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1 Introduction

At last RAN3#39 meeting, it was discussed whether there was a need of including both, the downlink and the uplink gain of any external equipment. The kind of element connected between the node B, which would be able to provide a low output power, and the antenna reference port could be for example a distributed antenna system or a repeater. 

The aim of this document is simply to clarify the use of both parameters, especially explaining what could be the need for the node B to be aware of the uplink gain of this external element.

2 Description

All along this analysis, the following structure is to be considered:

Figure 1: General scenario

First of all, it seems clear that, indisputably, the downlink gain of the distributed antenna system, repeater or any other external equipment connected at the output of the node B will be a value needed by the node B, in order to be able to adjust its output power accordingly. By doing this, the Primary CPICH power at the antenna connector can be correct, as indicated on the BCH.  

On the other hand, the purpose of the uplink gain could be less obvious, although it is also important, for this parameter will be used to compensate any dissymmetry between both, uplink and downlink, so as to receive an exact - as accurate as possible - initial power for the PRACH preambles. To clarify this point, it would be useful to analyse in detail how the calculation of this power is performed by the UE.

The formula the UE uses to estimate the power of the initial preamble for the PRACH, Preamble_Initial_Power, is given in 3GPP TS 25.331 as follows:

Preamble_Initial_Power = Primary CPICH TX power IE – CPICH_RSCP





       + UL Interference IE




       + Constant Value IE
Where:

· The Primary CPICH TX power IE is the transmitted Primary CPICH power sent to the UE on the Uu interface. This IE is indicated on the BCH in the System Information Block, SIB, type 6 (or SIB 5, if SIB 6 is not being broadcasted).

· The CPICH_RSCP is measured by the UE as the received value of the Primary CPICH.

· The UL Interference IE is the estimated uplink interference already existing in the cell. This IE is present on the BCH in SIB7.

· The Constant Value IE is a constant chosen by the RNC. This IE is radiated to the UE on the BCH in SIB 6 (or SIB 5, if SIB 6 is not being broadcasted).

In fact, the first two terms represent the estimation of the downlink path loss. Of course, it can only be correct if the Primary CPICH power at the antenna connector is equal to the Primary CPICH TX power IE. So, this is obviously the reason why the node B needs to be aware of the presence of the external element connected at its output before the antenna itself, adjusting its output power in accordance.

Additionally, a constant value is chosen so as to enable RRC connection establishment without delay and without creating too much uplink interference.

Finally, in order to take into account the presence of other UEs in the cell, the UL interference IE is included. This estimation will only be correct if the node B is aware of the UL gain of the external element connected.

As it could be noticed, this formula does not explicitly contain uplink and downlink path losses, but on the contrary, symmetry between both links is implied. This means that the UE assumes that uplink and downlink path losses are almost the same. This hypothesis is usually valid at the antenna connector reference point, that is, immediately after (or before) any external element connected at the output (input) of the node B on the downlink (on the uplink). It is important to maintain this symmetry up to the node B itself, so that the initial power of the preambles would be correct enough.

If either uplink or downlink is not compensated correctly, then the Preamble_Initial_Power may not be accurate enough:

· Being too low, the RRC connection establishment might be delayed or even impossible.

· Being too high, too much uplink interference will be created in the cell.

3 Conclusion

This contribution shows the need for both parameters, downlink and uplink gain, as both could be useful to a UE to calculate with accuracy the initial power of the access preamble of the PRACH.

If this clarification was considered to be useful, it could be included in the TR on LOP.
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