Repeater compliant to 25.106. For details on the effect on the performance please refer to TR25.956, section 4. Declaring the scenario B to be compliant to TS25.104 is not possible. 

The scenario B with a combination of a base station and an UTRA repeater represents a system with slightly reduced output power as well as reduced on-channel performance. In terms of coverage this will reduce cell range and capacity. If the performance for the UE is regarded the scenario B approach will always be of less value to the network operator than the true base station in scenario A. This does not change at all for directly coupling the signal of a base station into the Repeater input compared to using an off the air coupling via an antenna. 

Hence the possibility to use a direct coupling of the BTS to the Repeater cannot be used as a “work around” to the BTS specification as the system effect is similar as in the air-coupled Repeater and can in no case be hidden. 

The use of a conducted connection also reduces the radiation of the Repeater since the uplink signal is not retransmitted into the air.  It furthermore allows the network operator to terminate the BTS into a dummy load if radiating a signal locally to the BTS is not desired.

Furthermore it shall be mentioned that a direct coupling between BTS and Repeater always involves a significant amount of attenuation between the BTS and the Repeater, just like if it was attenuated by the propagation path. This attenuation allows preservation of the BTS performance as well as the Repeater performance. 

The possibility of directly coupling to a Base station can be seen as an advantage for the network operator to address special areas in which a coverage solution with just a base station or a combination of base station and air-coupled Repeater would give a more difficult approach. Examples as the conducted connection used to "bend round corners" and cover areas with a combination of base stations and Repeaters might offer a significantly lower cost and power consumption than the case if only base stations were used. Conducted donor link connection may also be used where antenna arrangements with sufficient antenna isolation are difficult to obtain (e.g. in tunnels).

3. Conclusion

The performance of a combination of a Base station with a Repeater to provide coverage does not compare to the solution of just a Base station only. The usage of Repeaters does not allow to state that the combination of both is compliant to the Base station specification. In addition the conducting connection opportunity in the donor link between Base station and Repeater represents such a great value to the operators that a deletion of the directly coupled Repeater may not be desired. 

For this reason CR in R4-011385 and R4-011386 may not represent an improvement of the 3GPP specifications and we recommend WG4 not to approve the CRs.
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