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1 Introduction

In the June 2006 RAN1/RAN2 adhoc meeting on LTE, it was concluded that the asynchronous RACH preamble will implicitly indicate 4-6 bits of information by means of selecting a signature from a set of 16‑64 signatures. 

The possible contenders for using the information bits are a random ID, a cause value / message size, and/or CQI/pathloss.

In this paper we discuss some RAN1-related aspects of the information content of the preamble. Related papers [1, 2] have also been submitted to RAN2. 

2 Discussion

2.1 Cause value

We see two aspects to the information which could usefully be carried in a cause value:

· an indication of priority;

· an indication of the amount of uplink resource required.

The priority aspect is particularly useful for handling emergency call setup. Emergency calls would follow a consistent setup procedure and require a typical resource allocation for the next step. Therefore we believe that an indication of the amount of resource required is not necessary if the priority is “high”. 

For other values of priority, it is useful to be able to allocate appropriate uplink resources depending on the cause of the RACH access.

Therefore we propose a combined priority/cause field, where the priority can be at least “high” or “other”, and the cause (in the event of “other” priority) gives an indication of the amount of uplink resource to allocate for the next step of the access procedure. 

2.2 CQI/pathloss

This is useful for setting the initial downlink resources such as transmission power. CQI is likely to be more useful than pathloss. 

2.3 Random ID

The purpose of a random ID would be to reduce the probability of collision. However, reducing collision probability is not the only metric by which the performance of the RACH preamble design should be assessed, and the overall efficiency of the whole access procedure should instead be optimised. Therefore, as a random ID would carry no useful information, we believe its length should be minimised (possibly to zero). 

It should also be noted that there are other methods by which an acceptable collision probability can be achieved. In general, the combination of a “Cause/Priority” value and a CQI report should provide a reasonable degree of randomisation and hence help to ensure a low collision probability. Residual collisions (of which there will inevitably always be some) should be resolved during the subsequent higher-layer step of the RACH procedure. 

Repeated collisions between two UEs with the same Cause and CQI values can be avoided by use of a random reselection of the time/frequency resource slot for the next RACH preamble transmission after a backoff. 

Moreover, the randomness of the CQI reports can be improved by:

1. Using different timeslots to make the granularity of the CQI reporting finer. For example, by mapping the MSB of the CQI to alternate timeslots, 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 in terms of the probability of transmission in each of the CQI “bins”. 
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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 can significantly improve the randomness of the values selected for transmission in the preamble, and therefore reduce the collision probability, provided that appropriate values are selected for the range. 

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 asynchronous RACH preamble. 

Any separate random ID should be small (e.g. no more than 1 bit), or non-existent. 

3 Conclusions

The merits of the possible elements of information for the asynchronous RACH preamble have been discussed. 

We propose:

· The bits indicated by the preamble should comprise:

· Cause/Priority, including a coarse indication of the required uplink resources

· The resource indication may be omitted in the case of high-priority.

· CQI

· The RACH parameters signalled by the network should include the quantisation range for the CQI reports to be included in the asynchronous RACH preamble, so as to reduce the collision probability and enable the CQI to fulfil the function of a random ID.

· Any separate random ID should be small (e.g. no more than 1 bit), or preferably non-existent.
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