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1. Introduction

The content of the RACH preamble message that is sent in the initial step of the RACH procedure for LTE is currently under discussion [1], and a joint proposal has been made by several companies regarding the inclusion of a cause value and a CQI value together with a Random ID in this preamble message [2].

In previous contributions to RAN2 #55bis [3][4], we presented and evaluated a scheme where the RACH preamble message contains a CQI report, and a configurable CQI quantization range is used to reduce collision probabilities.

In this paper we provide further information about this scheme in order to answer questions that were raised at RAN2 #55bis.

2. Discussion

In [3] and [4] we proposed to use the RACH preamble message to transmit a 2-bit or 3-bit CQI report out of a 6-bit preamble message, so that the CQI report of the downlink reception quality allows the eNodeB to adapt the transmission power for the RACH Message 2.

In this scheme, the CQI quantization range is optimised in order to provide a higher degree of randomisation for the reduction of collision probability. The CQI quantization range is signalled by the eNodeB together with the other RACH parameters.

We would like to provide answers to the following points that were raised at RAN2 #55bis.

SIR distribution used in evaluation

The simulation results presented in [4] were based on a distribution of SIR values from a multi-cell model of an LTE system, including effects of pathloss, lognormal shadowing, inter-cell interference and eNodeB antenna pattern. The simple lognormal model shown originally was not used.
The simulation results in [4] showed that the choice of an adapted centered range for the CQI range always produces better results than the choice of an arbitrary CQI range, with collision probabilities that are only marginally higher than for the optimal case of completely random signatures.

For optimum efficiency however, this centered range needs to be tailored according to the deployment scenario: this is why it is beneficial to signal an appropriate range for the CQI quantization that is adapted to the SIR distribution in the cell, that may be best configured by the network according to the channel measurements.

Cell-edge RACH attempts with similar CQI

The question was raised of the case when a high number of users are located in the same place and report a similar CQI: for instance if UEs are located at cell-edge (for e.g. handover) and report similarly low CQI, the role of the CQI field in the randomization process of the preamble message would be limited, resulting effectively in a restriction in the range of RACH preamble signatures selected by the UEs and an increase in the risk of collision probability.

However the principle behind the scheme that we proposed in [4] is that the CQI quantization range is adapted so that the distribution of the CQI reports results in a pseudo-random distribution: if the upper and lower limits of the quantization range for the reported CQI are set to suitable levels, the number of UEs reporting each CQI value can be made approximately uniform. 

In the case of a cell in which the majority of the RACH access attempts came from UEs with a given channel quality range, the network could therefore set an appropriate quantization range for reporting CQI accordingly, so that low CQI values at cell-edge are reported with a suitable granularity that results in appropriate randomization.

Furthermore, in [4] we showed that allowing 3-bit CQI reporting instead of 2-bit CQI reporting enables a wider range of CQI to be signalled while the effect on collision probability remains negligible: the network could therefore take into account the granularity of reporting that is required when selecting a CQI reporting range, with a number of available CQI bits that is adapted to the distribution of users across the cell.

3. Conclusions

In this paper we have addressed some questions that were raised at RAN2 #55 on the inclusion of a CQI report in the RACH preamble message.

Based on the benefits reviewed here, we propose that CQI reports are included in the signatures in the RACH preamble, as requested by RAN WG1 [5]. We propose that the CQI report should use 2 or 3 bits, and the RACH parameters signalled by the network should include the quantization range for the CQI reports in order to maximize randomization.

The inclusion of a CQI report in the RACH preamble is also supported by [2].
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