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1 Introduction

In the random access procedure, currently envisaged in 3GPP, a cell with the strongest downlink pilot (PCCPCH) is selected by the UE as the cell to be accessed. After the selection is made, the UE reads the BCH of this cell, calculates transmit power required for the RACH burst using the extracted information on the pilot power and the detected pilot level, and transmits the RACH preamble. If a need for re-transmissions arises, the UE makes use of uplink dynamic persistence (also broadcast on the BCH) to adjust the access procedure. This scheme for access cell selection is not optimum, and the present contribution aims at improving it. The new proposal is expected to improve the system performance especially when the traffic load in the uplink is distributed unevenly between cells and at cell locations with a large amount of inter-cell interference e.g. near the cell border.

Optimised Cell Selection

The optimised scheme bases the decision on the preferred access cell on comparison of transmit powers required for the access probe in each of the candidate cells. The preferred cell has the minimum Tx power requirement. The list of candidate cells is compiled on the basis of PCCPCH pilot strength, and it is proposed to limit the size of the list to 2 or 3 cells depending on the UE capability.

The UE forms the candidate list, decodes BCH of each candidate, and uses the path loss estimate and the uplink interference floor to derive the required transmit power. Uplink congestion indicator such as dynamic persistence and the information on the PRACH preamble/message power offset recommended in each cell may also be used in the derivation to provide a more accurate uplink quality metric. By selecting the cell with the minimum Tx power requirement for the access probe, the UE ensures that the probe is sent to the cell with a non-congested PRACH and/or low uplink interference floor and also a strong downlink pilot. The resulting benefits will include a smaller number of re-transmissions, a shorter overall access delay and less interference created by the random access. To illustrate the benefits, one can consider an example of two cells (A and B) with downlink pilot A being 0.5 dB stronger than pilot B. However, the estimated path loss in cell A is 1 dB greater than in cell B. Also, uplink interference floor in cell A is 3 dB higher than in cell B possibly because PRACH in cell B carries little or no traffic, whilst cell A is characterised with a lot of uplink only packet traffic.  Clearly, there will be a 4 dB difference between the two cells in the power required for the access probe, and cell B rather than cell A should be selected.

UE Complexity and Processing Delay

The proposed scheme requires decoding of the BCHs in all candidate cells prior to sending the access probe. This requirement does not result in an appreciable increase in the UE complexity at least when the candidate list has a size of two. This is because according to our understanding even the simplest UE receiver has to have the capability to perform simultaneous symbol level processing of a dedicated channel (possibly operating at a higher data rate than the BCH) and at one common channel such as BCH. Therefore, simultaneous decoding of two BCHs in the absence of an active DCH does not increase the processing burden in the UE receiver. For more complex UE receivers, it should be possible to decode three BCHs simultaneously with no additional complexity involved.

Assume that decoding of each BCH takes 20 ms and the BCH decoding procedures are carried out simultaneously. The total decoding time for two BCHs will be not more than 20+5 = 25 ms, where 5 ms is the maximum delay of ½ of a frame due to asynchronous timing in the cells. 

Conclusion

The proposed cell selection scheme is expected to improve the RACH performance without an appreciable increase in the UE complexity. It is suggested that TSG RAN WG1considers this proposal for inclusion in the 3GPP documentation. We recognise that it may be necessary to check our view on the minimum symbol level processing requirement in the UE with TSG RAN WG2 and the UE capabilities ad hoc of WG1.
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