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1. Introduction

While the procedure for non-synchronised Random Access Channel (RACH) was agreed during the RAN1 and RAN2 Joint Meeting at the LTE Ad-Hoc in Cannes in June 2006 [1], the content of the message sent in the Random Access Preamble and the method used for contention resolution are subject to further discussion.

In a separate contribution [2] we introduced a proposal to use the CQI Report as a Signature in the RACH Preamble Message for the reduction of collision probability: this paper presents the details of this CQI scheme.

A related paper [3] has also been submitted to RAN1.

2. Discussion

The current status of the discussion in RAN2 on the content of the first uplink transmission [4] is that a Signature is included in the Preamble Message, where the meaning of the Signature corresponds to a a combination of different information, e.g. Priority, Cause Value and CQI. The purpose of this Signature is to reduce the collision probability by means of ensuring some element of randomness in the signature selection; this reduces the number of times that a further stage of contention resolution during the subsequent higher-layer steps of the RACH procedure has to be used, as the UE already has an identity that the network can acknowledge in its RACH Access Response.

In [2] we proposed to use a CQI Report in the Signature in place of a “Random ID” field that would carry no useful information. In this scheme the CQI Report, which would carry useful information on the downlink reception quality, is profiled to provide a higher degree of randomisation for the reduction of collision probability. 

Indeed the randomness of the CQI Reports can be improved by:

1. Using RACH occasions (where “RACH occasion” refers to the time / frequency resource units in which the RACH preamble may be transmitted) to make the granularity of the CQI reporting finer. For example, by mapping the MSB of the CQI to alternate RACH occasions, the available bits in the preamble can be used for finer resolution and therefore reduce the collision probability. 

2. Setting an appropriate range for the CQI reporting values. If the upper and lower limits of the quantisation range for the reported CQI are set to suitable levels, the number of UEs reporting in each CQI “bin” can be made approximately uniform. 

For example, with 3 CQI bits representing 8 CQI “bins”, and an assumption of approximately log-normal distribution of CQI, the distribution of bins giving uniform numbers of reports in each bin is shown in Figure 1 for an arbitrary range of 30dB. 
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Figure 1: Spacing of CQI bins giving uniform probability of occurrence


It is clear that a reasonable approximation to this is to set the edges of the upper and lower bins to suitable values (e.g. 20dB and 10dB respectively in this example), and to use uniform quantisation in the intermediate region. The result of restricting the range of the CQI report in this way is shown in Figure 2. 
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Figure 2: Effect of restricting the CQI quantisation range on the probability of occurrence of each quantised value


It is clear from Figure 2 that restricting the range of the CQI reporting in the RACH Preamble Message can significantly improve the randomness of the values selected for transmission in the preamble, and therefore reduce the collision probability.

We therefore propose that the RACH parameters signalled by the network should include the quantisation range for the CQI reports to be included in the unsynchronised RACH Preamble Message.

3. Conclusions

In this paper we have discussed the details of a reduction of the collision probability in the initial uplink transmission in the unsynchronised RACH, based on a refined quantization of the CQI Reports. 

We propose that refined CQI Reports are used as Signatures in the RACH Preamble Message, and that RACH parameters signalled by the network include the quantisation range for the CQI reports.
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